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he comples oxides ane com-

poumsds of two or mone nsetals wd

xygen. Many of these meterials
hisvie unique and valushle properties.
including  ferroelectric, phomneliectne,
pymlectric and electro-optic behavior
Their clectrical properties can include
insulming. seamiconducting. .L||||.Ju._-r|:||..=-
and even superconducting  behavior,
There & rapsdly growing imtenest o oo
duce thin fibms of comples oxides for
.|r|||||.':u1|-.‘-|| I SeRss, micmelectminics,
MEMS, optics amd electro-optic deviees.
Talde | lists soume k\hlulh.:-gu.':l.ll_l. impr-
fanl onide muberials (hat have been inves
tigaged b the uthors, along with their
respective oppications. See Heference |1
lor farther information on complex, oxides
sl theei properties ind applications

[Pepositing thin filims of the complex
onsdes, with the necessary control o
eomposition and properties, presenis
TRy i \||:|!I|.'|'\.|__';"\. Because ol thisir
compley composition, we ol only pesd
o mainkam proper oy pen stodchiomenry,
at also the proper mto of metal comipo
nesits, Hecmise of the apphcabons thut
these muterinls mre gsed i, we need o
precisely controd thickness, unilionmity,
crystallmity and crystul orentation of the
films. Im this paper, we describe these
challesiges, and how they are men using 4
metal onganic chemical vapor deposition
(MY system desizned specifically
for complex oxide tin films
Chemical vapor deposition (CYI1)

generally mefers o thin film deposition
rosesses for which the source materials
wre pircshkiced m the form of s
These puseous source mterly underzn
chemical reuctions in the process of
Forming u coating. MOCWTY s 0 subse of
OV, Tor which the source nmterials are
mict] organic compounds. Fumhier infior-
miiohi on OVD amd MOCYD can be
foamnd in references [2<4]. The other
muiper gibegory of thin flm deposition
techniguies are knowe s physical vigpos
deposition (FVD) processes. PVD gen-
erlly mefers 1o processes for which the
wource muterids are immhced in e
form of sulids, These sobid sources unier-
go primanily physicnd changes i the
process of foaning o ooating. Examples
of PYD processes include ST,
evapormtion anid leer ahlation



Tabke L Expmples of Technodogically Important Oxide Materials,

End Use

Example Materials

High dielectric consant matenals

BaTIO, ¢TI0, By, 5r,, TIC, 2rD, HIC,

D 2e0, doped ZnG

$08),Ta, 0. FO{Zr,Ti, ) O, CetinO),
I'.lhlﬂ dnmd Zn
VBa,Cu,,

Licao,

A}._C:,“ .

The most often cited sdvantage of
tsing OV is the abality 1o deposit thin
films combormul 1y, onter faree dimension-
al ohjects or over wopoegraphy on plunr
subetrdes. However, there aee mumy
ather significant advantages: of CWD
tand i particulir MOCYD) 0 deposit
thin [ilms of the echnokogicslly impar-
Lt complex oxides, MOCVE s a very
flexable technigue, capable of scvonmimo-
duting o wide ronge of subsirsae shapes
anil siees, aeowell s 0 vanery of thin (im
eompesations. MOCVD can produce a
wanety of device stroctures,  mcleding
lovers with abrup inferfaces or grded
compositicn profiles, on e sk sub-
strade el oflen in the <ame process mn,
MOCVD s readily “scalesble 1o large
arca subsrgates amd 1o high volume pro-
duction. Wit sudeably engineensd depo-
stiion hurdware, MOCYD cun provide

excellent contrd of film compesition,
structure, erystal testure and  interface
chemistry.
Mietal Ohvgmic Precursors

CVID wsing inormnic sources is lmil-
e 1o small mnge of film compositions,
due vy the Himvined svailability of volatile
siurce meateriabs, Several of the group 1V
and group ¥ hydrides are gases at moom
temperature, wnd these ave enalsbed the
well knowen OV processes wsed in sili-
con based seniicomductor Librication,
Other than o few halides of the transation
metals, very few other vobatile incrganic
CVID sourves are available. Hivwever, the
use of metnl orgimic precursors hos
extended CVD technology o nearly
every element in the periadic ble, us
illustrated in Table 10, MOV precur-
sors e now commercially  availehle

from w nuniber of vendors, specifically
synthesized for greater volatility, cleaner
deposition ancd improved thermal stabil-
iy, See references [5-8] loe mose inlor
o on melal organie precursoes for
oaide maleriaks,

Medal ceznnie compounds consist of o
mtal plus an capaic g, The metal
arganic precimors wsed for MOCYD of
ouiddes typacally fll into e of three gen-
entl types, namely the bet-diketonmes,
the metsl alkoxides and the alkvimetals.
Tahle TN Gists selected propertics of sev-
cral precursors commonly  used  for
MOCYD of oxides. The beta-dikeronates
anel the metal wkoxides ane gypically low
vapor pressure Hguids or solids ot room
temmpeniure, These  materinls must be
bigitedd 0 orber to provide sufficiend
vokaliey for vapor delivery oo an
MOCYD reacsos Alse for the bela-diket-
omaibes and afkexices, the metal = in the
hesired onidition state for the intended
filrin, Hoswever, it s penerally mivisable b
provide excess oxveen flow during
BOCWD, in orcer o ensune full oxicdise
tiom of the film msd removal of oeganics,

MIMVD Reactor Design

A complete  production-worthy
MOCVD system he
MOCVD seactor, the precuror delivery

comisists ol

Tntale L. Periodic Tabrke of e Elements. ithesemating the rnge of thin filin composition that can be prcduced by MOCYD, Thin film compe-
siliins comtaining the elemenss desplaved in yellow une compatible with MOV technobogy. Thin Bl compasstioas contaming the elements
drspliyed i preen have been demonsirated in tbe authisr's Labamiory,
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Table NL Examples of s commonly used metul organic precursoes and selecbed prog-
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systen, the process comtol - system, e
vacimsm parmping system and the exhost
treatment system. In this amicle, we will
prinsarily discoss the MOCYD pactor
il the precurder delivery sysicmi. The
optimmm reactor design is the one that
provwides the best comred of the deposhied
film propertees, amd meets the structumal
reguitrerments of the devioe being built, In
choosing the appropeiste reactor design,
we st first comsider the overll kinetics
of the CVD resctions involved. Low
pressure CVD s dypically done under
lamminer Mo conditions. A thin boundary
luver i presant near the surfoce of the
prowing film, where the pas velocity is
nearly stagmand, The mse of than film
orovwth will be governesd by the slowest
step m the overall deposition process.
Two limiting cases are possible: either o
chemical segcibon i the surfsce of the
growing Hm or diffusicn of some
species poross  the  boundory  laver
Figure 1 illusirsies the typical depen-
dence of deposilion e on fempenitune
obtrerved donng VL The figure shows
the two basic regions of process kimetics.
The idats on the low empenine (right
side) of Figure | imbicale “reaction Limie-
ed” CVD kinetics. The data on the high
temperature (left side) of Flgure 1 bdi-
cate “diffision limaed” CVD kinetics.
Aldwisigh tus is o vast over-simplifica-
tion of o very complicated process. it is
nonctheless & very  powerlisl ool for
understanting how CVD reactor design
will affect overll process resulis.
Resction limited CVD Kingtics: ane
gencrally ohserved for low semperatures,
bowe: pressures andfor low sticking cosffi-

Vircimm Terdmedogy o Coareg = May ik

mcrenses exponentizlly with temperaune,
achseving wniform substrge femperaiun:
I inperative for achieving imform Gim
thickness, The folkwing simple calouls-
o illustrabes this poant. Typically, sctiva-
thon epergres for MOCYD reactions mngs
fronm Lo b eV, Foran activation ener-
v of 20 eV, o sempersure voration of
24070 across o substrute will cause an 8%
difference in deposation mbe, and therefone
deposiied film thickness across the sub-
strute. Thes in order 1o schieve flm thick-
dess umiformity of 8% i (s case, we
would need o keep lemperiture variation
noross the substrate o within 20°C, The
unifoemity of gas disrbation has les of
an effect on thickness wnaformity. when
CVD kinetics are reaction limitel. Since
poecursor modecubes armive af the surface

of thee growing film faser than they react,
there is always o rendy supply of reactunis
near the film surface, Theoretically, there
sl be o resclam deplistion or “haud-
g elfiect”, s bong as the tolal feed rote is
stufficient b0 ovold starvation of the depo-
witlon nenction.

Rescton hmited CY1D processes we
typically done inoa pencrnl cluss of reac-
tors kpown as “hot-wall™ o “hot-wodl
tube" systerms. An othermsal ube s o
very pookd peomelry for achieving fom-
perbe onifoemity, It s oot g good
peometry for schieving anifom gas dis-
tribution, ‘Therefore, lot-wall wbe peac-
tors vield good thickness umiformity only
when CVIF kinetics s resction limited,
A mugor dissdvantsge of the hof-wall
resctior design is bt the resctor walls get
coated ol aboit the same mie a5 the sub-
strale, snce they are o the same mper-
dbuie. Core pedds to be taken so ot these
witll cootings do not reach  sufficient
ihisckness do begin flakbisg off and gener-
ate pasticulstes in the svsem, This means
bt @ schedule of pernodic cleaning mast
b mnimenined for o bhot-wall CVID reac-
for, i order o masitaln Jow defect densi-
ties for the deposited films.

The other main category of CVD
behavior s characierized by diffusbon
Hmited reaction kinetics, as shown m the
left side of Figure 1. Diffusion limited
CVD kineties are genemlly observed for

LOG [ Depositian Rata }

11 Tomperature | 1K)

Figure 1. Depusinon mte versus sempermine behimaor tepicaliy observed for chemical vipor
deperition. The graph indicaies the fwo regions which are usaally attribaied 1o diffusion Bmit-
wienl resctants, Since the deposition rte  ed kinetics (kefy side) and reaction limited kinetics inght side),

wi st ey oom
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high tempertures, high presares asd'or
high siicking coefficient wactanis. The
film deposition rate 15 less sensiive 1o
temperature for dilTuesion limised kinet-
jos, sinee reactand molecules are con-
sumed at the surfuce of the wrowing Glm
Juisa s st ag ahey werive. The small tem-
peratune dependence evident on e lef
sacke aof Flgure 1 is due o increasing gos
diffusivily with moressmg emperalune,
Lowal sturvation of the OV rection can
requlily occur when kinetics are in the daf-
fusion fimited regime. Uniform gas dis
tridwition i essential for obtining film
thickness uniformity for daffusicn el
kinetics, I we oy wo perform s Jiffusicn
limited O process i o tube reactor,
we will get louhing effects. A lvwer depo-
satiint e will pecor on-the downsinenm
side of the lbe, due to et depletion,
Flastircally, reactor désigns have trigd (o
compensate for s effect by decreasing
ihe cross sectional sres for gis flow along
the length of the CVD reacton The
inereased  pas velocily resulied inoa
decrensed boundary lover thicksess. The
insention was for the shoner gas diffusion
distanee o depletion
cifectsAlhough many creative desipms
Bave been put forth, wnifam film thick-
ness over resondable sieed subsagates, ina
fubse resctor, under anythimg wiber than
reaction limided kinetics, is sill very dif-
ficult to achieve. Presently, CVD b
Feilors e :|l1u|r||:.-' |||:'||.:t:,|ltc|.| Tk .\-lhg[r_'

alfsel  pas

component films for which compaosition
il thickness controd i less critiend, such
gz SEOL or LM, and for ressction: lirmigesd
CVD kinetes only,

The situation gets more comphicated for
depesition of comiples, oxide mterials. In
this case. we ane essentially doing tao or
more depositbons smullingously, Any
variation in OV conditions con case pot
only o vannticn m film thickness, bt also
i vanation in {ilm composition. Siee the
different components.of o complex oxide
ey exfibit widely varying reaction kinet-
s, we iy e doing CVD under reaction
limited kimetics for one component and
{Jir'l"l.lulln Timmted  klwerics for  aadther.
Because of the embuser's reguirements o
high deposiion mies, subsimte lempem-
tures and  gus  pressures are typically
increased. which ends 1o push the CVD
kinetics bmo e diffisson lmised mpime.
However, other constmimis mery limal the
l..‘g'pnhilil.m pn.u.ﬁeu 1y i 1|.'-|||.p.~1:|r|u'|:~:.
sich a6 peotecting device stractures
alneady on the substnse. The ideal reactor
for MOCVDY of complex oxides needs o
el films thickness and composition for
bt resactionn Bamited aod daTusion loited
CVD kinctics. This means we meed bith
encellent control of subatrale tehperline
and bughly wmform gas dastnbuton,

Figure I shoows SMI's motting-disk
MOCYD reactor desspred specificilly for
complex oxide thin films. The system is
chumcteriesd by a0 vertical cvlindrical

chamber and @ honzontal rotating sub-
stiate fodder, This design is part of 4 geni-
eral class of reactors known as “cald-
wall™ o “warmm-wall” OV systems. The
redluced will temperifunes mimmnze per-
ticulate geoeration and meduce the necd
tor periodic resctor cleaning. The svstem
is desagned for mniform thin film deposi-
ton, wrider ether reaction limited or dif-
fusion [imied CVD Kinetics. A progi-
cuwry  showerhend  design is wsed
achigve optommem distibution ol precur-
sof wapiars W the wader surface, The sub-
sirute platen s radiantly  heated  from
beloow. The heater muserial i= selected for
computibality with the process chemistry,
Substrate  wemperatine  unifommity s
enswned by using 3 mwbi-ame bealer
design with independent lemperature
measurednei snd controd for each zione,
The mtegred substrte mlationheater
assembly  futher ensores lemperature
uniformity by minimezsng man-unidfonm
Beat bsses associated with eadiation frem
the wider I..\!F:'_N and hesi conduction
doawn the subsinite plafen suppon shafi
Rottion of the substrte plites) pris-
vidhes for even greater aniformity through
o inhependent effects. Fist, ol rodation
speads areater than the thermal time con-
st af the substmte plalen (typically a
Tew | 0w of RPM ), suibstiite rolation aver
ames (b non-d formigies in heat ansfer
Tronm thee rucliint beatirs, Secimtly, al mel
mively high disk mottion speeds. the

Reactant 5

Inevl Gas Flow

Heating

la)

RETRARRR

AWML | [ AAAAAAAAR

ihj

Figure L The rotating Gale MOCVED meactor whach has been designed specifically for complix oxide thim flm depositon. (@) Schemotse ilhis-
it oo the MOCYD chmnber, mtiting disk armsnpement and shiaverhead with melal consrol of precursar fux. ) Photograph of @ commers
ciail resater priiced by Strociunsd Motoriabs Indosiries. Tne (SM1)
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Figgiare 3. Risudts of computer simislaiion of the effect of disk rogtion spead on process gus flonw. The resodts sbawwm i fof 8 5 ok ik oper-
i) o 260 Tiuy ol prossuie and {a O mpim, (b 300 o, @nd {3 750 o, Nate the absence ol gos reciroibstion abwoe (he oting dish s 750

prowess gases are drsn down 1o the desk
surface by viseous drog effects, Within a
S
rate and disk molmtion spead, very unilonm
gims Mo con be establivhad. semsa the
enslire disk surfzice [9)
fiar thiie rotging dlisk resctor desbn, which
has been used expensively Tor compound
semiconductor thin flm - depostion
When the proper operting conductions
ane e, desk mtation can eliminaie the
pus  recirculation
otserved for flow around o ststomany
bewed disk, % shown in Hgl.ll‘l." 51

i rmnge of gas pressune, gis o

This s the hisis

il 1w 1_I\.'|r|L':|'|l\.

L

| I':e-'l'l" it s distribution i & rotil-
ing disk renctor has been venified by
nunerical siroulstson | 10] as well o acti
al Noww vispaliznton (11 o5 shown in
Figure 4

Anwher sebvamtage of the horsonil
dhisk neacior gecanetry is that the waler sur-
foce is reachly avaslshle For imesitu moni-
tortng. In-silu monicoring by optical
pyremicter, apticn] thickaess monitonng
amd spectroscopic ellipsometry ane pro-
witled for b the desigm, The opbenl view
ports ane desygnesd (0 be pon-intrusive (o
the CVD process, introdiscing s peiLir-

beatiomes. b the process gas fTow o 1o the
shibwstrale temnpersiune uniformaty, Opbcal
reflectnce is o well establishsed techmigue
for in-sia memiiceing of film thickness,
Spoctroscopi; prowides
informunon on thickness and optacal
[ ol the deposiied film, mind has
been shown w be paniculurdy clfective
i st mnioring of comples oxbes
112] When monitonng mubtiple walers
by optical teclinigucs, the olservations
it b synehronized wity the nofating
stbwtribe phiben

ellipsomciny

il

Figrare 4. Ui Ao |RiE R the siarfee of u high spesd notuting

Tormmeel ai SAL (B Ace
conmmesy of Somilia National Tabomiory:

Vivewm fecfmcdlogy o Coorag = Muy 2

TH

v ceii

ik (i Beualis ol muamen.:
ol visunliEmtion msing reactive vapeirs, perfonmed in o neearch reictor

il wirmmilutson of & commiercisl MOCYD per
v Splio Mutirmal Lshorntory.  Phaskograph
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Precursor Defivery System

The hasic sequirenent for the precur
sor delivery system B o deliver the
process gas mixime o the MOCVD
regetion, with o molar composition ancd
dielivery mee that is predictable and con-
trolbable, Figure 5 shows o liquid precur-
sor “bubbler”, which 15 ene of the hasic
vapirization sources commonly used in
MOCY D, A camer gis i typically used
10 facilitabe transfor of precursor vigos
[renm dhiz hubbler b the MOCYD reactor.
The hubbler is typically placed 6 osone
type of temperone conirol apparTius
{heating or cooling) to establish 2 specif-
i vapor presaure of the precumor, Since
epuilibrim vipor pressures are exponen-
tisdly dependem on remperinge, postise
emprerabmre contrml is requined.

The evapomtion rade of & precirsor
mierial diepends unctrnally on s sur-
fice area and on the ssturstion of the
adjacent vapor. We can predict the modar
{Teva rabe of precursor vapor when o car-
rier gas is used, stating with the familiar
gits i xpisitions:

Ve
Pz P+l s
I = Nal
N-
Fim
%+ NG
i which;

Moo N = e mindir Tisw paes of the prévosor
il the G s espectivedy.

oy P = the pantinl pressures of ihe prcurer

ikl the e pin respectively withen

i hubhler:

the fstal gars pressasre witksn the

Iikhles

r

These equations can be combired o
prechict thee modar fow rate of precursor
vapir (V) o s of known sysiem
PN, i

.

Nem W) ¥
e %l

(1]

in which;

), = i ki mielar Mo rale of de
carmer gas, which is egablished by g
e o conmmollor

r, = i ininl gas pressure within the

hubhler, which is measud by o pro-

stire transificer md comnidlal by o

vl e’ vl fgither manusily or

in sutoemanio leecthack mike),

e grantisl prosanr of e prooomas;

which is calealstel ising knvn

inislaEes fist (e jurecirsir malional

il the Emoen bebdbler sempenriure,

o |
L]

A0

viemup i sned mei

KEY

TWET Mass fow controfler
@' Variabie flow valve
ﬁ Onvof valve
H VCR fting
—  Pressure transducer

Figure 5. Basic bubbler source for liquid MOCVE procursors, showing provisions for carrier

s Ao aned bubbler pressame conned,

The above equition assumes an idead
s, with no reactbons or condensation, It
5 also assumed hat afl partud pressurcs
within the bubbler are at their eqguilibeium
valwes, which meins thid the cumier gas
flow me is low enough such el near
equilibrinm conditions are achieved.

Comtrol of precursor evapomtion mie is
selatively easy for liquids, but e JiTT-
cult for solids, For metsl organic precor-
sows that are solid w the inended vapor-
O e e, o arrangement simikar
tor the hubbler shown in Flgure 5 can be
used, However, ising solid precursors
preseats several challenges in MOCVIL
As osalid precursor mass evaponies, its
size and shape will change, The surface
area ol he precursar nuss will change as
it evagorates, and thus the cvaporation rate
will drilt with e, In addition, the Now
pruth 0F carrier s through a solid charge
can change as the muatenal evapomes.
(Hien o preferentinl gas flow path o
“micrchamel” forms in the precursor
charge, As less of the precirsor surface is
expirsed o the comier gas flow, equilibii-
wm condiiions are increasisgly difficult wo
achieve in the source, and the nolar deliv-
ery e con change with time. For single
component films, these difficuliies con
resull o variation of the deposition e
with time, For mali-component films,
varisins in e film composition may
resalt, For these pecens, i i= generaltly

preferable o use lguid precursor sounces
whenever possible.

Control of carmer gas (ow rate NC ond
buibbler pressune PB ane also importan o
the overall performance of an MOCYVD
bubbler, Improperly  operased  bobblers
can resull in precursor delivery rates that
are unstable or nel neprodocible. The
effect is illustruied in Figure 6. wsing a
trunsparent bubiiler, Bubbler conditions
involving low carrier gas Mow e andior
‘high bubbler prassune couse pulses of pre-
cursor vapor, o5 cach individunl bubble
uras froan fwe lquidh For the opposite
extreme of conchitions. with high carrier
s Mow raabe ancfor Tow bubbler pressune,
exvessively  agpressive buobbling can
oceur. I Houid precursor i splished into
the dowistream pos lines, it can cmse
unexpected surges of precurss viapor as
the cxeess liguid evaporaies in the gas
lines, Either extreme of bubbler operating
conditkons cian ke conrod of film com-
paonaticn i thickness difficul.

While properly operuted bubblers work
well for sinple component proctiror,
they do net work for mulli-component
ligguids, During evapomtion of maersil
from a bubbler, we are essentially doing o
dissillagicn. [f there ase maltiple compo-
menks in the fguid. then the lowest vapor
pressure component wall be removed at o
higher rate, snd the composition of the
vapor [Tis will clunge with tme. To
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Figisre 6, Effect of camier g flow rate oo bubbler perfonmonce. The Mguros show' 8 franspr-

ent bubbler ul 106 Torr press e,
standan] aoliminute

depesit multi-component oxide films by
MOCVY, e of thiee stribegaes miust be
wsed, manely 1) ose o metl organic pre
cursor that condains . muliiple  metal
species, 1) use a sepuraicly controlled
bubbler for euch precursor, or 3) wse
Mush evaporitor precursor source, 'While
heteno-melal precursons dio exisy, they ang
i ved only avaalable for o limited namber
of mierinds, In addibon, these maierials
il i wloce the cormect film stoichiom-
ey I o marrow Finge il pICess vodndi-

RN al carrier

ais ey raates o im0 5,9 (b 50 ol () 5590

s nnd allow no flexibiliny o ocjusting
film composition, Ui amaivadual b
hlers for cach precursor s outinely done
For bath compound sermiconductior moseri-
ake and for complex oxides; Uniform
Filemes, mhugpe interfice or gricecd cormpos-
tion layers cun be deposited. by adjusting
the indnvidial melar delivery mtes acomml
ing 0 equution (1) sbove. A degree of
operalor cane s required 1o achieve the
oppropoipe delivery mie for ench materi-
ol This i best nocomplished when liguid

priecursors with sdlepale viapor pressume
mre avakleble Foreoch nuerial, which is
nil ||.|'|'...1_'. s Thie casg,

For prscunsory thit ae solid of the
indended  vaponzalion lempeniore, o
otherwine difficult i evaporie, the ree-
ominended approach s w0 w0 Nash
evipordor. SMI's compact amd efficient
Mash evapoeator source s shown in
Figure 7. Multiple metal organic com-
poiaiads an be combined W form a pre-
cursor  “cocktail"of  precesely known
miolar wmtio, which s then fed into the
Tash evaponor. For o properly operated
flash evaporsior, the |.n1|||Fuhi:p.11| arsl
mslir delivery mte of the vapor imjected
i the MOV reacior woill be thie siemne
as that of the precursor eocktall, Proper
operntion of the lush evagoralioe s
thut all pauterind s evaporaied, wd oo
secummlation occurs in the evaporson
L'q'll'llpl va il il |3.' s Tiliins cai be e
pared by feeding fwo or mese cockioil
strems o ghe ladh evaporbog with
inclividuadly commlled mies, Use ol a
1atsh e vapomtor can prowvide several other
significam sbvantages in MOCVEDY of
complex. onkdes, balal precuesors can be
fash evapomeed by prepring o soluticn
of thee solish in & suitable sobvent, ovoiding
the |'ll'l'lh|ul11‘- assaciated with solid source
sublimation m MOCYEY Some metal
argiic  precirors o sosceptible o
g penctions (such us decomposifa or
polyriemation) on prokonzed exposure
tn agh sempermivres. For deese malertials,
peodonged bubbler aperation can ke 1o
probems such as variations  in mokar

L
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Flgure 7. i} Schematic illustration of a Nash evapooog foe vapuriestsom of lguid MOCYTD precursor solutions, b SMI's comgret flash
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Figure B Schemane Hustraton of an MOCYD gos paned showing the armangement for fos gos
sawliching. The left flzwe shows the *“Venl™ configuration, in which precursor ow i directed
1o verd while an inert gas Mo s dinactel sovwand the MOCYD nesctor chamber. The sghi fig-
e shiws the "Hun” configaration. in which precursor fiow is direcsed wwargd the MOCW T
reactor while dm et gas fow s dBected 0o vt Filim deposition b iidaed by guickly
wwitching from the Vent ao the Run configumtion, and termanais] by swilching from Run g
Wt Maininining good pressire balonce i the lhes prevents pressare sungo of fag o gis
sawiiching. and belps ensire formmson of shaopt interfoes

linet st be comtinuadly maintnined a the
sime pressure, so that no (ow suree or
lag occurs on gas switching. This ensenes
thut there s minimal tme ba between
opertion af the hardware and actual
switching of the process gas Dows, For
best contml of layer thickness, it is plso
impariznt o keep the g line vislume
betwern the chamber and the switching
mamifokd as small as possibske

Figure ¥ shows an example of & gos
panel designed to provide sale. efficient
and repreucible delivery of MOCVD
precursars lor complex oxide thin Tilm
deposttion. The s panel provides for
optimum operstion of multiple precursor
soumeey, mcluding all provisiens for cam-
er gmas Mo and Tor fast gas swisching. The
design ko allvws the end-user to isolate,
evagiale and purge wny compenent of the
its panel. and focilitges sasy changing of
prrecursies s puriting of g hines afer
changes. To sccomplish these poals, pas

delivery mite and clogring of seurce
hamdbware, Flash evaporaor delivery can | I"
provvide mone stable operution, since the
precursor cockia] is initially held o
ambient temperiure, The  precursor
cockiall i onby exposed 1o high temper
fure fon’ @ shart time denng sotoal vapor-
iwmtbon in the fash evaporaton:

A precupsor delvery system or g
el for the MOCVD reactor can be
dlessrneid e melude v conshinatisn of
e, liquid, sodid or flash  evapormtor
sowrces. The s pamed needs 1o be a well
ergiseered system, which meets all
reqirginents of the process and the
deviee bang bl Postscular challenges
are encounered when building devices
that regquire: abropt interloces betwen
depusited layers, Such processes reyuine
the use of o fest o switching: amange:
ment, such as that shown i Figure &
Thix gas punel configuration ablows the
opersior o establish o stable precarsor
Mo which b imitislly direcied ooa vent
lime. At the sumie tme, an et gas fow
15 senl o the MOCYD chamber and the
substrute = muimatned of e oemded
dheposition lempenture. Layer growth is
st by reversang (ese flows o the

“Run™ configurstion, as shiwn in Figone
B, Laver growyth s termbnated by switch-
ing the gis Nows bock o the "Vent™ con-
fguraton, The vent line and chanber

1

Fligure 9. Complete MOCYD gus pavels ane configused for the needs of the deposithon process
anal the device being fabricuted, This example shows o pos panel configared for fowr indepen-
dent Bjaiid sonimee bubibhers, da) CAD draowing of the gas pancl. (b) Matograph of commercial
MO g ]
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pressare peeds o be measured i gas
flows peerd o be contmolled @ numeroas
poimis in the precursor delivery systen.

Process Comtrsl

Muny pierimieters nged 1o be arcure-
by moniored and controlled in MOCYD
of complex oxides, Temperiure, pres-
sl fow ne peed tobe mcaned
and comtrdled af menemos locstions b
the precursor delivery system, Process
pruzirbeters including substeate wmper.
ture, chamber pressane amd sehstrate
rottion speed st wlse be controfled
tnputs from varous  extemnl sources,
such s in-si monitors, must be
processed and decisions immbke basad om
the resules, The mitating disk MOCYD
sysbeail wses SIS Advanced computer
comtral systerm [ 130 o flfill ol of thes:
Tmectioms, Thae system pronvides o con-
arod ol all prowess and hardwane parame-
ters. either mumudly, o in full aubomatic
rewide aceomding fo user supplicd necipes
Ihe contmol system provadkes [or simgili-
liead operataon of the MOCV T system, a5
well as for greater reprosbucibility of the
deposation process, The system b pr-
vihes for data logging and rend analysis,
s well s eommunization o extemal
commpulins amd nevworks.

High Volume Production Sysiems

The complesy onide MOCVD sy<tem
van be remhily scialed wp W lape woler
sizes or for beich operation. Subsisie
plivens can be designed for simgde waler
stges throwgh 3000 mm- divmciern, or for
muktiple smaller witers on one lurge pla-
v The [ater amangemen: i sdvani-
geows for sobsteale wilers thal o only
avaibable in smlk sipes. Loatl-lcks can
bt et For imiprvect chomber cleanli-
ness i Bipher throughpi, Lossd-locks
allow for fastor waler cyeling, since
shorter pamp-dionen times sl shorter
winlier cocl=down times cin be used, The
comiplies oxide MOOYD systenm e also
b supplicd in o cluster armaniement, as
shown in Figare 1, The cluster ool can
provide imiltiple process capoabilities on
the same. platform (such as etching or
rpid thermal processingh for greaer
functomlity, Conversely, the cluster ol
i b |.'Ilr|r-|:]_1||!'t.'\d l.l-'il]lll1u|1r|1||.' MOV

Vinrwian Bl o Coatig = May 204
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Figure ML The moting disk MOCYT teacsor monmied in o chusair ool armangement, long
with an etch muschile ind cassotic-a-cosenne kad-Jocks

—

Fuygure Tl A complete packaged MOCYT system for comples oxede than Glms: i lding e
neRceon, s [rusel, control sesien ancl wll socessnries. packinged in o single fumctiodl cibinet
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Figure 12, (i) Example of o PR T, 0y thin filn soiform |y deposiied on a six inch waler in o moisting disk MOCYD ecor (hi Measured
fermoelectric datw for MOCYD deposied Phr Ti, 0, thin film

mixlules on the sume platform,. for
increased throughput. Conmgplele sysiems
{either single mndule o clusier) are pack-
aged together wath the MOCYD nescor,
the giws panel, the contml syster, power
supplies, vacuum pumps and safety sys-
tems, oll i one Tunetonnl cabine, a5
shown in Figare 11,

Conclusions

An MOCVD  system has  been
desigied specifically o0 meet the chal-
fenges of complex oxide thin Gilm depo-
stnom, The systern has been tsed 0 pao-
tuce a wide vanety of complex oxide
thim films | 14]. bschicding all oF the mate-
rids listed in Tahde L OF panticolor inter-
e e the ferroelectric oxide materaks,
such s lesd srconium Ganse (PET)
Figure 12 shows o uniform PAT film
deposited on o ux ach wafer by
MOCVIY, s the measured fermoclectnic
propenties, Another maecrizl of consider-
whle commercul wlenest 1% e oxide
With peoper cdoping sr alloying, sine
oide can fupction us o trmsperent e
ductor, semiconductor or electro-optical
iaterial, The coanphex oxide MOCYD
sysdem provices the regquined  commpaosi-
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tien conbrol o mike gine oxicke tin s
fior all of these applicstions |E5]. Muany
other mult-component oxide  mslenalks
have been mvistigueed, including piceo-
elecine, pyioeleoiric sl supercondocting
materds, These muotenals fod applica-
tions i data seormge, dispiays, ielecom-
mumcations, sensors, MEMS and power
diseribaution components, as well s many
her  current and  future  products,
HResearch and prochuction versions of the
cormnplex oocde MIOCY D systeim e now
avilable o meet the growing demunsls
four these advanced maerials.
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