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The crystalline bulk of the semiconducting compound CulnSe, were~
prepared from the melt by directional freezing, using horizontal Bridgman-
Stockbarger technique. The overall conductivity type of as-grown crystals
can be controlled by introducing a slight excess/deficiency 0.3 at.% of Cu,
In or Se in the melt. Excess Cu or Se and deficient Cu or In samples were
pP-type while excess In or deficient Se were n-type. Crystals grown from the
melt doping with Ge or GaAs lead to n-type and p-type respectively. All
samples grown by this technique have low resistivity vaules in the range
0.01 - 15Q -cm. Single crystal as large as 10 x 8 x 5 cm®  were grown.

The top free surfaces normally the (112) plane.

We studied the change of resistivity for samples annealed between
150°-700°C “€or 1 hour in Hy atmosphere. It was found that at temperature
lower than 500°C, resistivity of all samples decreased slowly with annealing
temperatures: and beyond 500°C decreasing in resistivity of 10-100 fimes
were found. At this temperature, all p-type samples, except for GaAs doping,
changed type.

From electrical conductivity measurements down to liquid nstrogen
temperature (77K), activation energies from Arhenius plots were obtaijned.
Energy levels of 14 meV, 39 meV, 54 meV, 63 meV, 84 meV, 130 meV and 208 meV
were found for p-type samples and 17 meV, 20 meV, 43 meV, 159 meV, for n-type.
These energy levels were interpreted as intrinsic self defect states caused
by nonstoichiometry and/or by thermal treatment.

Homojunctions were prepared by alloying In onto the p-type single
at 300°C for 10 min and 15 min in H) atmosphere. From I-V characteristic
measurement, the ideality factor n was determined to be 2.00-3.30. The hole
concentration profile N(x) of 10* - 10'6 cm3 and junction depth of 1-5 pum
were determined from C-V measurement.
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YmsAnw.....253L muNeroINIIMISnIN %N;V\‘;NF Dyl ac
Vet L /.




v ¥ o

< . o [ v feo
mammnm NMSEANETDHRDULILIN- L DY 151mmﬁuam

mmmﬂfﬁul:m‘h;ﬁ'lﬁ ,
Houde u'nu'nf'iim mum:m’:m
asEminen msmm'nﬂu MNE  aerma

A hﬂ':ﬁ’}‘ﬂl a3 . 1NTHd f*
mengn
tnsdnmn 2531

1meaEn

TR LA~ 201 CulnSe, WM IEHABHINAD Tuuin
'lnmnﬁuumhm‘imnmmmuw-ﬂmm lmﬂmmuau'lmnmmm‘lm Iy
ammuuaeuunmummrm mmssmmmlmmzmm Cu,In
URt Se 1'um1umumace M91ENAUGaAS ‘\mﬂmu 0.3 atXWpiCulnSe
m‘xm&xﬁqﬁlmaﬂmmﬁ'nm Cu,Se WAt GaAs MIMTAMBINANAY Cu URE In
(thaiviom mumm In uAE Ge MMSAMBINANAY Se  lONANET AR DY
mnmmu‘lmammm‘mmmzmtm &amns'lmm
0.0 - 15 o-cm mtmﬂﬂmmmﬂﬂ'lﬂw'hm‘lm:mn

10 x 8 x 5 mm TEUNMUNONLST 1IN IMN LTRLASEY (112)

ms&mmsltﬁwmmm’wmﬂu;\;mmmmsmwﬁm Tomms
uauuav.qmm 150 -700 "c a1 $ ke ‘lumsmmmmum‘lﬂmnunn'\
ammmu‘lwmmmmw‘lmmmnuuam munquvam'\
500 C «mmumu‘lmacmﬁm::mu 10-100 1 ummmmmm:mmu

ey unmuﬂ‘nmmmmmau‘lmwnmﬂmg GaAs ﬂmmumu‘\mhtmau
um“lutanuammz‘lmmmumwm‘lm

a'wm'xmmsm‘lwmmm‘smnmmtthau\mmmqunmm
‘lmummmmm‘lu‘lmnmm(wx) LD INHUAT NI Arhenius W IS MM
minu‘lmn‘lmnzmuaamum 14 meV , 39 meV , 54 meV , 63 meV,



« -~ » o < . . e
84 meV , 130 meV URE 208 meV ﬁ'\mmﬁmmummt;mtmnu 17 meV,
20 mevV , 43 meV URe 159 EV ﬂum«w&mmﬂnzmﬂm
nmlmmmmmmma‘lwm ﬂWlM‘lﬂW‘l‘Wlﬂlmmm une /

Win  lesmnunsenunou

AMANIRHAON-1 DU hMt%msuﬁmsﬂnkmﬁm:!m;ﬂmMS
516'013'1 _Culnse, sitiom Msumm;u 300°c ‘hansmmemaeunslalon s
manmuunm 10 1% . 15 1% Y IO - o uw‘\mﬂmw
muM|mm (n)  BgIEWIN 2.00-3.30 mmsmmm-wm‘bm
MUMNUNMENENTID  <N(x)> szi'n 1014 - 1016 cm-* W
AMANYENIRERalA 1 - 5 pm



Thesis Title A Study of p-n Homojunction of Copper
Indium Diselenide

Name Miss Kalya Eaiprasertsak

Thesis Advisor Assistant Professor Somphong Chatraphorn
Dr. Kajornyod Yoodee

Department Physics

Academic Year 1988

ABSTRACT

The crystalline bulk of the semiconducting compound
CulnSe: were prepared from the melt by directional freezing ,
using horizontal Bridgman-Stockbarger technique. The overall
conductivity type of as-grown crystals can be controlled by
introducing a slight excess/deficiency 0.3 at.% of Cu, In or
Se in the melt. Excess Cu or Se and deficient Cu or In
samples were p-type while excess In or deficient Se were
n-type. Crystals grown from the melt doping with Ge or GaAs
lead to n-type and p-type respectively. All samples grown
by this technique have low resistivity values in the range
0.01 - 15 - cm. Single crystal as large as 10x 8 x 5 cm?

were grown. The top free surfaces were normally the (112) plane.

We studied the change of resistivity for samples
annealed between 150‘!— 700q C for 1 hour in H: atmosphere. It
was found that at temperature lower than 500, C , resistivity
of all samples decreased slowly with annealing temperatures
and beyond 500 & decreasing in resistivity of 10 - 100
times were found. At this temperature , all p-type samples ,
except for GaAs doping , changed type.



From electrical conductivity measurements down to
liquid nitrogen temperature (77K) y activation energies from
Arhenius plots were obtained. Energy levels of 14 meV , 39 meV,
54 meV , 63 meV , 84 meV , 130 meV and 208 meV were found for
P-type samples and 17 meV , 20 meV , 43 meV y 159 meV for n-type
samples. These energy levels were interpreted as intrinsic
self defect states caused by nonstoichiometry and/or by
thermal treatment.

Homojunctions were prepraed by alloying In onto the
p-type single crystal at 3000' C for 10 min and 15 min in
H2 atmosphere. From I-V  characteristic measurement : the
ideality factor n was determined to be 2.00 - 3.30. The hole
concentration profile N(x) of 1014 - 1016 op-3 and junction

depth of 1 -5 pm  were determined from C-V measurement.
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