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INVESTIGATION OF GROWTH PROCESSESOF INGOTS OF SILICON CARBIDE SINGLE CRYSTALS
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As a result of investigationperformed,the possibility of producingsilicon carbide single-crystallineingotsgrown from seeds
in the 1800 to 2600°C rangehasbeenestablished.Silicon carbidesingle crystal growth in vacuumhasbeen shownto be very
promisingat low temperatures.

1. Introduction volume (fig. 1), which wasfirst utilized for producing
ZnS ingots [8]. Single-crystallineplatelets of SiC

At presentsiliconcarbidesinglecrystalsare mainly with {000l} facesare used as seeds(4). The seedsof
produced from the vapour phaseby the sublimation polyciystalline silicon carbide synthesizedfrom sili-
techniquesuggestedby Lely in 1955 [1]. Although con andcarbon of semiconductorpurity [3] are used
this method has beenconsiderablymodified in the as vapour source(2) and are placedeither arounda
last twenty years,the essentialdrawbacksinherentin thinwalled graphite cylinder (3) or inside it. Good
this techniquehavenotbeenovercome.Theyinclude, results have been obtained when a solid graphite
first of all, uncontrolled nucleation of crystals and cylindrical block was usedasa crucible,havinga hole
dendrite-like growth. For controlling the nucleation bored in place of a thin-walled graphitecylinder. In
processwe, as in [2], have proposedgrowing single this case a single-crystallineseed of SiC was also
crystals on SiC single-crystalline seedswhich are placedon top,as in fig. 1, and the startingpolycrys-
placed in the holes of a graphite crystallization talline silicon carbidematerial was insertedinto the
cylinder [3] in a certain way. This results in a con- boredhole. The shapeof ingot grown is determined
siderable increasein the size and quantityof perfect
SiC single crystals. However, to grow structurallyper-
fect bulky singlecrystalsof the various polytypesof i ,—~ ~

silicon carbide,new methodsof growing SiC crystals ~ --.- .

needto be investigated I

2 Experiment

The investigations of mass transfer and growth
kinetics of silicon carbide single crystals from the
vapour phase [3—5], which have beencarried out, .-;- : ,~.:.:: h
resultedin the successfulsolution of the problemof
producingsilicon carbidesingle-crystallineingots [6]. . . ...

Fig. 1. Diagram of producing silicon carbidesingle-crystal
The methodproposed,unlike [7], is basedupon the ingots in a quasi-closedvolume: (1) graphitecrucible; (2)
classicalschemeof supersaturatedvapourcondensa- starting polycrystalline silicon carbide;(3) thin-wall shaping

tion on a single-crystallineseed in a quasi-closed graphitecylinder; (4) single-crystallineSiC seed.
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either by the Shapeof a graphitethin-walled cylinder N~= 1023exp(—l .6 eV/kl) (1)
(3), or by the shapeof the hole inside thegraphite
block. The investigation of the growth process of at boron vapourpressurein the vapourphaseequal to

ingots was carried out in the 1800 to 2600°Ctern- saturatedP0. At boron concentration in graphite C11
perature range (T0) at partial argon pressuresfrom the boron vapour pressure over graphite will be
I 0~to 760 Torr in the setupsdescribedin ref. [91. (assumingthe validity of Henry’slaw):

Silicon carbide ingots as well as platescut out of
ingots were studied by X-ray structural analysis. P = CBPO , (2)
X-ray topograrnsfrom thin plateletswere taken by .

and its solubility in SiC will be, respectively,
the Lang method [101. The ingots were studiedby a
modified Schultz method [11]. To obtain the reflec- NB = C~X 1023exp(— 1 .6 eV/kl). (3)

tion from the ingot top the reflection (00.12) was
used. The decreasein the growth temperatureto 2000 K

resultedin a lower boroncontentin SiC by thefactor
of 25, as comparedto thecrystalsproducedat 3000

3. Experimentalresultsand their discussion K:
(2) The raising of efficiency of single-crystalpro-

As our investigationshaveshown, the utilization duction. The rate of graphite diffusion masstransfer

of single-crystallineseedsresultsin growing ingots of from theheateras a result of its evaporation,to the
single-crystalline silicon carbide in the 1800 to adjacentscreenis dependenton the equation

2600°Ctemperature(T0) range. The growth rate of
ingots wasdeterminedin this caseby thegrowth tern- ~DC_Ar QcPcrn

2T3)(d1T/~)c. (4)
perature.axial temperaturegradientand thepressure

of the inert gas .~ argon.The dependenceof the ingot The rate of silicon carbideingot growth undercondi-
growth rate on theseparametersis similar in shapeto tions limited by the diffusion masstransferis equalto
the one obtainedin thegrowthof SiC epitaxial layers

[51.The diametersof the ingots grown dependedon (DS~C_AIQsicPsIC/R2T3)(dT/~)siC. (5)
the seedareasand on the diametersof thegraphite
cylinders(3) (or on thediametersof theholesin the whereJ~determinesthe heaterlife which is propor-
graplute blocks). The length of theingots wasdepen- tional to I /J~Js1c determinesthe productivity of
dent on the time of the completedecompositionof the SiC ingot growth method;DC_Ar and DSIC_Ar

thesilicon carbidestartingmaterial, are C and SiC diffusion coefficientsin argon;Qc and
Some investigationshave beencarriedout with a ~ are activation energiesof C andSiC evaporation

view to reducing the growth temperatureof the respectively;Pc and ~s~c are carbon — and SiC
silicon carbide ingots. In order to obtain extra-pure vapourpressureat teniperatureT; (dT/clx)c and(dT/
ingots it is advisableto grow crystalsin vacuum. dx)s

1c are temperaturegradientsnear theheaterand
The advisability of lowering at silicon carbide in the growth zoneof SiC ingots;R is the universal

single-crystal growth temperatures (including the gasconstant.
growth of epitaxial layers) can be based on the The efficiency of the whole processcan be charac-
following threerequirements: terizedasthe ratio

(1) The improvement of the purity of material
produced.The main uncontrolled impurity in silicon G = Js~c/Jc= Dsjc — Ar Qs1cPs~c(dT/dx)s1c
carbide is boron, whose source is graphite. (It is
assumed that when growing in vacuum, one can X [DC..ArQCPC(dT/dX)CI~. (6)
achievethe requiredpurity with respectto nitrogen.)
Let boron concentrationin graphite be CB. The Apart from thevapourpressures,all other parameters
solubility of boron in SiC, IV~,dependingon tern- are slightly dependenton temperature,and asa result
perature,obeysthefollowing relation [12] (6) canbe rewritten
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G~CiPsic/Pc (7)

where

Psic= A1 exp(_150kcal mol i/RI), . ,.

Pc = A2 exp(—l70 kcal mol~’/RT).

In its final form eq.(7) canbe given as
Fig. 2. X—ray diftrsciion lopogram troni the ingot top of

G = C exp(20kcal mol RI). (8) single-crystalline silicon carbide ingot. Reflection from

(00.12)plane.
As follows from (8) the amount of silicon carbide
grown perunit massof thegraphiteheaterevaporated up to 1.6—2 mm/h.Fig. 2 showstheX-ray diffraction
is increased4.5 times when the growth temperature topograrnfrom the top of the silicon carbide ingot
is reducedfrom 3000 to 2000 K. which confirms its single-crystallinestructure. The

(3) The decreasedconcentrationof silicon and ingot was grown in the [0001] direction, in l0~
carbon vacanciesand the resultingdecreaseof deflec- Torr vacuumat about 1800°C,the growth time being
tion from stoichiometry,since, as our calculations S h; the ingot hasa 8 mm dianieterandis 8 mm long.
have shown, point defects in SiC, as well as in GaP, The ingots grown had always the same polytype
greatlyaffect the efficiencyof luminescence. structure.Most of them wereof 6H structure,butwe

Because of this the growth of ingots was subse- obtainedingotsof 15R polytype and 4H polytype as
quently producedat about 1800°Cin l0~~to l0~ well. The ingots did not contain disorderedD-Iayers
Torr vacuum, the axial temperaturegradientamount- which are typical for SiC crystalsgrown by the Lely
ing to about30 deg/crn.It wasestablishedthatunder technique [13], and interlayers of other polytypes
such conditionsthe growth of silicon carbidesingle- different from theingot polytype structure.For ob-
crystalline ingots was accomplishedwith the rate of taming ingots of different polytypes,growth can be

~ 1 2
~~1. ~ - I . ~i

Cra

Fig. 3. Photographof SiC ingotsgrownat - 1800°C.
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