
Journalof CrystalGrowth 70 (1984) 291—294 291
North-Holland, Amsterdam

CHEMICALLY-FORMED BUFFER LAYERS FOR GROWTH OF CUBIC SILICON CARBIDE ON
SILICON SINGLE CRYSTALS*

Arrigo ADDAMIANO andPhilipp H. KLEIN

NavalResearchLaboratory, Washington,DC 20375, USA

Buffer layers of cubic silicon carbidewereformed by reactionof (100) Si substrateswith propanein hydrogenat 1380—1400°C.
Reactiontimesrangedfrom 5 to 600 s. Reproducibilitywas improvedby wet etchingof substrates.Even for buffer-layer thicknesses
oflessthan10 nm,theirreflectancespectrawereidenticalto thatof SiC.Crystallayersofcubic SiCweredepositedonbuffersby reaction
of silaneandpropanein hydrogenat1400°Cfor 15 mm. Reflectancespectraof thesecrystallayers suggestthat shortbuffer-layer-for-
mation timesfavor crystal layerperfection.

1. Introduction impairmentof Si diffusion with increasingthickness
of thebufferlayerlimits thesupplyof Si for reaction

Single-crystallayersof cubic silicon carbide(/3- (2). Any free carbonon the buffer layer interferes
SiC) canbepreparedon silicon substratesby chem- with epitaxyof the CYD SiC. Our first goal wasto
ical vapordeposition(CVD) if a thin intermediate obviatefree-carbondepositionby usingthe shortest
layer (“buffer layer”) is formed beforehandon the effectiveBLF times.
substrate[1—5].Buffer layershavebeenpreparedby Short BLF times at temperaturesnear 14000C
sputteringof SiC [1,2] andby reactionof the sub- shouldfavor good quality of CVD SiC. For BLF,
stratewith a gaseoushydrocarbon[3—6].Thelatter Nishino andco-workers[4] heatedSi substratesto
methodmaybe representedschematically: 1400°Cin dilute propane—hydrogenmixtures,

maintainedthe maximumtemperaturefor about a
C~H2~± 2 = n C + (n + 1) H2, (1) minute, andquenched.Thus,their buffer layer for-
n C + n Si = n SiC. (2) mation took place throughoutthe thermodynami-

cally-feasiblerangeof temperaturesbetweenabout
If the substratetemperatureis 1350°Cor higher, 1000 and 1400°C.Our secondgoal wasto narrow
reactively-formedbuffer layers are single cr’stals thetemperaturerangeof BLF tobetween13800 and
[5,6]. Silanemay be addedto the hydrocarbonfor 1400°C.
CVD of SiC, directly on the as-grownbuffer layer:

3SiH4+ C3H8=3SiC+ 10H2. (3)
2. ExperimentalHigh buffer-layer-formation(BLF) temperatures

tendtoimprovecrystalquality. However,therisk of Both BLF andCVD took place in a horizontal,
producingregionsofhexagonal,2H SiC in thebuffer

water-cooled, RF-induction-heated, quartz-tube
layer increasesas the melting point of silicon reactorwith internal diameterof 40 mm. An open
(1414±3°C)[7] is approached.X-ray analysesof

35 mmID quartzlinercontainedthesusceptor.The
some of our samples,preparedat 1410°C,have
indeedshown regionscontaining2H SiC [8]. susceptorwas machinedfrom high-density, iso-

tropic, high-puritygraphite.Prior to its first use,itProtractedBLF times can leadto depositionof
was coated with SiC. Substratesrestedwithin a

graphiteon the surface[6]. Apparently, increasing
0.25mm deepcavity.

Substrateswere (100)-orientedp-type Si, with
* Work supportedin part by the Office of Naval Research. resistivity of about 150 ohm cm, measuring
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12 mm x 25 mm x 0.38mm. Prior to placementin 3. Resultsand discussion
thereactor,theyweretreatedwith dilutehydrofluoric
acid (1: 10) or with hydrofluoric-nitric-acetic Fig. 1 showsthe reflection spectrumof a buffer
(3 : 5: 3)acids,andrinsedwith deionizedwater.We layerwhich wasgrownfor 30 s and thatof a 15 mm
found that wet treatmenteliminated the susceptor fl-SiC CVD crystallayerdepositedon another30 s
erosionthatwasobservedafteretchingwith gaseous buffer layer. Except for details of the 10—13pm
HCI—H2 mixtures at 1200°C.Erosion of the up- (1000—770 cm~1) region, reflectancespectra of
streamend of the susceptorgraduallyproduceda buffer layersgrown for periodsup to 600 s are vir-
taper, and altered the thermal distribution in the tually identical.The sameis trueof spectraof CVD
substrate.With wet-etchedsubstrates,uniformity of layers. Oscillationsin reflectanceamplitudepermit
depositionconditionswas greatly improved, calculation of a thickness of 1.08±0:06pm for

Table1 showsthegas-flowconditionsusedfor the 15 mm CVD crystalson buffersdepositedfor 5, 10,
three basic operationsof the process.Substrates 15, 30, 60, 120,180, 300 and 600 s. The thickness
wereheatedin purehydrogento 1400°C. After a!- of thebuffer layerof fig. 1 maybeonly 6.3nm,based
lowing time for temperaturestabilization,propane on an initial growth rate of 0.21 nm/sec[6]. Buffer
was admitted for the buffer-layer-formation(BLF)
step,which wascarriedoutfor timesrangingfrom 5

WAVELENGTH, micrometers
to 600 s. Propaneflow wasterminatedat the endof 5 6 7 8 10 12 15

BLF, power was turned off, and the layer was 100 I I I

quenchedto room temperaturein pure hydrogen. Buffer

Buffer layersandtheir supportingSi substrateswere ~ 80

eitherremovedfor examinationat this point, or were & CVD

a.

in table 1 for chemicalvapordeposition(CVD). For Wre-heatedto 1400°Cin pureH2. In the latter case ~ 60when thermal equilibrium was again established, ~ Buf
silaneandpropanewereadmittedin amountsshown ~ 40 BUFFE
thepresentstudy,auniformCVDtimeofl5minwas w BUFFER /

20
used,after which SiH4 and C3H8 were turnedoff, ~

I I I I •

and the systemcooledin pureH2. 1800 1400 1000 600
Buffer layersand CVD SiC crystalswereexam- WAVENUMBER, cm’

1

med by infraredreflectancespectroscopy.We used Fig. 1. Infraredreflectancespectrumofa SiC bufferlayerformed

a Perkin-Elmer Model 180 spectrophotometer, in 30 s byreactionof propanein hydrogenon (100) Si at1400°C,
fitted with a standardreflectanceattachment.Spec- andthatofa layeroffl-SiC grownupon it whenCVDwascarried

tracoveredtheregionfrom 2.5 to 17 pm (4000—600 out for 15 mm using SiH
4 + C3H8 + H2. Interferencein the

1000—2000 cm— l region of that spectrumcausessymmetrical
cm 1). Interference patterns in the wavelength oscillationsabouta 15 °/~reflectanceline. A indicatestheposition
regionshorterthanabout 8.5pm(1200 cm 1) were of the longitudinal opticalphonon and B indicatesthat of the

usefulfor calculationof CVD layer thickness. transverseoptical phonon.

Table I
Gas-flow conditions(flows in mI/mm)

Gas Heatingto Buffer-layer Chemical
1400°Cand formation vapor depo-
cooling (BLF) sition

(CVD)

H2 purified by diffusion throughPd—Ag alloy 660 660 1400
SiH4 (1% in 112) 0 0 42
C3H8 (1°/ain H2) 0 20 20
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layersexhibitreflectancespectrasimilarto thatofthe WAVELENGTH, micrometers

Si substrate,exceptin the 10—13pm region. 10 12 15
100 • IThe buffer-layer reflectancespectrum of fig. 1 A B

passesthrough a minimum at 965 cm 1 and a
maximumat 801 cm ~. Thesefrequenciesare very 80 - -

close, respectively, to those of the longitudinal ~
(972cm 1) and transverse(792cm 1) optical
phononsin silicon carbide [9]. As expected,the ~ 60 -

wave number of maximum reflectivity occurs ~i
C.,

betweenthoseof transverseandlongitudinal pho- z
40 -nons.

IliMaximum reflectancefor all buffer layerswas -~
U-
‘Li

foundbetween800 and 802cm~1, independentof ~ 20 -

growthtime. Maximumreflectancefor 15 mm CVD
layersoccurredbetween818 and824 cm 1 with the
dependenceon BLF time suggestedin table2. Lon- 0

ger CVD times than 15 mm produce SiC layers 1000 800 600
WAVENUMBER,cm~’

whose spectra have broad reflectancemaxima.
Theseoccur at higher frequencies(up to 845—850 Fig.2. Reflection spectraof CVD SiC. Uppercurve: 120 mm

cm— 1) andarecharacteristicof smooth,well-devel- depositionon buffer layerformedfor 2 mm. Shapeis typicalofgood-qualityCVD crystals.Lowercurve:60 mm CVD without
opedCVD SiC crystal layers. buffer layer. Both depositions on (100) Si at 1380—1400°C.

We haveobservedthat any reflectancespectrum Longitudinal (A) transverse(B) optical phononsareindicated.

of a CYD layerwhich has sharpspectral features
nearthefrequenciesof opticalphononsis associated mm CVD /3-SiC layerswith the highestfrequencyof
with less-perfectcrystallinelayers.Fig. 2 showstwo

maximumreflectance.
extremecases.

Fig. 3 showsthereflectancespectraof four 15 mmBoth SiC crystalsof fig. 2 were foundby X-ray dif- CVD crystals.Theirreflectancesarenearlyidentical
fraction to be singlecrystals.However, that depo-

from 794—801cm- 1 andat 975 cm- ~. However,insited on a buffer (uppercurve)hada smooth,shiny
appearance.Its frequencyof maximumreflectance
was 840 cm ~. The crystaldepositedon a bare Si 100 -

substratehad a perceptibly rougher surface. Its ~

dicatesthat a BLF timeof 30 sfavorsgrowthof 15 ~ 80 -maximumreflectancewasat 810cm1. Table2 in- ~ 15 120

U

Table2
Peaksin reflectancespectra 60 -

LLformation(BLF) reflection(cm— I)Buffer-layer Frequencyof maximum ..J •

time (s)
For buffer For buffer 40 -

layeronly layerplus 1000 900 800
15 mm CVD WAVENUMBER, cm’~

30 801 824 Fig. 3. Reflectancespectraof 15 mm CVD crystals,grown at
60 802 820 1400°Con bufferlayers formed for different timeson (100) Si,

120 802 818 alsoat1400°C.The growthtime in secondsis indicatedfor each
600 800 818 spectrum.Expandedscaleswere usedin recordingto reveal

____________________________ differencesin the840—940 cm ‘ region.
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