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Silicon MBE on Hydrogen Plasma Cleaned Substrates
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A hydrogen plosmo wos creqted with q UHV compotible plosmo source. This low
energy plosmo wos used to remove -in o single step- th'e notive oxide ond orgo-
nic contominotion from the wqfer surfoc6 qt 'low substrqte temperotuies
( s 400'C ). The cleoning process wos clpplied to potterned substrotes witn micro
shodow mosks. Locql epitoxiol qrowth by' MBE ori these substrotes wos used to
fobricqte Triongulor Bqrrier Diodes to demonstrote the device quolity. The electri-
col results on these diodes ore in qgreement with the grown loyef sequence ond
the chosen dopings.

Introduction

Moleculqr Beom Epitoxy ( MBE ) in silicon is
well-suited for o O'efineit verticol qrowth on qn
qtomic scqle. Additionqlly, in qdionced semi-
conductor technology the ioterql dimensions of
potterned substrotes ore in the submicron
ronge.
Perfectly cleqned ond domoge-free surfqces
ore necessory for the growth- of device quolitv
epitoxiol loyefs. Differeit cleqnrnq rectoes hqv6
bben investiqoted. Wdelv used -is q ' chemicql
cleoning prdcess I 1 I -outside the qrowth
chomber, followed by q hiqh tempe:rqture
( -900"C ) desorption 

-step 
in 

-the ultio-high-
vqcuum ( UHV ) d'eposition ' chomber immidiofely
before the growth'process. The problems con-
nected with wet cleoninq ore the remove of
nonoporticles ond the pehetrotion of the solu-
tions into smqll openings like deep trenches.
The high temperoture step couseb the des-
truction of very thin loyers by diffusion or for-
mqtion of ollovs.
These proble#rs con be solved by on in-situ
plosmo' cleoning with hydrogen. 

- 
Encouroging

i'esults hove 6een obtdined usinq diffeieni
kinds of hydrogen plosmo or hydrogei excitotion
to remove the notive oxide ond c-orbon contq-
minqtions from the silicon wofer surfoce
I 2,3 ]. These cleoning promises odvontoges
over wet chemicql cteoiinb. becouse thev qre
compotible with in-situ drocessinq ond 'meet
demonds for on UHV prdduction Snvironment.
More.over, th"y could prove to ploy q decisive
role in cleoninq d.9p trenches ond iowering the
thermol budg6t ddring wofer processing- for
epitoxiol grofrth . Wth- plosmo processes one
hqs to toke cqre to surfoce dqmdge ond rough-

ness on qn otomic scqle, the incorporotion of
gos ions ond the octivqtion ond cohtominotion
of qtoms of the surrounding moteriqls.

Experimentql

The described processes were performed in qn
Modulqr UHV Multichomber System ( MUM ) I 4 I
of Bolzers Ltd. for S"-wofels. We use three
chombers for cleoninq, deposition of isolotors
qnd silicides, ond eb'itoxiot silicon/qermonium
with doping, fed by two loqd locks tontoining
50 wqfers.
The new Bolzers plosmo source is used for
the hydrogen cleoning, which is described in
greotdr deioils elsewhbre I S I . This DC dis-
glqrge generotes high electron currents up to
100 A qt low voltoges ( -25 eV ) through the
whole growth chqmber , which qcts qs - qnode
on ground potentiol. The electron energies ore
sufficient to dissociote the hydrogen molecu-
les, b.ut too low to cquse substrqte domoge.
The cleoning is believed to be pure chem-icol
etching. We determined the etch rqtes for
thermolly grown SiO?, diomond-like corbon qnd
silicon, which con be controlled up to 1 otomic
monoloyer per second by the source porome-
ters. Depending on the dischorge porometers,
the wofei surfdce con be prepoied'for epitoxi-
ql growth in the temperoturd rqnge of i00'C
to -400"C . No externql heqtinq f-or the sub-
strqte is used during hydroqen ileoninq I O l.
To demonstrqte thd ddvice-quolitv of 

-this -low

temperoture cleoning, sp.ecicilly iil smqll ope-
nings, w€ used potterned substrotes for locol
epitoxiol growth of Triongulor Borrier Diodes
(TBD).
On ( 100 )-n+-substrqtes micro shodow mqsks
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were fobricoted. Detoils of this procedure ore
published recentlv I 7 l. The wofers were
breoored bv wet themicql cleqninq [ 1 l, ther-
inqliv oxidi/ed ( -1um ) qt 1O5O'i for 4 hours,
followed bv the ddoosition of o LPC\D nitride
( 1OO nm in' 45 min qt f = 7O0oC with gos pres-
sure of 0. 3 mbor ) .

To define the structures of the desired ope-
nings common photolithogrophy or electron-be-
qm'lithoorqohv wos used. 'Tlie etchinq of the
Si-N. tob hv6r wqs oerformed by drv- plosmq
etihinq in qh CF./o.-qqs mixtur6 in 

-qt,out 
5

minute-s. After r6mo'vd of the resist the SiO,
wos etched in buffered hydrofluoric ocicl
( BHF ) . The resultinq micro shqdow mosk is
shown in Fiq. 1. The'cleqned substrotes were
then looded jn the UHV system.

were removed by on ex-situ lift-off Process in
hvdrofluoric qcid.
The electricql meqsurements were cqrried out
on q common l( V )-equipment with qn Hew-
lett-Pqckqrd 41458 Pirrbmeter-Anqlvzer. The
top contqct wos done by o needle, ihe bqck-
side contqct .wqs qchiefed by eutecticol bon-
ding of the n+-substrqte.

Results

Fig . 1 qnd Fig. 2 show trqnsmission electron
mlcrogrophs oT plosmo cleoned ond locol gfown
meso-sti'uctured. The etchinq of the subitrote
beneqth the mosk opening i; cleorly visible in
Fig.2.

Fiq. 1 : Tronsmission electron microqrqoh of q
loiol grown epitoxiol silicon mesq -qffer sub-
strqte cleoning by hydrogen plosmo.

In the first chomber the described hvdroqen
plosmo cleqninq wos oerformed. To shbw ifre
bffect of the- etchin! process in the mosk
opening the source poiorheters were chosen to
etch 50 nm of the silicon substrote in 5 min.
The hydrogen pressure wqs obout 2 . 1O-3 mbor,
beqm current 30 A with the beom 10 cm porollel
beneqth the substrqte.
After the cleoning the wofers were trqnsfered
through the internql tronsport chqnnel into the
silicon growth chomber. Wthout o high tempe-
rqture -desorption step the depositi5n of the
silicon loyers wqs done. Betweien two 120 nm
thick undoped silicon lovers o 5 nm thick boron
doped ( No _= 1 ' 1018 cm'3 ) loyer wos formed.
On top 6f this structure o deqeneroted
( No = 6 ' 1020 cm-t_) ontimony doped cdntoct lo-
yer- wos grown . The p-type bo'r'on qs well os
the n-type ontimony doping hos been qchieved
by coevoporotion out of effusion-cells of o
substrote temperoture of 47O"C. To ovoid
unintentionol doping of the intrinsic loyers
these lqvers hqie been qrown qt 7oo"c.' At
lhot teniperoture lfe inc^oiporotion of ontimony
is less thon 5. 1016cm-3, 'which is the detecl
tion limit of the SIMS meosurement.
This loyer sequence leeds to q trionqulqr bqr-
rier in ihe bonddioqrqm for electrons.-
After the depositiSn the micro shodow mosks

Detoils on the side-woll of Fig . 1 os ip-
by orrows.

Fig. 2:
dicoted

The prepored surfqce for deposition cqn be re-
cognized qs o weqk dork line qt the bottom of
the grown silicon meso. This minor interfqce
contominotions oriqinote from the recontomino-
tion of the substiote durinq evqcuqtion of the
cleoning chomber qfter thd plosmo processing
ond the tronsport to the growth chomber
( -15 min ). None of the possible plosmo do-
mqges ore visible in the TEM investigotions.
The- interfqce is smooth on qn otomid scole,
no bubbles of incorporoted hvdroqen or orqon
ore detectoble. Ttie crystol qu-olitv of ine
epitoxiol grown silicon is 

-excellent 
without qny

dbfects. -
This foct is confirmed by the electricql meosu-
rements of the fobricdted TBDs. The diode
chqrqcteristic of room temperoture is shown in
Fig, 3.
The diode shows q symmetricol chorqcteristic.
The threshold voltoge-U.^ =O.44V is in ogree-
ment with the thedretic'ol volue of the chosen
doping structure. An ideqlity foctor of n = 2. 13
con be cqlculqted from the log( l)-V-chorqcte-
ristic. Moinly the porositic curient vio the not
possivoted verticol mesq side-wolls couses the
difference to the theoreticol vqlue n = 2 of o
symmetricol TBD. The _ reverse current density
id obout 1 . 10-12 A/gm2.
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Fig. 3: l-V chqrocteristics of q TBD grown on q
hydrogen plosmo cleqned substrote.-

Conclusion

The plosmq cleoninq procedure presented is
suiteil for UHV in-siIu processinq'ot low tem-
perotures. The plosmo 'ions qnd ilectrons hove
low enerqies which prevents domoqe to the
crystolline- silicon subitrotes. lt is o-lso shown
thqt the cleoning procedure is suited for the
preporotion of potterned substrotes for locql
epitoxiol growth.
The electricol results of locolly grown TBDs de-
monstrote the device quolity of the cleoning
process.
The combinotion of in-situ, low-enerqv ond
low-temperoture plosmo cieoning wiih low
temperoture qrowth processes - ollows the
fobricqtion of domplexe'devices on q submicron
scqle for future devices.
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