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ABSTRACT
The condit ions under which sel ect ive epit axial gr owth (SEG) is

achieved in UHV-CVD with SizHo and GeHl are determined by the amount
of SiaHe molecules being supplied, and there is a critical gas supply
amount (Fc ) beyoad which SEG wtl I br eak down and I ose it s
sel ectivity. The val ue of Fc is itsel f determined by two factors,
growth temperature and the material used for masking, i.e. SiOa,
SisNl. We found that this liniting factor of Fc was increased through
the addltion of a small amount of Cle, and that after such addition,
the resulting decrease in growth rate is mininal. This techaique wa$
applied to the self-aligned base fabricatioa of high speed bipolar
t r ansist or s.

I. INTRODUCTION
. .Ill.trahi-g-h_-_ __yacuum cheuical yapor
de-pos-ltio-n (UHV-CVD) ucing SiaHe, SiHlr o!
SiHaCl 2 has many advant a[es,, iqii udin j' I owtemperature - proce$c-iog, - GexSir_x altoygJgItFr gnd selective epttaxiil growtlr
(SnC;.t t In theae advant'agGg, SEd tiaibecooe an impor t ant t ethriot osv f ;ifabricating strubture of ULSI's. SEC of Sior GexSir-x provides rrery fine self-aligned
st r uct gr-es, such as a sel f -al ilnedepitaxial base - l-ayer of bip6l artrangittore. Succeesful achievenent of SEGhae been reported for a SiHaCle syetem.However, t he - gr owth r at e wit h l tri! SiHaCGsystem was very low at low temperatureunder 7000C because the maximuu gr6wth ratewao I inited -by the desorpt ion oJ Cl f romthe Si surface. SiaHo 6r SiHl UHV-CVD
lyetens have better growth ratei but SEGhas y9! t o be achieved wit h convent ionii
!ype UHV-CVD systems, which have trot-wiitisothernal furnace reactors. Hirayana etal. have reported that low tenperature SEGwas achieved below G00oC with pure SieHe ingps source Si-MBE with a I iquid nitrogenrhroud, but thie low teopirature -SgG
produced a consequently linit-ed low crowthrate, in the rang- of ibout l0A/nin.fl

tr_e r epor t - her e on t he condit ionscritical to the_ achievement of Si and Sir_
' G-cx SEc on. -Sioa or SisNr -naJtr-ea -Sitt irbls_g_!strates with t new coja:wata-ttpJ iruV:CvD systen. This water cooled 66fa-witt
!ype growth chamber allowed us to achieve10004 thick _S_EG on the SiOa oasked Si(l0O)ggbstrate at 6500C. Conditions for SEG were
I inited by the total amounl of -Juppt 

V Slrite
mol ecul es. The cr it ical gas an6ini (Fc ),that at which SEG break d6wn and loses' iii
sel ect ivit y var ied wit h variit ionJ ingrowth_ temperature and in the naterialj
used- -for,- such as SiOa or SisNl. It wasconsidered t hat the sel ectivity was madepop-sibl e by t he f act t hat wit li t he coi a:
wal I typg UHV-CVD,- f ew of t he SieHofragment formed by thernal dissociation indinterruptejl SEG wire irradiated on the- Si-O;surface. We also found that Fc can b;

increased with miaimal decrease in growth
rate by the addition of a small anount of
Cl a.

2. EXPERIMENTAL
Our UHV-CVD system included a stain-less steel growth chamber, a water cooled

j acket, and separate nozzles f or Siatlo and
Cla. A 10001/s turbo-molecular pump reduced
background_ pressure on the grbwth chamber
t o 1.5x10-s Tor r. 6-inch (100) Si waf er s
were nasked with 2000A patterns of either
SiOz or SigNl. tafers weie precleaned with
a chemical sol ution (NfuOH:HaOa:HaO=1:6:20)
to forn a pro-tective thin oxide layer
before loading into the growth chamber. Thethin oxide layer on the Si surface was
ey?p-orated by a , thermal process, duringwhich tine the SiaHo was suppl ied. The
cleanlng -tCbperatglq was 80OoC and SiaHowas suppl ied at SSCCM wit h l0 sec withinthe overall cleaning process time of I min.
$q_gqgssf ul SEG coniiit ion was conf ir med by
RHEED in the growth chamber.

The source gas, pure SiaHo, GeHl and
Cl a, first passed through a mass-fl owcontroller and then into tlie growth chamber
trough_ ^ nozzle without preciacking. SiaHoor GeHl pressure in the giowth cham-ber wasl0-4 Torr, and Clz pressure was varied from1xl0-6 t o 1xl0-s Toi r.
3. LIMITING CONDITIONS FOR SEGIn our cold-wall type UHV-CVD system,
pol y-Si nucl eat ion -riia not -begiri
innediat el y. Ther e was f ir st a shor t per lod
dur ing which SEG was achieved. In-t er vallength is inv-ers-ely pro-portional to gasflow rate, which -meins - that the toTal
amount of gas supplied over the course ofan interval will be a constant. This totalamount of supplied gas above which poly-Sinucleation dicurs - is the critica'l gas
amount Fc. _Fc can be expressed as Fc = F xtc whEre F is SiaHo ffow rate and tc isinterval length. The condition at which-SEGis int er r upt ed can be pr edict ed usinc t hissinple fomular. This relation suggestJ that
t her e is a cr it ical concent-iat ion of
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adatoms on SiOa surfaces which must be
reached for pol y-Si nucl eation to start,
since in the region of molecular flow the
number of adatoms decomposed from SieHo
nol ecul es is cl osel y proportional to the
volum of gas supplied without adatoms
desorption. On Si surfaces, a few percent
of SiaHo molecules decompose and contribute
to epitaxial growth, whil e on SiOa surf aces
most of the mol ecul es are refl ected and
probably only a small portion decomposes to
remain as adatons. So I ong as the
concentration of these adatoms on the SiOe
surface does not exceed the critical value,
SEG will continue. Figure I shows the
cr it ical gas amount (Fc ) f or SiQ and Sig Nl
nasking patterns as a function of the
substrate temperature. With SiOe pattern
and below 7000C, Fc decreased with
increasing substrate temperature in-
dependent of the gas flow rate because
Sia He dissociat ion incr eased on t he SiOa
surface. Above 7000C with SiOz pattern, Fc
increases with substrate temperature
because of the etching of the SiOa surface
produced by decomposed SiaHo. Tabe et al.
have reported that at high growth
temperatures, Si and SiOa reacts as, Si+Si
02->$iO,et and then adatons evaporate as
the volatile SiO molecules.

With a SiaNl pattern, Fc was ten times
snaller than that of for SiOa and decreased
cont inuousl y wit h incr easing subst r at e
temperature. This fact suggests that, otr a
SiaNl surface, SiaHe dissociation
efficiency is ten times larger than that on
a SiOz surface and there is no reaction,
which produce volatile molecules, between
adatoms and surface. Using pure SiaHo, the
maximum SEG thickness (Tc) on SiOa and
SigNl patteros were 1000A and 100A,
respectively at 6500C.

4. Cla ADDITIONAT EFFECTS
When Cla pressure was increased, Fcincreased dramat ical I y, whil e, there was

I ittl e decrease in growth rate. Figure 2
shows Fc and growth rate dependencei on Claflow rate at 650 oC. SieHo-flow rate was
3SCCM. Wit h 0.O3SCCM Cl a addit ion which isl/100 of SiaHe fl ow rate, twenty t imeslarger Fc was obtained on SisNl pattern
than that without Cla. Growth rafe also
decreased but when Cle flow rate was was
0.03SCCM, 50% growth rate of the pure SiaHe
case was obtained. On the Si surface, Cla
1{td Siz Ho ar e- adsor ped compet it ivel y on t heSi clean surface aird the -growth iate wasnot linited only by SieHe gas supply, butCl desorption on the Si surface.

Figure 3 shows Fc dependence on SiaHoflow rate at 700oC. Clz flow rate was OSCCMand 0.03SCCM. Whil e Fc is independent of
SiaHo flow rate without Cla addition, Fcvaried as SieHe flow rate when Cla flowrate is 0.03SCCM. This tact is consideredto be as follows.

Our model assumes that adatoms which
fl: produced by SiaHo decomposition on theDru2 surtace are entrapped on the SiOasurface with a mean residence timi. Wh;;adatoms concentration reached -_critical
Y1l-ue - 1Nc ), pol y Si nucl iat ion st arts anas!;U is int e-r r upt ed. fle may writ e t hekinet ig-- gguqt ion -f or t his syst-en as

dN/ dt -KtF-Ko N
where N is the adaton concentration on SiOasurface, _F is the incident SiaHo ftax,--Kiis _ the deconpose4 ef f iciency i,f' 51;H;' ;;SiOe sur f ac_e, Ko is t lie - 

d;s,;; pt i;;co-efficent. For case without desorptidn oia,laton, -nanely K-D=0, N is sinpiy-N=KrFt.
When pol y Si -nucfiation startJ, -tf is-'equji

Lq Nc and,t is inversely proportional to F.The growth without Cl; is ttris case. For
case wit h desor pt ion, N is

N=(Kr/ Ko )F(1 -exp(-Ko t ))
When N is constant, -F t t is not constantbut varied with F. SEG enhanceuent effectwith Cla is considered to be due to thisetching process.

S.GROWTH of Sir -x Gex f il ns
Sir_-xGex was grown by use of SieHo andGeHl. Under the Eondition of fixed-tbtalgource gas fl ow rate and substratetemperature, the Ge fraction x increased

monotonously as the GeHl flow rate ratio
incr eased unt il x=0.3. Figur e 4 showssubstrate temperature dependlence of the Gefraction. Thia result wis obtained underthe condition that the Sir-xGex growth ratewas changed with both the- substrate
tempera-ture and the source gas flow rate
r at io. In t his t emper at ur e r egion, t he Gefraction depended bnlv on th; source gas
flow rate ratio without the dependence on
substrate temperature. Figure 5 shows
growth rate dependence on total flow rate.
SieHe and GeHr flow rate ratio is constant.
With GeHl addtion, the growth rate at
reaction contralled region increases, while
decreases at suppl y contral I ed region.
Figure 6 shows the Arrhenius plots of Si

and Sir -r Ger epitaxial growth r'ates. The
sour ce gases \rer e suppl ied in suf f icient
auounts so that the growth rate would be
I inited by the substrate temperature,
independent of the total flow rate of the
source gases. The Sir-xGex growth coadition
was t he same as t he condit ion in Fig.4,
where the Ge fraction was 0.13. The
activation energy for the Si growth rate
and Sio.ezGeo.rs growth rate were 47 and 27
Kcal/nol, respectively. Once we deternined
the source gas flow rate ratio, the Ge
fraction was decided and was independent of
subst r at e t emper at ur e, shown in Fig.4,
inspit e of t he incr ease in gr owth r at e wit h
temperature, as in Fig.5. Taking advantage
of this relationship, the Ge fraction can
be controlled precisely by the control of
the source gas flow rate ratio in this
syst em.

Indeed, the incor porat ion processes
for Si and Ge are complex and they are
considerabl y different, but Fig.4 shows
that the incorporation rates for Si and Ge
are nearly the same. We consider then that
the common rate I initing step exists in
each incorporation process. Therfore, as
the filn growth rate varies with substrate
temperature, the composition ratio is
constant. This cgmmon rate liniting step is
speculated as the hydrogen desorption step
from the results of Fig.5. Liehr et al.
reported that the Si growth rate using the
Si& system was linited by the hydrogen
desorption rate because the activation
energy for the Si growth rate was 46
Kcal/nol, which corresponded to the
activation energy of hydrogen desorption
fron the Si(I00) surface. The activation
energy obtained from Fig.5 is extremely
close to that of the hydrogen desorption.
Then, the Si growth rate using SieHo is
al so thought to be I inited by hydrogen
desorption. When GeHl was added, the Sir-
*Ge* growth rate was enhanced in the low-
tenperature region and the activation
energy was reduced, rs showa in Fig.5.
Meyerson et al. have also observed the saoe
phenomenon and speculate that Ge atoms at
the growth interface serve as hydrogen
desorption centers and reduce the
activation energy for hydrogen desorption.
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6.CONCLUSION
The conditions critical to the

achievement of SEG on SiOa or SisNa naskedSi(l00) substrates were examined closely
with a new water cooled cold-wall type UHV-
CVD system. This system allowed- - us to
achieve 1000A thich SEG on the SiOa nasked
Si(l00) qubqtrate at 6500C without halogengpses. Conditions for SEG were linited -by
the total amount of supply SiaHo molecules.
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