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Growth and Properties of Multicomponent Crystals
with Microscopic Compositional Distribution
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The growth technique and physical properties of SiGe multicrystals with microscopic compositional
distribution are demonstrated for new high-efficiency solar cells in which the wavelength dependence
of the absorption coefficient can be freely designed by controlling the compositional distribution in the
SiGe multicrystals. This growth technique is suitable for the practical casting method, and it is made up
of melt growth of SiGe multicrystals with wide and microscopic distribution of the composition from Si
to Ge all over the crystals. It is studied how much widely the microscopic compositional distribution in
SiGe multicrystals grown from binary Si-Ge melts can be controlled by the melt composition and the
cooling process. The range of the microscopic compositional distribution becomes wider as the starting
Si concentration in the growth melt becomes larger. SiGe multicrystals with various microscopic
compositional distribution can be freely controlled by optimizing the melt composition and the cooling
process. The wavelength dependence of the absorption coefficient of such SiGe multicrystals can be
also freely designed. These results show that SiGe multicrystals with microscopic compositional
distribution are hopeful for new high-efficiency solar cell applications by using the practical casting
method.
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Control of crystal structure and conpositional distribution
by initial melt conposition
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Fig. 1 X-ray image of the 5 mm x 5 mm cross sections of SiGe crystals and compositional distribution in

the same SiGe crystals, which were grown from Si-Ge melts with different compositions.
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Control of crystal structure and conpositional distribution
by cool ing process
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Fig. 2 X-ray image of the 5 mm x 5 mm cross sections of SiGe crystals and compositional distribution in

the same SiGe crystals, which were grown from Si-Ge melts by different cooling rates.
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Fig. 3 Extinction coefficient of a SiGe multicrys-
tal with average Si composition of 0.11 for
Si-rich region (open circles), Ge-rich region
(open triangles), and the average of the
large area for evaluation of macroscopic
property (solid circles). The sample was
grown at cooling rate of 10 C/min.

107 —



VREESRCN Y RFr v FICED L) hEEES
250 %ME L7, Eshelby (2 & % #EMAEE TV
I2E D, Siw b v 7 A ERFE AR OSIGe
NEWPHFEET D2HEDINTI A - FEALA N F
— %, HEEEMAEROT AR7 M, E#OFL,
SiGeDMW F EAL S E B A IOV TRD 7z,
DFEFR, EEFEMERATARRE 20 E#TAS
(001 F DB EICEALINF—DNSL AR DS
Ebhroize ZOF, EAZNET 5SiGeD N
v NI, RIS K 5T SHike 2B TH Y, F
7Ny K vy FiE, BEAOBEIZHEL THK
K BB eDbhrol. ZOKREIZ, EALFE
THIEILED, HREOEEFHEEIIN T H4E
SHIEERTE, HOL D PBEDGeEAIZL 5Ty
RERCORENEHAWNETHLILERBELT
Who F7z BT~ vtiELEDX 2T 5
ZEIZXh, EBIC, SiGeLHBNIZEITN &R E
ADPFAEL TSI EREBRMICOHALA L 2o
beds
- SiGeSHERNDIEF v U THEw

B LIHERoLEF ) 7HMIE (70
PR EEC L ) ATTREA Y — 7D/ el E T
LEEEEENIHF Yy ) THME LTI L2, &
ML TR L 22T IR o KB S 4 5 7 =
(IH Bayer #L8) 0 EMVEF ¥ ) 7FEmiE. K5
usec THH, BFELZSIEHEH A Iy M.
KB AIEZ DD LD, AEFLHOFGN
EWERTIE 43 usec ERIZEDEDBHI S Tn
5o SiGeZ ki ICB W T, FIHGe kA 0.05.
EHEE 30 mm/min OFFET 2.1 usec TH o720

- BMEL 7-SiGe K E M OFF 4T

SiGeZ A AV TREELAER L, I
PaFN, ToX 2 2id, RSP IRER, FEim
FUAF 2T OEBIEED TV, SiGe% ik b
(F¥)Ge#lBE 007, KERE 03 mm/min) K%
EiMiTIE, Voc 03 V. Jsc 13 mA/cm2, Z#i%)
E13%T, FEHELEOURNVLETH S,

. Si/SiGeN T OB EKBE

M 4 12RT &9 7, SiGeZ & &y LICSIERE % B
£ L7:SI/SiGenT ulfidE K EmE HIEL TV b,
IOk, RELZSHEEOIE Y ¥ v VR
B ATUBEOER, EASM. IAT74 v b
MO X D R RBETER L Gl EOREE ET L
TV LENDH 5,

el

I USSR EE T AL IR E L
TSiGeZ M st s L. FICKBEEROSRE
b I RE TR T #ED . ZORKR, kD
Si%#E R — MM OSiGe Hit  TIIEN L H -
A A OHMBEIE SN MESA IS X D RIS
BOBERKRGEHEZFIHTE 52 L. SIEEROB
BOGeTEZRINT 5 L REOEL TN EDL S
&, BADHOFBICE ) NY FFy v 70
BTELILERETHD. ZHIC. 3 KILMIZGe-
richf83 % 3 5 SiGeZ # 2BV T, Gerich#
ORI S N2 LD BELZDEF YY) ¥ —
A, MDGe-richfEIBIZ 72 F » 72 1EFLIC X BB
T, Py TENLENTEAETHETES
M Vo RS, I SRS ER
T HEIUREHERIRAOWHNRESAE L, H

Strategy for improvement of internal quantum efficiency

Multicrystalline Si
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(Epitaxial growth)
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Fig. 4 Si/SiGe solar cell structure with p-n junction in the Si thin film and with columnar structure of

the SiGe multicrystal.
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