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SHOWERHEAD FOR A GAS SUPPLY APPARATUS BACKGROUND OF
THE I NVENTI ON 1. FIELD OF THE | NVENTI ON The present
invention relates to a showerhead for a gas supply
apparatus. 5 Il. DESCRI PTI ON OF RELATED ART There are
di fferent manufacturing apparatuses for a manufacturer
of sem conductor devi ces. In one such appar at us, the
sem conduct or wafer is su a reactio

chanber whi YROYVEHIRAHER %%S %PBBWG%P%MTH% is

positi oned over and above the wafer. The shower heads
i ncl ude a body havi ng a distribution pI ate with an

outer surface mﬁo ORGAYE gogr and at
| east one |ntern gas chamber. A pI urality of holes

|sf tribution plate to the gas
changgﬁgoggfﬁ%wl%en the reactl on gas or gases
areﬁ@glledtothe hovverh 1}%@ thee ases
flo Te3qit SUGRIHEE!ateN e d § HWF a °§tar5a5 SR azgtys.
and onto the wafer. Showerheads can be used for

IL4j f f BESHRIFEION @F RELAZEDcARAuCt or processi ng. For 15

exanpl e, shower heads may be used in either a
st eatiyers bt differentivhnwiacturing apiaviduses foma manfaenlrer of semiconductor
reactant, e.g. ALD, node of operation. Regardl ess of

dévies "af &nefsueh @ Fﬁdrhﬂ@,, th tsemfcontgdtad Wiifed @6 sippoed tWidtlin a reaction
t he gas fI ow velocities be highly uniform between the

h%Hg) u? Lhbhy ghso Eﬁj@étﬁ)ﬁ%@ﬂ%lh he tl%he& QveY hd! above the
undesira Ie e uc as

ects as excessi ve
rt.icle,.fo
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positioned above the wafer and at least one internal gas chamber.

A plurality of holes is formed through the distribution plate to the gas chamber.
Consequently, when the reaction gas or gases are supplied to the showerhead chamber,
these gases flow out through the holes in the distribution plate and onto the wafer.

Showerheads can be used for different methods of semiconductor processing. For
example, showerheads may be used in either a steady-state condition, e.g. CVD, or a
pulsed reactant, e.g. ALD, mode of operation. Regardless of the mode of operation, it is
usually desirable that the gas flow velocities be highly uniform between the showerhead
distribution plate and the wafer to avoid undesirable effects such as excessive gas phase
reaction that can lead to particle formation or heavy powdering on the surface of the
showerhead.

Both of these adverse effects, particle formation or powdering on the surface of the
showerhead, are exacerbated by turbulence and central air recirculation of the gas above
the wafer. Furthermore, the presence of recirculation indicates a lack of control over the

gas residence time and undesirable particle-forming reactions can occur. Furthermore, in
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Both of these adverse effects, particle formation or
powderi ng on the surface of the showerhead, are
exacer bated by turbul ence and central air
recircul ation of the gas above the wafer.
Furthernore, the presence of recirculation indicates a
| ack of control over the gas residence tine and
undesi.rabl e particle-form ng reactions can,occy
s SRUSRIHEOT PFPCeSSTTE, SEUALORE b itiBESE 3P %P@c@g%qt rggpingement of the

situations, it is best to avoid direct inpingenent of

‘ gascﬁefrog:awb showerhead holshente the wafan airier do infermixingayith the gas flow

prior to intermxing with the gas flow from adjacent
frivaladmeentihelepr evi ousl y known shower heads are typically
perforated by small dianeter 5 holes that may

reStTh&bretvﬂﬁls@a%é\*/ﬁ\/yﬁwéﬂhbﬁse%' typically iRt fdrated by small diameter
essentially equal gas flow from each outlet hole.

hol-[%eﬁlﬁtg ﬁ{gge}estﬂb@ﬁgtﬁ% ity lﬁhcgﬁl!l o gl‘é‘? fltlalf)?@qlfa?%% flow from

oclty etso gas e rom t

cohh HEGRIRDE ) TRl PREIRT RBCeHBlEr ??8@3‘5%2?’&”% in bigh-velocity
o Aty BT OGNS 480 oy BF WRUer, ek s high-velociy

wth the gas flow from adjacent holes. 10 This, in

flowafrom tleenshyereercar diolgss theegasexc fom ¢ash shewesheod hhlmmtm andesirably
reacti on chanber through forced convection.

infpidpeassihk Wwaferwlairfaoe peor wointkrixing with ubd gassfléw Eroht adyacent holes.
rates, |low pressures, |large showerhead to wafer

THS, Shohe® @RdgdnRfatd ighe ,redilféﬁlagaﬁ Q1l{ FAtRIA e $&0Bon chamber through
showerhéad interm x Wit he gases from adj acent

fotE%h$8n¢,& ikhe shower head to forma substantially
orm ront 15 of gas flow onto the wafer in a

desi (Eglgve;s%?y, "undér other conditions, such as low flow rates, low pressures, large

showerhead to wafer distance and the like, the gases from the same showerhead intermix
with the gases from adjacent holes in the showerhead to form a substantially uniform front
of gas flow onto the wafer in a desired fashion.

Each showerhead has its own design specifications. These specifications include
not only the diameter of the holes flowing through the showerhead, but also the spacing of
the holes relative to each other. However, due to the nature of the gas flow dynamics
through the holes in the showerhead, the showerhead design that is acceptable for one

process condition may be entirely unacceptable for other processing conditions,

SUMMARY OF THE PRESENT INVENTION
The present invention provides a showerhead for a gas supply apparatus of the type
used in semiconductor processing which overcomes the above-mentioned disadvantages of

the previously known showerheads.
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Each showerhead has its own design specifications.
These specifications include not only the dianeter of
the holes flowi ng through the showerhead, but also the
spacing of the holes relative to each other. However,
due to the nature of the gas flow dynam cs through
the holes in the showerhead, the showerhead design

that_is .acceptable fo n 20 process condit.ion .
be etk Prich %, sBEVEREaH 0L e PresehcinGRERE SOMREses a body having a
condi tions. SUMVARY OF THE PRESENT | NVENTI ON The.
digiributden platpvanranesiden ridhlpase snagasirbambercs gontained witin the body.
supply apparatus of the type wused in sem conductor
pr ocAgdumbityvdfi tolescexéandaroemaliy froabay euteeswrfape efl the distribution plate
di sadvant ages of the previously known showerheads. 2

tolthe Blidrfer forngedSwidia theBolyodf thb Shaweheud! FuRtherhore)at least a portion
conprises a body having a distribution plate on one

ofSt §Bist cﬁ‘fepl'{o?@,‘ d pri: r?'@l gﬁhﬁm?fs &%t&eﬁ%ﬁ: IPEH?IW A1 thk RBrmal axis

(5]
body. A plurality o es ext nor ma rom an

er. surface.of the di,stribution plate,. t e
R e s e A ober mRliisroBe B8 SaindsB rgper surtace of the
JFurthernore, at least a portion 5 of at |east one
digtgputionplaten et erably al| hol es, is frustoconical in
shape along the normal axis with the base of the

f r usThecnsteconicab skapepdshe holpein the shewerbpad-digtributien plate enhances

outer surface of the distribution plate. The
thé intetntiz mgi ofahe gisep ronf edch doleowith thengasbefreinahe atpacht holes in high
distribution plate enhances the interm xing of the

PrORERS appIRAGAC N THH, einWukd] MBS esr bt Rkt Rduael @felikelihood of
holes 1'n high 10 pressure applications. This, in

infpiidbment Bf HeZfSeHrolany &Rl hALYE AR MG ettetElon O Brddbssed wafer

during high-pressure/high-velocity applications.

BRIEF DESCRIPTION OF THE DRAWING

A better understanding of the present invention will be had upon reference to the
following detailed description when read in conjunction with the accompanying drawings,
wherein like reference characters refer to like parts throughout the several views, and in
which:

FIG. 1 is a side diagrammatic view illustrating a preferred embodiment of the
showerhead of the present invention in a gas reaction device;

FIG. 2 is a fragmentary sectional view taken along circle 2-2 in FIG. 1 and enlarged
for clarity;

FIG. 3 is a fragmentary plan view taken along line 3-3 in FIG. 2;

FIG. 4 is a view similar to FIG. 2, but illustrating a modification thereof;,
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I mpi ngenent of the gases fromany single hole in the
shower head on the processed wafer during

hi gh- pressure/ hi gh-vel ocity applications. BRI EF
DESCRI PTI ON OF THE DRAW NG A better understandi ng of
the present invention will be had upon reference to
t he 15 foll owi ng detailed description when read in

conj 4 on W th.t raw ngs,. wherein, X
s CER RN % R R afther modification thereof;
throughout the several views, and in which: FIG 1 is
side diagranmatic view illustrating a preferred

enbodi mrent of the showerhead of the present invention

i n aFi§as is edmpmentadeplas ejew2@kéi ﬁonglihs&ﬁ ihFdGRent ary
sectional view taken along circle 2-2 in FIG 1 and

enlarged for clarity;, FIG 3 is a fragmentary pl an

5 e

illustrating a further nodification thereof; and FIG
6 i sWithfrefeganen fisstyo FlGnl.\a wasticaidsvicgl ofitbe Hpaaisel Brisgmiconductor
FIGS. 5. DETAILED DESCRI PTI ON OF A PREFERRED 5

proddGby MANTstfFedldHegremRnBRball Y, NREeNeviod 10fintludesfareactiva chamber 12 in
first to FIG 1, a reaction device of the type used

whieh aSRHicoPaast6E Yhfer 14 is supported. A showerhead 16 is also positioned within

the reaction chamber 12 and includes a distribution plate 18 positioned away from but
generally parallel to the wafer 14.

At least one, and oftentimes two or more, reaction gas supplies 20 are fluidly
connected to manifolds contained within the showerhead 16. These manifolds in turn form
gas chambers for the reaction gas 20.

With reference now particularly to FIGS. 2 and 3, the showerhead 16 includes a body
24 having a lower distribution plate with the outer lower surface 18. The gas chamber 22 is
formed within the body 24 and clearly connected by conventional means to one or more
reaction gas sources 20.

A plurality of spaced holes 28 is formed normally along a normal axis 30 through the
distribution plate 26 from the outer surface 18 and to the gas chamber 22. At least one, and
preferably all, of the holes 28 are frustoconical in shape along the normal axis 30 with the
base of each hole 28 positioned adjacent the outer surface 18 of the distribution plate 26.
Optionally, the holes 28" may be frustopyramidal in shape as shown in FIGS. 5 and 6 to

minimize the surface area of the outer surface of the plate 18.
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processing is illustrated diagrammatically. The device

10 includes a reaction chanber 12 in which a

sem conductor wafer 14 is supported. A showerhead 16

is also positioned within the reaction chanber 12 and

includes a distribution plate 18 positioned away from

but 10 generally parallel to the wafer 14. At |east

one, d of tent.i reacti as _supplie .

20 ah8 bFIt GV in Ffinectach hols AEin 5pgced B Having 45 ase 32 aligned
W thin the showerhead 16. These manifolds in turn form

wijla shecontapautace dB of the disaibutiomplytes2®@and ity apex; efearte thereaction gas
now particularly to FIGS. 2 and 3, the showerhead 16

chHambleri2(2 sHawbogty othdiscoddigivatibmgara alternetivedy possitidbeit i on
plate with the outer |ower surface 18. The gas chanber
22 ipor &HQhipRs] 441 dhBivel B o Yeadld hoR2E |l igdlndes & FRBRGEEEal central
by conventional means to one or nnre reaction gas

poritol §& %mﬁprl d?hﬂ«jlﬁe’a?lségt n%6 &9@8%# s’%%ohléalf SUrtiBS 34 with the

normal |y along a norma axi s roug t he
di.stribut th Uit
repifibh g il 2 g ﬁ'w%m%n 303%3%%6 Sy fopnbeting the
all, of the holes 28 are fr copi Cc i,n shape
frystpeopisahrartion 34 with thy errtﬁhﬁj Stgbe isevorion piase26. Clnsequenty
posi tioned adjacent the outer surface 18 of the
it ioghyinegessaryithas b powion ©f thedplei 28hbe frystocohisallinskape 28"  may
be frustopyram dal in shape as shown in FIGS. 5 and 6

to Imi praotice thédnstocbacsl ar daiswbytahddaughape sufr thackoled 28 in the
the plate 18. 4 As best shown in FIG 2, each hole 28

shoSvettehd! Alstrduien S%t@ 2% iefSurkd tdtASEnS df Thd g&seéi withi th8 gakl€low from

outer surface 18 of the di strlbutlon plate 26 and its

adfdiEdt HRE VR i H@h—pﬁéﬁgﬁﬂe APpi&Ations. As such, direct impingement of the gases

from any single showerhead hole 28 is avoided, thus minimizing gas recirculation within the
reaction chamber 12.

Such intermixing of the gases from each hole 28 with the gases from the adjacent
hole prior to impingement on the wafer 14 is also accomplished in low-pressure applications.
Consequently, the showerhead 16 of the present invention may be utilized in a variety of
different applications and processing modes without the previously known undesirable direct
impingement of the gases from any individual holes onto the wafer 14 and the resulting
undesirable recirculation of gases within the reaction chamber 12,

From the foregoing, it can be seen that the present invention provides a showerhead
gas distribution manifold for use in semiconductor processing which overcomes the
disadvantages of the previously known showerhead gas distribution manifolds. Having

described my invention, however, many modifications thereto will become apparent to those



chanber 22. However, other configurations are

al ternatively possible. For exanple, as shown in FIG
4, each hole 28" includes a frustoconical central 5
portion 34 with a cylindrical section 36 connecting
the frustoconical portion 34 with the reaction gas
chanber 22 and a further cylindrical portion 38

sl 5 %1‘%2@?\7‘5%@2% ains i SBVEG O b ADET 96 1he ihventon as

dafmed by

Cbnsequently, 'S onI _necessary that a portion of
th§sgg)eogg1efapg§1d5@ Il in shape. In practice,
the frustoconical or fiustopyram dal shape of the

hol ekcl@srin the 10 showerhead distribution plate 26
ensures intermxing of the gases with the gas fl ow
from adjacent holes even in high-pressure
applications. As such, direct inpingenent of the gases
fromany single showerhead hole 28 is avoi ded, thus
m nimzing gas recirculation wthin the reaction
chanmber 12. Such interm xing of the gases from each
hole 28 with the gases fromthe adjacent 15 hole
prior to inpingenent on the wafer 14 is al so
acconplished in | ow pressure applications.
Consequently, the showerhead 16 of the present
invention may be utilized in a variety of different
appl i cations and processi ng nodes wi thout the

previ ously known undesirable direct inpingenent of
the gases from any individual holes onto the wafer 14
and the resulting undesirable recirculation of gases
within the reaction chanber 12. 20 From the foregoing,
it can be seen that the present invention provides a
showerhead gas distribution manifold for use in

sem conduct or processi ng whi ch overcones the

di sadvant ages of the previously known shower head gas
di stribution manifolds. Having
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descri bed ny invention, however, many nodifications

thereto will becone apparent to those 5 skilled in

the art to which it pertains wthout deviation from

the spirit of the invention as defined by the scope

of the appended clains. | claim 6 CLAIMS 1 1. A

shower head for a gas supply apparatus conprising: 2 a

body having a distribution&ﬁkﬁ§ﬁ$on one side, 3 at

| east one chanber containe n said body, 4 a

plurality of holes extending normally froman outer

surfhce of sbawerhgadsior pigas supply Sperafscomprisiigd at | east

one chanber, 6 wherein at |east a portion of at |east

one @dbodydiatitipa distribstién platecooorieside, i n shape 7 al ong

said normal axis with a base of the frustoconical hole

posi dtil@Reshexthatbentonsahel Withi@lsaidbody, f ace of said

distribution plate. 1 2. The invention as defined in

cl ai @i j | S3s: s ST

pl urd;})lilitra)eﬁgf&slf gllcg q‘;'ﬁ((%lnglsn.g 1 3‘.;‘11@@1?%\1/2)#?2? on aétegfa?alg% géf tribution

] ' j ai d base of the frustoconical 2
Iﬂﬂ%fégﬁgg%%ﬁgﬁgég%#W%”Said outer surface of said

gb;;\{/l‘ggu’t ! :gtgﬁ%ll iqtasgtﬂ‘a'%n %'f atAlg’aEP \cly\ﬁer g? %gidflgorlesaisggﬁstgc%%%a}/ in shape

along said normal axis with a base of the frustoconical hole positioned adjacent said outer

surface of said distribution plate.

2. The invention as defined in claim 1 wherein said at least one hole comprises
a plurality of said holes.
3. The invention as defined in claim 1 wherein said base of the frustoconical

hole is aligned with said outer surface of said distribution plate.

4, A showerhead for a gas supply apparatus comprising:

a body having a distribution plate on one side,

at least one chamber contained within said body,

a plurality of holes extending normally from an outer surface of said distribution
plate to said at least one chamber,

wherein at least a portion of at least one of said holes is frustopyramidal in shape
along said normal axis with a base of the frustopyramidal hole positioned adjacent said

outer surface of said distribution plate.
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2 a body having a distribution plate on one side, 3 at
| east one chanber contained within said body, 4 a
plurality of holes extending normally from an outer
surface of said distribution 5 plate to said at |east
one chanber, 6 wherein at |east a portion of at |east
one of said holes is frustopyranidal in shape 7 along

sald nor axis.wth bse af frust ram da .
ol &5-posi oot sxdefpeCiiuim Sherein S RIeET ohe bale gomprises
di stribution plate. 7 1 5. The invention as defined in

a plugglity of sgibh@lPh said at | east one hole conprises 2 a
plurality of said holes. 1 6. The invention as defined
in claim4 wherein said base of the 2 frustopyram dal
hole is aligned with said outer surface of said

di sté.i butTleen ipvéitdn &s defined in claim 4 wherein said base of the

frustopyramidal hole is aligned with said outer surface of said distribution plate.




