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' reactor nozzles to improve the thickness uniformity of
the material deposited on the semiconductor wafers.
10 Chemical vapor deposition is a process for growing

a thin layer of material on a semiconductor wafer so that
the lattice structure is identical to that of the wafer.
Using this process, a layer having different conductivity
may be applied to the semiconductor wafer to achieve the

15 .necessary electrical properties. Chemical vapor
deposition is widely used in semiconductor wafer
production to build up epitaxial layers on the wafer
surfaces to achieve the necessary electrical properties
of the wafers. For example, a lightly doped epitaxial

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

25 achieved.

Chemical vapdr deposition is performed in various
types of reactors in which reactant gas flows over the
faces of the semiconductor wafers. Barrel reactors are
the most common reactor type used in the semiconductor

30 industry. Conventional barrel reactors have silicon
carbide coated, graphite susceptors which are polygonal
tubes having walls which taper slightly outward toward
théir bottoms. Circular recesses are vertically arranged
along each susceptor wall for receiving semiconductor

35 wafers. The susceptor is suspended and rotated in a
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genérally downward over the exposed surfaces of the
10 wafers held by the susceptor to the bottom of the
reaction chamber.

One of the primary problems associated with chemical
vapor deposition in barrel reactors is maintaining the
inter-wafer and intra-wafer thickness uniformity of the

15 deposited material. 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 depth-of-field capability of optical lithography.

20 Among the parameters which affect thickness
uniformity are the directions of the nozzles, the flow
rate of gas through each nozzle, and the taper angle of
the susceptors. Generally speaking, adjustment of the
nozzle directions affects the thickness uniformity in a

25 vertical direction along the susceptor, and adjustment of
the relative mass flow rates between the nozzles affects
the thickness uniformity in the horizontal direction. 1In
addition, minor changes in thickness uniformity can be
made through temperature adjustments and alterihg the

30 flow of purge gas through the susceptor.

In the past, verification and adjustment of the
nozzle directions involved opening the barrel reactors,
hanging a target grid in the reaction chamber where the
gas jet from each nozzle should ideally be directed, and

35 installing a tubular pointer over the end of the nozzle.
When adjustment was necessary, the feed line from the
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10 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. These reactants are highly reactive with
oxygen, water vapor and organic compounds. Although

15 every effort is made to avoid contamination, the prior
procedure potentially caused contamination by dislodging
silicon deposits during installation of the target and
pointer and during the partial disassembly and reassembly
of ﬁhe jet assembly holding the nozzle.

20 Further, this procedure could be inaccurate due to
the opportunity for the nozzle to move as the pointer was
removed. Nozzle drift sometimes caused the nozzle to be
farther out of alignment after an adjustment than before
the adjustment, particularly when the adjustment was

25 minor. In addition, the accuracy of the prior method of
alignment was dependent on the fit between the pointer
and the nozzle, as well as on the straightness of the
pointer. However, due to the nature of the adjustment
process, pointer fit and straightness were adversely

30 affected over timé, thereby reducing the accuracy of the
adjustment process.

3



_reactant gas source to the jet assenbly had to be di sconnected and a
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process. reduces the potential for reaction chamber contamination;

the provision of such an apparatus which enables the
15 nozzle to be positioned without opening the barrel

reactor; the provision of such an apparatus which
exhibits highly repeatable nozzle positioning; the
provision of such an apparatus which enables small and
accurate nozzle position adjustments; and the provision

20 of such an apparatus which enables nozzle repositioning
in relation to present nozzle position.

Further among the several objects and features of
the present invention may be noted the provision of a
method for calibrating a graduated nozzle positioner so

25 that highly repeatable and accurate results may be
achieved.

Briefly, the jet assembly of the present invention
comprises a nozzle and a positioning device. The nozzle
is adapted for mounting on a barrel reactor in fluid

30 communication with a supply of reactant gas for
selectively delivering a jet of reactant gas from the
supply to a reaction chamber. The nozzle is pivotable
relative to the barrel reactor for selectively altering
the direction in which the reactant gas jet enters the

35 reaction chamber. The positioning device is connected to
the nozzle for pivoting the nozzle relative to the barrel



4" Summary of the Invention Anong the several objects and

* features of the present .invention is the provision of an apparatus for
| ocating the nozzles of barrel reactors with increased 5 accuracy to
t hereby increase the level of uniformty in intra-wafer and
I nter-wafer epitaxial thickness; the provi sion of such an apparat us
whi ch reduces the . frequency of installing a target and pointer to
verify the position of the nozzle; the provision of such an 10
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repeat abl e ah@V%BEE?Etﬁomﬁgﬁﬁﬁg #egopale, a connector, and a multi-
10 axis stage. The nozzle is pivotable relative to a barrel

reactor about first and second axes of rotation for
selectively altering the direction in which a reactant
gas jet enters a reaction chamber. The second axis is
generally perpendicular to the first axis. The connector

15 _is connected to the nozzle and extends outwardly away
from the reaction chamber for pivoting the nozzle
relative to the barrel reactor in response to movement of
the connector. The multi-axis stage is disposed outside
the reaction chamber when the nozzle is mounted on the

20 barrel reactor and includes first and second glider
units. The first unit is connected to the connector and
the second unit is connected to the barrel reactor. The
first unit permits the connector to move relative to the
barrel reactor in a first plane to pivot the nozzle about

25 the second axis. The second unit permits the connector
to move relative to the barrel reactor in a second plane
to pivot the nozzle about the first axis.

In still another aspect, the present invention

involves a method of optimally aiming a nozzle of a

30 barrel reactor. The method comprises the steps of aiming
the nozzle toward a first target site within the barrel
reactor, pivoting the nozzle a predetermined amount to
direct the nozzle toward a second target site spaced from
the first target site, and measuring the distance between
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*conprises a nozzle and a positioning device. The nozzle I s adapted for
nounting on a barrel reactor in fluid 30 comuni cation with a supply of
reactant gas for selectively delivering a jet of reactant gas fromthe
supply to a reaction chanber. The nozzle is pivotable relative to the
barrel reactor for selectively altering the direction in which the

reactant gas jet enters the 35 reacti on chanmber. The positioning device
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reaction chardi .in part poimtéddhenasdfdftapparatus of the present
invention conprises a nozzle, a connector, and a multi- 10 axis stage.

The nozzle is pivotable relative to a barr el reactor about first and

second axes @Erief Désdrivtion ofallgctDmsdingd tering the direction in which
a reactant . . : . .
Fig. 1 is a fragmentary, schematic perspective of a

barrel reactor;
10 Fig. 2 is a top plan of a gas ring and gas injector
jet assemblies; ' |
Fig. 3 is a fragmentary side elevation in partial
section of a jet assembly and multi-axis stage;
Fig. 3A is an enlarged fragmentary cross section of
15 the inside end of the jet assembly of Fig. 3; and
Fig. 4 is a rear elevation of the multi-axis stage.
Corresponding reference characters indicate

corresponding parts throughout the several views of the
drawings.

20 Detailed Description of the Preferrgd Embodiments
Referring now to the drawings and in particular to
Fig. 1, a barrel reactor, for use in chemical vapor
deposition of a layer of semiconductor material on one
face of wafers W, is indicated generally at 10. The

25 barrel reactor includes a shell, generally designated by
12, defining a reaction chamber 14 in which the wafers W
are positioned for chemical vapor deposition. The shell
comprises an inverted quartz bell jar or reaction chamber
vessel 20, a gas ring 22, and a seal plate 24.

30 A lift assembly, indicated generally at 30, is
positioned generally above the reaction chamber 14 to
raise and lower a quartz hanger 32 and a five-sided,
silicon-coated, graphite susceptor 34 out of and into the
bell jar 20. The susceptor 34 hangs from the hanger 32.



~gas jet enters a reaction chamber. The second axis is general ly

* perpendicular to the first axis. The connector 15 Is connected to the
nozzl e and extends outwardly away fromthe reaction chanber for

pi voting the nozzle relative to the barrel reactor in response to
novenent of the connector. The nulti-axis stage is di sposed outside
the reaction chanber when the nozzle is nounted on the 20 barrel reactor
and includes first and second slider units. The first unit is

connect ed t 0 qiie KUGHH FNthas thidie, SREVIGANY drirfiRfue debdded he
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toward a first target site within the darr . reactor, pivoting the
nozzl e a preddmrreverdtheoyntfepnity ofjjtheteRHaaYy | ka¥e¥ard a second
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and second t drife FPWRWRR RetweeR JHhe SFHERERFOT 34 and be11 Jar 20.
10 It should be understood that the susceptor 34 may have

different numbers of side walls and wafer recesses, and
be constructed for processing wafers of different sizes
without departing from the scope of the present
invention.

15 A cap 40 supporting the seal plate 24 is positioned
above the susceptor 34. Lift arms 42 connected to the
cap 40 permit the cap to be raised and lowered to raise
and lower the seal plate 24, hanger 32 and susceptor 34
with respect to the bell jar 20. A drive assembly 44 for

20 rotating the hanger 32 and the susceptor 34 about their
longitudinal axes, and a control 46 for controlling the
drive assembly are located on top of the cap 40. Purge
gas lines 48 connected through the cap 40 deliver purge
gas to the seal plate 24 and drive assembly 44. The

25 construction of the barrel reactor 10 as described above
is well known to the semiconductor industry. .
Accordingly, only a general description its features and
_operation is given herein. :

As illustrated in Fig. 2, the gas ring 22 includes

30 two jet port cavities 50 extending horizontally through
the gas ring at opposite sides of the ring. Each of the
cavities 50 extends through the gas ring 22 in a
direction which is oblique with respect to radial.

_ Further, the cavities 50 are oriented so that their -

35 centerlines intersect midway between the cavities at a
point P circumferentially spaced from each of the



~calibration factor correlating nozzle nmovenent to a di stance between

" curirent and desired reactant gas delivery sites. 5 Qt her objects
and features will be in part apparent and in part pointed out
her ei nafter. Brief Description of the Draw ngs Fig. 1is a
fragnentary, schematic perspective of a barrel reactor; 10 Fi g.
2 is atop plan of a gas ring and gas ignjector j et assenblies;
Fig. 3is a fragnentary side elevation in parti al section of a jet

assenbl y and cawitiieaxiksy Sstm&)x:.mately 90°Fi A Yhd drgectilow ged fragnentary

cross section of nd of .t ssenbl af_.Fi 3; and
Fig. 4is a PEE® “é?y/atqeceﬂ]e ﬂ'sl]t%e %ﬁﬁql}ata‘%eé :ng 8P artla 11y(:”]COrrespondl ng
ref erence charestiaresd idndieaxtle of the:qre@sqm’aﬂqagnﬂaﬁs; &erlRywHaMe
several vie it }g%?1 i Pt e
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particul & tg:eact:.q:q Fhambeyr pif rQ-‘Hrlr% chemiqale apahsianesitigsor
deposition ofprdydeer of sem.conductor material on one face of wafers
W is indicated generally, q{ 10. The 25 barrel reactor includes a shel
general |y desi gnatfi py3 1llustratesaigap Aniectich itamfsemly $3umi ch’
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Gas Ting 22, AHFS SN fnd et He Fndil A WASIAHS pne | POSTe™
gener al |30 at =@Eenlsly 52. pdEhe inorzlegdferid |heladbore arhdmeacttiwoulahanber 14
to - body 62 which is fastened to an outer tubular body 64
having a flexible bellows 66 attached to its outboard
end. Together, the inner and outer bodies 62, 64, and
the bellows 66 form a nozzle housing assembly. A
15 connector 68 in the form of a stem extends outwardly from
the nozzle 60 to a positioning device, generally
designated by 70. The connector 68 may be as long as a
foot or more.
. The inner and outer bodies 62, 64 are joined by a
20 coupling nut 72. An O-ring 74 held in a groove in the
inner body 62 seals the interface between the inner and
outer bodies 62, 64. The inner body 62 has a threaded-
exterior portion 76 near its inner end for attaching the
jet assembly 52 to mating threads within the jet port
25 cavity 50 of the gas ring 22. A second O-ring 78 is
trapped between the inner body 62 and the gas ring 22 for
sealing the interface between the gas ring and the
corresponding jet assembly 52. As best illustrated in
Fig. 3A, opposing spherical bushings 90, 92 form a
30 spherical bushing assembly disposed within the inner end
of the inner body 62 for holding the nozzle 60. A spool
96 contacts the outside end of bushing 92 and a threaded
retainer 98 screws into threads on the interior diameter
.of the inner body 62 to hold the bushing assembly and
35 spool in place W1th1n the body.



rai se and |l ower a quartz hanger 32 and a five-sided, si | i con-coat ed,
Y graphite susceptor 34 out of and into the bell jar 20. The susceptor
34 hangs fromthe hanger 32. ' 7
The susceptor 34 has three, vertically arranged recesses 36 in each
side wall which are sized to hold 150 mllimeter (mM) sem conduct or
wafers W The side walls of the sugceptor 34 taper slightly outward
toward the 5 bottomso that the waferS Wrest agai nst the susceptor
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to the bell jhanaddg é.@@dﬂid@i%%%ﬁh& Q@s%ﬁbl%ohavﬁﬂbabb@&sﬁﬂg hanger 32 and
the susceptor %ef?%% ﬂﬂé 1ngs 112, 114. A threaded retainer 118
| 10 screws into threads on the interior diameter of the
bellows cylindrical portion 110 to hold the bushing
assembly in place within the bellows 66.
The nozzle 60 has a tubular section 120 (Fig. 3A)
which directs the reactant gas into the reaction chamber
15 14 as a jet. A spherical journal 122 is formed at the
outer end of the tubular section 120 and is captured
between the opposing spherical bushings 90, 92 in the
inner body 62 thereby sealing the interface between the
nozzle 60 and inner body and enabling the nozzle to pivot
20 within the nozzle housing assembly. The connector stem
68 is integrally formed with the journal 122 opposite the
tubular section 120. The stem 68 includes an internal
passage 124 which extends from the stem through the
journal 122 and tubular section 120. An orifice 126
25 extends vertically through the stem 68 and provides fluid
communication between the interior of the nozzle housing
and the internal passage 124 for directing reactant gas
from the interior of the housing assembly to the tubular
section 120 of the nozzle so that reactant gas may pass
30 into the reaction chamber 14. Although other
orientations are within the scope of this invention, it
has been_found that uniform epitaxial layer thicknesses
are achieved when the orifices 126 of both jet assemblies
52 are similarly oriented with respect'to each other.
35 Preferably, the stems 68 of both jet assemblies 52 are
oriented so that the centerline axes of the orifices 126



| ohgi tudi nal axes, and a control 46 for controlling the drive assenbly
“are’located on top of the cap 40. Purge gas |lines 48 connected through
the cap 40 deliver purge gas to the seal plate 24 and drive assenbly
44, The 25 construction of the barrel reactor 10 as descri bed above

s well known to the sem conductor industry. Accordingly, only a
general description its features and 4 operation is given herein.

As illustrated in Fig. 2, the gas ring 22 includes 30 two jet port
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about spherical journal 122 within bushing assembly 90.
10 .An O-ring 130 between the stem and bearlng 128 seals the
interface between the two.
Referring now to Figs. 3 and 4, the positioning
device comprises a multiple axis stage including a first
" glider unit 140 oriented for horizontal movement and a
15 gsecond slider unit 142 connected to the first unit and
oriented for vertical movement. The connector 68 is
attached to the first slider unit 140, and the second
slider unit is connected to a base 144 which is attached
to a table 146 (Fig. 1) surrounding the barrel reactor 10
20 so that the nozzle 60 moves relative to the reaction
chamber 14 when the first and second slider units are
actuated. Each of the slider units is substantially
identical except for its orientation.
The first slider unit 140 includes a generally
25 channel-shaped portion 150 and a rectangular portion 152
received in the channel of the channel-ghaped portion. A
pair of caged linear ball bearing assemblies 154 (the
cages of which dre visible in Fig. 4) run in grooves (not
shown) formed in the opposing sides of the channel and
30 the sides of the rectangular portion 152 which face the
opposing sides. A bracket 156 fixedly attached by
fasteners 158 to the rectangular portion 154 of the first
slidexr unit 140 supports a spherical bearing and bushing
assembly 160 threaded through the lower end of a
35 dowhwardly projecting portion 162 of the bracket. The
connector 68 is received through an opening at the free



A nozzle, generally indicated at 60, is positioned at the I nner end (to
the left as shown in Fig. 3) of the 10 assenbly 52. The nozzle 60 is held
in an inner tubular  body 62 which is fastened to an outer tubul ar body
64 having a flexible bellows 66 attached to its outboard end.

Toget her, the inner and outer bodies 62, 64, and  the bellows 66 forma
nozzl e housi ng assenbly. A 15 connegtor 68 in the formof a stem extends
outwardly from the nozzle 60 to a positioning device, generally

desi gnated bya78f the pRAGeIOENSLIRKhikg asskablyai6d whichf permitsnore.
The i nner and,outer _bodi e

.0 64 .are,j ol ned a 20 _coupling_nut 72. An
Oring 74 hHP&VFﬁsélgpﬂayélpﬁ’Fﬁ%lon bb%wﬁgp Eé&ycgﬁn? gP% Pﬁea erface
bet ween t hethenbraakeét 156.outer bodies 62, 64. The inner body 62 has a

t hr eaded exter.| or i n ds i' f { hi t he
jet assenbly 52 otr?%{qd%'g ptlr?%reéaé?‘lw%%if%sﬂ%ﬁéwgong%%tte% £ tctgl\%i tl%g': 0 of the

gas ring§ 22endA (sec @eerOfrom the ivantage pfafded Kt wferthehe i nner body 62

and the gas LiRAnd1% portictfalsNg R igHidlkl dcadalswraxtidmaiads ring and
t he correspo |nq11et assenbly 52. '

3A, opposi nFrephéhecd %ﬁni%%&sﬁf%mﬁ%%%g l%egigp.'ngm ngFI ¥
assenbl y di gpeeedwidHiged oddial 18w Coilofsprimgsin@otbahewid for
02 and a t nYESHOT the SR Radedeg RARE 1ol Ten RIS BE YR Tor
di anetao  1520ftd hehe nnisghtbady $owmo ihwlIRig.het budFitapassdf y and 35
spool in p“ﬂ%%f@ééﬁﬂbtggaéﬁé“&ight from the top of the thrust plate
164 has a longitudinal slot (not shown) through which a
locating fastener 170 is received into the top of an end
plate 172 of the channel-shaped portion 150. So long as
15 the locating fastener 170 is not tightened, the tongue
168 moves with the thrust plate 164 relative to the end
plate 172 of the channel-shaped portion 150. The
rectangular and channel-shaped portions 150, 152,
respectively, can be fixed in place relative to one
20 another by tightening the locating fastener 170.
A micrometer 174 mounted on the eﬁd plate 172 of the
channel-shaped portion 150 of the first slider unit 140
extends through the end plate and engages a hardened
spherical bearing 176 embedded in the thrust plate 164 of
25  the rectangular portion 152. The micrometer 174 is not
connected to the bearing 176 or thrust plate 164.
However, the coil springs within the guide rods bias the
bearing against the micrometer, and the channel-shaped
and rectangular portions 150, 152 are further
30 interconnected by a leaf spring 178 which also biases the
rectangular portion to the right (as seen in Fig. 4),
keeping the hardened bearing 176 in constant engagement
with the end of the micrometer 174.
The micrometer 174 is a conventional vernier
35 micrometer having a screw 180 which may be rotated within
a casing 182 by turning a knob 184 to extend or retract



9 Referring again to Fig. 3, the outer body 64 has a port 100
extending through its side whi ch includes a fitting 102 for connection
with aline 104 (Fig. 1) to supply the jet assenbly 52 with reactant
gas. The 5 bellows 66 includes a flange 106 at its inner end for

attaching the bellows to the outer body 64 with fasteners 108 and a
cylindrical portion 110 at its outer d for hol ding a second bushi ng
assenbly having opposi ng spherica? bushi ngs 112, 114. A threaded

retainer t er iy speter of the '
bel | ows cyI [ n ri callséw orti onqéisl% aﬁil% héeh%bld% . * assenbly in place
within the SadiRt -'66’13 186, 188 qfhé: heyZ0Qb ﬁ‘%ﬁa%@%bul ar section 120

(Fig. 3A) res?t%@bvéllyre Ghsrmie psmiééltqm&:iﬂatonmanémfemmwber 15
14 as a jet

i ouy nal is. formed,at the, ut-ef.end of
the tubul ar ts}é%t? Z:bgé 2L t’Eﬁ gtive t%%%e%a?ﬁ%go]p%%m n4t spheri cal
bushi ngss 90,t19& kol k84 of thmanldmometﬁertmdmy seahedgeldekwiser f ace

bet ween t he no@§§ééef93“apﬁe' Qﬁ%?bﬁgy%ﬁid £$a@$éngc£8$ gzl e %o pi vot

20 within tﬁ e housSi ng ass connector stem
integrally fexmemdanfhomhéh?o@aﬁamganQop@b%t@hytm@Shlng th@u¥b¥u§§ctlon

120. The st u e I exs e from
the stemthr gﬁ ﬁ@i @gﬁdagﬁéﬁé EHézr%%%an§@%%§?$g%@??§ﬂi92) t\‘(énﬂ:!;(filflce

126 25  ext velate&9|§°thh%u§haﬁaélsﬁhﬁp%@ %ﬂﬁtb?ﬁvudE et 1eRf

communi £&t i ogp %Efﬁst B@eraﬁeé | @6 W@bvéhgneozgtealigutangportioanysehe
I nternal passage, 124 from.the interior of

f
t he housi ng %Ss%hﬁl?lggttﬂbggﬁghg Wig%g&egﬁfgfiﬁ 1808 %He nozzle so that

react ant gascoayterslockwise to retract the screw 180 within the
casing 182. Because the rectangular portion 152 of the
first slider unit 140 is connected to the connector 68,
15 the nozzle 60 pivots about a vertical axis passing
through the center of the spherical journal 122 when the
micrometer 174 is turned to precisely orient the nozzle
in an horizontal plane.
. The second slider unit 142 is of substantially the
20 same construction as the first unit 140. However, the
second unit 142 is oriented in a position which is turned
90° counterclockwise from the position of the first unit
140 in Fig. 4. The second unit 142 includes a generally
channel-shaped portion 190 and a rectangular portion 192
25 received in the channel of the channel-shaped portion. A
pair of caged linear ball bearings (not shown) slidably
connect the rectangular portion 192 to the channel-shaped
portion 190. The channel-shaped portion 150 of the first
unit 140 is fixedly connected to the rectangular portion
30 . 192 of the second unit 142 for conjoint vertical movement
of the first unit with the rectangular portion of the
second unit. The connector 68, which is connected to the
bracket 156 connected to the first unit 140, moves
vertically with the rectangular portion 192 of the second
35 unit 142. The channel-shaped portion 190 of the second



30 into the reaction chanber 14. Al though ot her orientations are

“within the scope of this invention, it has been found that uniform

epi taxi al |ayer thicknesses are achi eved when the orifices 126 of both
j et assenblies 52 are simlarly oriented with respect to each other.
35 Preferably, the stens 68 of both jet assenblies 52 are oriented
so that the centerline axes of the orifices 126

10 are vertical. The stem68 is cohnected to the posi tioni ng
device 70 for pivoting the nozzle relative to the barrel reactor 10

thereby al tetind§ e dis ddoiesiy mttacheq &0 the bager ddt whdghedsenters the
reaction chagi®ached kb the WiKId cale Qeay.nq)12%rReundiokednd Yariihe -
second bushlqgﬁ?ssenbly 110 slidably receives the connector 68. The
bearing 128 *&3%5 e Within the bushing assenbly 110 so that it

does not bi nd wherlt hrhendawesr Ghdiofotthe rectlamgulsphgortdlon aignadf 122

125 ‘seal & 1 nne SN ke, Yha b el BARCE A0S R T0C O

2% Bdawde _ ng now to
Figs: 3 and 4onrestsshito diiengrectangivhan @oudrion .seSuideulnads €0xi s st age
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for vertical nassduad imHde shame-sdwmped portion 190. Coil springs
_ (not shown) within the guide rods 204 bias the
10 rectangular portion 192 upward. A tongue 206 projecting
upward from the left end (as seen from the vantage of
Fig. 4) of the thrust plate 202 has a longitudinal slot
208 (Fig. 3) through which a locating fastener 210 is
received into the left end of an end plate 212 fixed to
15 the channel-shaped portion 190. So long as the locating
"fastener 210 is not tightened, the tongue 206 moves with
the thrust plate 202 relative to the end plate of the
channel-shaped portion 190. The rectangular and channel-
shaped portions, 192, 190, respectively of the second
20 unit 144 can be fixed in place relative to one another by
tightening the locating fastener 210.
A second micrometer 214 mounted on the end plate 212
of the channel-shaped portion 190 of the second slider
unit 142 extends through the end plate and engages a
25 hardened spherical bearing 216 embedded in the thrust
plate 202 of the rectangular portion 192. The micrometer
214 is not connected to the bearing 216 or thrust plate
204, but the coil springs within the guide rods bias the
bearing against the micrometer. The channel-shaped and
30 rectangular portions 190, 192, respectively are further
interconnected by a leaf spring 218 which further biases
the rectangular portion upward, keeping the hardened
bearing 216 in constant engagement with the end of the
micrometer 214.



.attached to the first slider unit 140, and the second slider unit is
connected to a base 144 which is attached to a table 146 (Fig. 1)
surroundi ng the barrel reactor 10 20 so that the nozzle 60 noves relative
to the reaction chanber 14 when the first and second slider units are
actuated. Each of the slider units is substantially I dentical except
for its orientation. The fir@% slider unit 140 includes a
generally 25 channel -shaped portion 1 and a rectangul ar portion 152

: : : Ghauiely s Qs i,r of
cr:gggldv'le?niagr t,ggl fhggﬁerﬁngs?gnm I_es 11‘52'@%?1%%&1&(1&1 Iléhgglggé&d i %ﬁl%lre _
visible in Fi§ 358G & GRVEHARRY yernier TS RERANPE s ey ing ehecxeposi ng
si des of the2chamidlchiithydbe rdtatedes tofint B.ecra%(itn%n@lﬂza'byp%htrhﬁgxgégz
whi ch face the ORPOSI sjdes. A bracket 156 fixedly attached by
fasteners 152‘nt°5’ &t %%cﬁiﬂ%tﬂ%rorp(ﬁeﬁr&?tl@ CoFCERY frost the caginger unit
140 supp6rt s Versyilesr igumlduzeaionsy 226) [22s8hiong the kp@%semdt ?cgrllg@_% z'h(r)]?a?ﬁg
bracket . Theopectiyely, ntta BHEITe aBRiERiIYe Hesstitanent @k 1 ce
end of the b&ke mErew 220 Hogl tiswentelatise whi thepeasing 222 .uninterisal
pi voting not ek iREIHR dHiif w{éq:Ctt%e%B A hicromete iy %%‘a%r156-
actuators such as digital electronic micrometers may be
10 substituted for the manual analog first and second
micrometers 174, 214 of the preferred embodiment without
departing from the scope of this invention. If the knob
224 of the second micrometer 214 is turned clockwise (as
viewed from the top) the screw 220 extends from the
15 casing 222 and pushes the thrust plate 202 (and hence the
rectangular portion 192) downward relative to the
channel-shaped portion 190. = The leaf spring 218 and coil
springs within the guide rods 204 operate to move the
rectangular portion 192 upward when the second micrometer
20 214 is turned to retract the screw 220 within the casing
222. .Thus it may be seen that very precise pivoting of
the nozzle 60 in a vertical plane is achieved by turning
"the second micrometer 214, because the first unit 140 and
connector 68 are mounted for conjoint vertical movement
25 with the rectangular portion 192 of the second unit 142.
Thus configured, the direction of the nozzles 60
(and therefore the direction in which the gas jets enter
the reaction chamber 14) may be adjusted by turning each
of the micrometer knobs 184, 224. The first micrometer
30 174 of each gas injection assembly 52 may be adjusted to
horizontally move the corresponding rectangular portion
152 of the first unit 140 relative to the table 146 to
pivot the connector 68 about the vertical axis and adjust
the nozzle 60 in the horizontal plane. Similarly, the
35 second micrometer 214 may be adjusted to vertically move
the second unit 142 relative to the table 146 to pivot



A thrust plate 164 is fixedly connected to the left 5 end (as seen from
the vantage of Fig. 4) of the rectangul ar portion 152. Two gui de rods
166 extendi ng fromthe thrust plate 164 are slidably received in the
channel -shaped portion 150. Coil springs (not shown) within the guide
rods 166 bias the rectangul ar portion 10 152 to the right as shown in
Fig. 4. A tongue 168 projecting t 5the right fromthe top of the
thrust plate 164 has a longitudinal”slot (not shown) through which a

| ocati ng fastgpereckhibdiSor RYT=Te I t ¢ﬁ§% e L72 of
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f ast ener 5.70.range of motAon mbrﬂt@mcﬁlﬂﬂﬁnﬁ @lzﬁ?aﬁ hﬁlﬁﬂgi)t p_'{lpz'(t)@ 172 of
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176 enbedded Bath af tthess nzzle EBijudtn@mts tafﬁfercm:tdmgmrgtrrmffm 15|2.t
The m cronet 4.4 GRS J or thrust plate
164. HO\;e?{/envdér#l% e%ﬁ?r_slgﬁ ngs w %iﬁﬂﬁ}%%u' elé{r!%a‘:;l'z clzl%r%eg%eln a
beari ng agai ¥&rtiralidinaation aang Hde miaespinpet.  Because ridhe angul ar
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reactant gas into the reaction chamber 14 of the barrel
15 reactor. Reactant gas enters each nozzle housing
assembly through the inlet port 100 and travels through
the orifice 126 and into the internal passage 124. The
nozzle 60 directs the gas into the reaction chamber 14 as
a jet. The jeté from each nozzle collide at point P
20 (Fig. 2) ideally to eliminate the circumferential
velocity components of the jets when the jet mass flow
rates are equal. The gas thoroughly mixes before
travelling generally downward between the susceptor 34
and the inside wall of the reaction chamber 14 over the
25 exposed faces of the wafers W held in the susceptor.
To periodically calibrate the apparatus, a target
grid similar to that used for the prior art method of
-alignment described in the Backgrouﬁd of the Invention is
installed in the reaction chamber 14 where the jets
30 should ideally be directed. A tubular pointer (not
shown) is also installed over the end of the nozzle as in
the prior art method. The micrometers 174, 214 are
adjusted until the pointer is aligned with the center of
a target on the target grid and the positions of the
35 respective graduations 186, 188, 226, 228 are read and
recorded. Then micrometer 174 is adjusted to align the



'_12‘_ the screwwith respect to the casing. Vernier graduati ons 186,

188 on the knob and casi ng, respectively, permt precise quantitative
measur enent of the screw 180 position relative to the casing 182. If 5
the knob 184 of the mcrometer 174 is turned cl ockw se (as viewed from
the right in Fig. 4) the screw 180 extends fromthe casing 182,

t hereby pushing the thrust pl ate 164 (and hence the rectangul ar
portion 152) to the left relativelfo the channel -shaped portion. The

| eaf 10 spring 178 operates to ve the rectangul ar portion 152 to
the right whdibLHEeh €F et cresSud g s tie Haefled 1 ook o6 to
retract the spredetiébmimeéedi distance (eoss) g dbP. tdBecheseighe oeclafgul ar

portion 152 of_t j.r | . LU0 [ s nnect or
5. 15 the rdbatie ooproh: SudstBbit dnd Fhe fRINEELRY DSs1efong IR L
center of thel8phel88anr¢cagain readwmd xéeorded. m 3iwhbarlyl74 is turned.
to precisely | z o r I : The
second sI?derﬂ%%f§§%%§fig?%figu%%?%%%g%l fggﬁg?g%ﬁé ggﬁgggpﬁgf 3Etion as
the first uniPogibion ppdveicrepeter 214cb9rAinseedsbojalignekbed in a

position whi ChoigtédIReeh a thPPECEaAIgEOURSBRE| DEKAEER AT PPe8BEePAShEHON Of

the first unﬂgz 148.|ncFLg. ﬁ. The sec ng ﬂglp 1§2 |ngggdg§-aogggerally

channel - shape@iBbRRFENI1BOEAY aLPER I FRRELPY pbirei GRESS get p

- and the graduation positions 226, 228 are read and

10 recorded. A correlation factor between the nozzle grid
position and the micrometer readings may be calculated so
that nozzle movement may be precisely correlated to
micrometer extension and retraction. For example, if the
first micrometer 174 is moved ten units when the pointer

is travels two target grid units, then the micrometer is
moved five units for every grid unit of desired nozzle
travel in the plane of the target. In this manner, the
operator can use conventional grid units in a correlation
formula to obtain micrometer settings.

20 Once the calibration is performed, re-calibration is
not required until equipment changes, such as replacement
of the reaction chamber 20, are made. Therefore, the
operator can simply check the micrometer settings to
verify jet location without opening the reactor 10 and

25 installing the target grid and poihters. If thickness
variations are noted, small changes in position may be
made by adjusting the micrometers outside the reaction
chamber. Due to the long connector length and fine
adjustment available with the micrometers, very accurate

30 and repeatable nozzle adjustments may be made. The
apparatus eliminates the delicate nozzle alignment
procedure described in the Background of the Invention
and the attendant opportunity for operator error.

Because the nozzle adjustment does not involve partially

35 _disassembling the jet assemblies, it may easily and
quickly be performed at any time, causing less down time.



.25 ‘received in the channel of the channel -shaped portion. A pai r of

caged linear ball bearings (not shown) slidably connect the
rectangul ar portion 192 to the channel - shaped portion 190. The
channel - shaped portion 150 of the first unit 140 is fixedly connected
to the rectangul ar portion 30 - 192 of the second unit 142 for conjoint
vertical novenent of the first unit with the rectangul ar portion of

t he second unit. The connector 68 7 which is connected to the

br acket 156 n 0 s uni t .140,. no vert.i cal ' with the
rect angul ar p%r??gé%%g %Q%ﬁésgbcgﬁbp§%ntﬁm an4§arg?ﬁen8ﬁgnﬁalyyﬁ§b
portion 190 dnfreguentdny installed and because the new procedure dbés

142 4 h
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| ower end of Effe OPBOE: ¥ ttihen infroguction: pé sensaminaitesidntoa
t hrust pbat etB@2 reachtiivedichambexGonnected to the rectangul ar portion. Cuide

rods 204 exte dln u fromthe thrus plate 202 are slidably
received in the. cttfn “nggg@- Sgh é& kesﬁﬁﬁﬁg§ hat thgot shown)
within the gseseraddebietts af u-me ]i.vaethGbﬁn@td‘baéchQ"eﬁﬂeﬂn ahd2otpear d. A
t ongue 206 p%&bﬁﬁ%ﬁ@%ous el % g&%g%.left end (as seen fromthe

vant age of

As various changes could be made in the above

10 constructions without departing from the scope of the
invention, it is intended that all matter contained in
the above description or shown in tﬁe accompanying
drawings shall be interpreted as illustrative and not in
a limiting sense.



,Fig‘ 4) of the thrust plate 202 has a | ongitudinal sl ot 208 (Fig. 3)
roug h whi ch a Iocatlnﬂ fastener 210 is - received into the left end of

?Eeelngcnllimmmﬂlgmu 0 15 the channel -shaped portion 190. So |long as

r 210 is not tightened, the tongue 206 noves with
the thrust pIa e 202 relative to the end plate of the channel - shaped
portion 190. The rectangul ar and channel - shaped portions, 192, 190,
respectively of the second 20 unit 1448can be fixed in place relative to

one anot her ng the | ocating fastener 210. : A
second m croﬁ‘épg IZ?LA&]%%% d?%h the end plate 212 of the

channel - shaped por1i ora 1pétc Oéséélﬂofsyécm}:dh&é%ﬁ%nng rétbftl:tiari!.f1 a@étﬂ‘&ﬁzw

t hrough t he es_a 25 ar i ng

enbeddod i the P, BRErE8BEFCa Srmy 15 SRR GoF 4 Ttabn o2, The
m croneter reagioridunitg cancienichl ovdper beposit Db m‘odéﬁmbsﬁo;pl ate
204, but the earing
against the m r%%efﬁégg%hﬁgé%%%%r&l% éej? gé%gd@?te%{]angﬁ%r portions
190, 192,5 r egrRRt3iReq w@lmrw@rreactmmt@rmmectme ljeta dssdmsly i ng 218

whi ch furtrmﬁc$m FSESin the rectangul ar portion upward, keeping the

rin % constant engagenment with the end of the
Rﬁgggﬂgger 214bea ﬁb 1{2 adapted for méhn ing on the harrel reactor

in fluid communication with the supply of reactant gas
for selectively delivering a jet of reactant gas from the

10 reactant gas supply to the reaction chamber for
performing the chemical vapor deposition process in the
reaction chamber, the nozzle being pivotable relative to
the barrel reactor for selectively altering the direction
in which the reactant gas jet enters the reaction

15 chamber; and

a positioning device connected to the nozzle for

pivoting the nozzle relative to the barrel reactor to
alter the direction in which the reactant gas jet enters
the reaction chamber, the positioning device being

20 constructed to permit quantitative measurement of the
position of the nozzle relative to the barrel reactor
'thereby permitting reproducible aiming of the nozzle for
selecting the direction in which the reactant gas jet
enters the reaction chamber

2. A jet assembly as set forth in claim 1 wherein
the positioning device is constructed to provide
numerical values related to the position of the nozzle
relative to the barrel reactor.

3. A jet assembly as set forth in claim 1 further
comprising a connector connected to the nozzle and
positioning device for pivoting the nozzle in response to
movements of the positioning device.



_The second—microneter, generally indicated at 214, Is also a

conventi onal vernier m cronmeter having a screw 220 whi ch nay be

rot at ed W|t MI’, MiMﬂ y turning a knob 224 to extend or retract
the screw fr Hé Ver ni er graduations 226, 228 on the knob and
casi ng, respectl I oermt precise quantitative measurenent of

the screw 220 position relative to the %9S|ng 222. It is " envi si oned

that other types of mcroneters and/ or * actuators such as digital

el ectronic nlcrone ers étbe %g ubsg tué g g@ the nuahE an flrst
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t he guide rods 204 o erate tQ nove t he rectangul ar portion 192 upward

when the secoh® EPer &A&BLr @835 214 is turned to retract the screw 220
wi thin the casing 222. Thus it may be seen that very precise pivoting

of the nozzle_60 Ln.a,vertic pl.ane_iscachjeved turnj . t he
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nozzl es 60 and therefore the direction |n whi gas j ets enter
the reacti on ERERHEr Unif bgjnge coppgsted b9 FbﬁnbﬁﬁréécﬁeaCtoroftPﬁe
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second plane to pivot the nozzle about the first axis.

~ 6. A jet assembly as set forth in claim 5 wherein
the stage includes at least one micrometer for
determining the position of the connector relative to
barrel reactor for reproducibly ascertaining the
5 direction in which the reactant gas jet enters the
reaction chamber.

7. A jet assembly for delivering reactant gas from
a supply thereof to a reaction chamber of a barrel
reactor during a chemical vapor deposition process for
depositing a material onto a semiconductor wafer

5 contained within the reaction chamber, the jet assembly
comprising:

a nozzle adapted for mounting on the barrel reactor
in £luid communication with the supply of reactant gas
for selectively delivering a jet of reactant gas from the

10 reactant gas supply to the reaction chamber for
performing the chemical vapor deposition process in the
reaction chamber, the nozzle being pivotable relative to



.35' second mcroneter 214 may be adjusted to vertically nove t he
' secOnd unit 142 relative to the table 146 to pivot

vozzt e JUMNTIRBRIRANAD, 50crc: "6, "corerni ng meverents - "ot The irs:

and secorid $lider"units 140, 142, the nozzle 60 may be ained toward a
target anywhere (within the 5 range of nmotion of the nozzle and slider
units) in a pl ane perpendi cul ar to2Phe centerline of the cavity 50.

Bot h of these nozzle adjustnents affect,the intra-waf apd i nter-wafer
uniformty oftPﬁebﬁﬁFéil EPaCRPEKARQUL | higst anqgSerely ﬂ*?%c? on al ong the
suscept or 34.rBeseien,t bhelBecohdr arts ebeindg chemleral hyupérpendidtlat8s,

226, 228, _.the oghti s _repeat ecy t .
20 2 o SoBORFBR kel CRERL U £ BNV o8 2B BAOLERL BirblEson
nozzl es 60 arenpwhpahedh&ordabtaet gas jehcenbergathénreachioneacti on
chanber 14 of ﬁBP rreI reactor. Reactant gas enters each nozzle

housi ng aSSe y through the inlet port 100 and_travels through t he
orifice 126 and i neoconaeckper gannpassdgbo1blle mpzzle apdzexkendiBgrect s

the gas into Lhewheaty awayNErbar thd i‘éactloﬁ a:ﬁambzhefbet §1<rbeszh§aehe
nozzle collide at_poiin eally to elimnate t

ci rcunf ef@nt | BPzzle V@h@&ﬁ?? ESnﬁbgehFérﬁ Fﬁ% BFslﬁhﬁﬁSPﬁBSFeFonass fl ow

movement of the connector; and
a multi-axis stage disposed outside the reaction
chamber when the nozzle is mounted on the barrel reactor,
the stage including first and second slider units, the
25 first unit being connected to the connector and the
second unit being connected to the barrel reactor, the
first unit permitting the connector to move relative to
the barrel reactor in a first plane to pivot the nozzle
about the second axis, the second unit permitting the
30 connector to move relative to the barrel reactor in a
second plane to pivot the nozzle about the first axis.

8. A jet assembly as set forth in claim 7 wherein
the stage includes at least one micrometer for
determining the position of the connector relative to
barrel reactor for reproducibly ascertaining the

5 direction in which the reactant gas jet enters the
reaction chamber.

9. A method of optimally aiming a nozzle of a
barrel reactor for depositing material on a semiconductor
wafer contained within the reactor by a chemical vapor
deposition process, the method comprising the steps of:

5 aiming the nozzle toward a first target site within
the barrel reactor;
-pivoting the nozzle a predetermined amount to direct
the nozzle toward a second target site spaced from the
first target site; and



. \
_rates amuﬁmual . The gas thoroughly m xes before travelling generally
* T

downwa uwmumumsceptor 34 and the inside wall of the reaction
chanbe ARl exposed -faces of the wafers Wheld in the

suscept or. To periodically calibrate the apparatus, a target
grid simlar to that used for the prior art method of al i gnnment
described in the Background of the Invention is installed in the

reaction chanber 14 where the jets 30 2dhoul d ideally be directed. A

t ubul i nt t ._sh i I i nst al | t d of t

nossl o 0in o "Rresprind ERP fLeancs heCwEes chbfFirabiatd]sdtopd®

adj usted untitatrgetpsitesrtherebygbedeatabliske aecoakiboation factarget on

the target ofbdrPlfat bigPshhi8 Rolbnlhe €3 af 82BEGhELCHALAUR! EQRPLAES,
n recorded.

188, 226, 228 are rea en mcroneter I's adjusted to
align the and desired reactant gas delivery sitgs. pointer with a

second target point |ocated a predeterm ned distance (e.g., 5 mm to
the right or.left of the center target pojng ang t he _graduati on

posi tions 186, 1988 Fpe mghbRdr 88gsghatPEER BACIAER Pafnytherni cromet er
174 is adjust@emFgggihg the seapsrofarget position and mcroneter 214
is adjusted to a t he

pr edet er m ned Igﬂ??&ﬁgetBngég%gia%%%gtgftg@%%ﬁéﬁLge§8§$éggéégggiego?nt
cycle with the nozzle aimed toward a first reactant gas
5 delivery site;
determining the distance between the first delivery
site and a second reactant gas delivery site providing
optimized material deposition;
pivoting the nozzle an amount equal to the
10 determined distance between the first and second reactant

gas delivery sites multiplied by the calibration factor.



and the graduation positions 226, 228 are read and 10 recorded. A
correlation factor between the nozzle grid position and the m croneter
readi ngs may be cal cul ated so that nozzle novenent nay be precisely
correlated to m croneter extension and retraction. For exanple, if the
first mcroneter 174 is noved ten units when the pointer 15 travels two
target grid units, then the mcroneter is noved five units for every
grid unit of desired nozzle travel 22n the plane of the target. In this
manner, the operator can use conventional grid units in a correlation
formula to obtain mcroneter settings. 20 Once the calibration is
performed, re-calibration is not required until equi pnent changes,
such as repl acenent of the reaction chanber 20, are nmade. Therefore,
t he operator can sinply check the mcronmeter settings to verify
jet location without opening the reactor 10 and 25 installing the target
?le and p0|nsq£s.. Atp ' K54S : .ff”ﬁiﬁﬁﬁifﬁﬁﬂa%0§5W@ Iz &hanges
position 6 ot e
reaction chanber. Due to the Iong connector | ength and fine
adj ustnment available with the mcroneters, very accurate 30 and repeatable
nozzl e adj ustaestsacsyobethadbiscIbeure apparatus elimnates the delicate
nozzl e al i gnment procedure described in the Background of the
| nventi on and the attendant opportunity for operator error.
Because the nozzl eAajiptisageatnbdyefonodel ivetimgpreachahy §68s dremssenbl i ng
the jet asSen@%aeéagt;gasvsﬁsﬁuwtang barre 8ULEkb¥oRerREEE 26REENALRRY

tinme, cau5|ng ess .
during a chemical vapor deposition process. The jet

5 assembly comprises a nozzle and a positioning device.
The nozzle is adapted for mounting on the barrel reactor
in fluid communication with the supply of reactant gas
for selectively delivering a jet of reactant gas from the
supply to the reaction chamber. The nozzle is pivotable
10 relative to the barrel reactor for selectively altering
the direction in which the reactant gas jet enters the
-xeaction chamber. The positioning device is connected to
the nozzle for pivoting the nozzle relative to the barrel
reactor to alter the direction in which the reactant gas
15 jet enters the reaction chamber. The positioning device
is constructed to permit quantitative measurement of the
position of the nozzle relative to the barrel reactor
thereby permitting reproducible aiming of the nozzle for
gselecting the direction in which the reactant gas jet
- 20 enters the reaction chamber. '

FIG. 3



17 In addition, because the pointer and target need only be

I nfrequently installed and because the new procedure does not require
di sassenbly of the jet assenbly, it reduces - the opportunity for the

i ntroduction of contam nates into 5 . the reaction chanber. - I n
view of the above, it will be seen that the several objects of the

I nvention are achi eved and ot her advant ageous results attai ned.

As various changes could be nade in the above 1@/4constructions w t hout
departing fromthe scope of the invention, it is intended that al
matter contained in t he above description or shown in the acconpanyi ng
drawi ngs shall be interpreted as illustrative and not in alimting
sense. 18 VWHAT IS CLAIMED | S

1. Ajet assenbly for delivé%ﬂ%g/4eactant gas from a supply thereof to
a reaction chanber of a barre




_reabtor during a chem cal vapor deposition process for depositing a
material onto a sem conductor wafer 5 contained within the reaction

chanber, the jet assenbly conpri si ng: a nozzl e adapted for
nmounting on the barrel reactor in fluid commnication with the supply
of reactant gas for selectively delivering a jet of reactant gas from
the 10 reactant gas supply to the reaction chanber for perform ng the
chem cal vapor deposition process in zphe reaction chanber, the nozzle
bei ng pivotable relative to the barrel rea \gf. or,8el ectively altering
the direction in which the reactant gas j:—‘ﬁgters the reaction 15
chanber; and - a positionin? 2evice gted to the nozzle for

04 N _tollb alter the

thgsr acti on chanber,
perm t antitative

pi voting the nozzle relatjve to the Yel N
direction in mhiché?%g Bg%ctant gas je
t he positioning devi ing 20 con,ﬁagf*?‘

nmeasur enent of the position of thet4 Felative to the barre

react or t hereby permtting reprodud t he nozzle for
selecting the direction in which the réf%y, gas | et enters the
reaction chanber. 2. 4% et ‘ﬁ’ bly as set forth in claiml
wher ei n the positioning device is %y; rucg€d to provide numer i cal
val ues related to the position o ZF\QoLZIe relative to the barrel
react or. 3. A jet assentfnyds set forthdndd aim 1 further
conprising a connector gohnected tg4i¥e nozzl e and posi tioni ng devi ce
for pivoting the nozz¥e in re335»%§='?:f-==&vv--nts of ™Qe positioning
devi ce.

g ||||'

/4




19 ° Mssenbly as set forth in claim3 wherein t he
posit devi ce cot{rprl ses a multiple axis st age adapted to pivot the

hy about first and

"
L

nozzl e g.tawsn e barrel . r e n

secoryis e ot ation, the secp gagﬁ%ﬁdgﬁ] 3’3 neral |y perpendi cul ar
to the m\ 5. A jlet_asBERKAGEDhs seq forth in claim4
mherel e stage I ncl udes first and second slider units, the first

unit being connected to the c8dAector and tkg second @it being
connected to the barrel reactor, the 5 fid3t ®ni\t per ting the

connector to nove relative to the rel\re\act a\first plane to

pi vot the nozzle about the s%ct&\d\a the se ft permtting the
connector to nove relative to rref\F G 4 seco@ pl ane to
pi vot the nozzle about the fdg ¥t \axi %se ly as set

forth in claim5 wherein Wt he S

determ ning the position of Rhe
for reproducibly ascertaini ng\hk

eym crorreter for

j] ’ ?lr Nieactor
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5 “direct IW he reactant gas jet enters the reaction chanber.

" 7. Ajet—assenbly for delivering reactant gas from a supply thereof to

a re%gglga}ﬁhmrbnepm{%d a barrel reactor during a chenical vapor

depos depositing a material onto a sem conductor wafer
mm“ the reaction chanber, the jet assenbly

corrprl a nozzl e adapted for nounti ng on the barrel reactor

in fluid conmunication with the supply of for selectively

delivering a jet of reactant gas fré#atth TmS(JSl-FEﬁEﬁ' %FEE]N& supply to the

reaction chanber for performng the DSi tion process

in the reacti on chanber, the nozzle being pivotable relative to

20 the barrel reactor about first and second axes of rotation, the

second axis being generally perpendicular 15 to the first axis, for

selectively altering the direction in V\:hl Eét he reactant gas j et

enters the reaction chanber; connected to the
nozzl e and extendi ng out var dl y away fromt |on chanber for

pi voting the fZ/a
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20 nozzle'refatlve to the barrel reactdr rn’response fot
t ve corinect or; -and’ a nulti-axis stage dlsposed outs
reacti.on chanber when the nozzle is nounted on the barre
t he stage including first and second slider units, the 25 f
bei ng connected to the connector and the second uni t bei
to the barrel reactor, the first unit permtting the co
relative to the barrel reactor in a first plane to pivot
about the second axis, the secgpg unit permttingithe 30 gcc

OV et o f

ide the

NENT SHEET
ngl connect ed

nect 310 JONMOR
tihe: nozzl e
nnector to

plyof the

nove rel ative to'the barrel reactor I n ay \Ssg§o d planestc

nozzl e about the first axis. \rwﬁ ] ssenbl y; as set forth in
claim7 wherein the stage i Ii@ B oheter for
determ ning the position of the cen cton\ redative [OUE barr react or
for reproduci bly ascertainin t@e &r tiopd LT/t he tant gas
jet enters the reaction%# ' a§of optimally
aimng a nozzle of a baryrel\re or f L_@%posﬁ?ln on a
sem conduct or ‘waf er contane i n t _—?eactor vapor
deposition process, the nethod ri € &L Nalntng
the nozzle toward a first Rarg — ea or;
pi voting the nozzle a prelet I ned af@unt_tjo_dif H_IF e toward
a second target site space rom-t Ty T arnc
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e T T e e e o e e T A L T
7 RS {0 et 11 Y- YV A Mg ¢ tHE A St ARcE batween the first and second

tdfget’ sites thereby to establish a calibration factor correl ating
nozzle novenent to a distance between current and deg} I e &S
delivery sites. 10. The method as set forth irikgﬁgA@Mr DHEE
conprising the steps of: running the barrel rea¢t¢r through a |
deposition cycle with the nozzle ainmed toward a fir st egLHaUN Y P
“delivery site; determ ning the di stance betweenjthe first

del i very site and a second reactant gas delivery site¢ provretng

optim zed material deposition; 4/4 pivoting the nozgl e an anount

equal to the 10 determ ned di stance between the first and second reactant
gas delivery sites nultiplied by the calibration factor.
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