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Synthesis of CulnGaSe; Nanoparticles by Low
Temperature Colloidal Route
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CIGS nanoparticles were synthesized by a low temperature colloidal route for the absorber

layer of photovoltaic devices. The CIGS nanoparticles were prepared by reacting Cul, Inls, Gals

in pyridine with Na,Se in methanol at 0°C under inert atmosphere. The reaction products of

dark red and yellow colors were turned out to be Nal and CIGS nanoparticles, respectively, by
ICP-AES and SEM-EDS analyses. Chalcopyrite structure of the CIGS nanoparticles was
confirmed by XRD and TEM diffraction patterns. As compared to the particles from Cugglngs

Gay 3Se; ratio, more uniform and smaller nanoparticles were obtained from Cuy.1Ing.esGao.23S€ei.01

stoichiometric ratio. The CIGS nanoparticles were measured to be in the ranges of 5-20 nm.

However, tube like CIGS particles with length of several gm and width in the range of 100-300

nm were obtained from CugglnesGagsSes, and Cugolne.7GagsSe,. The morphological change of
the CIGS particles seems to be closely related to the ratio of Cu/(In+Ga).
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1. Introduction

Conversion of solar energy into electricity and
heat using photovoltaic or solar thermal methods
were studied by several groups (Hong, 2005 ; Seo
et al., 2003) The solar cell is very important in
the photovoltaic system. Compound solar cell
devices consist of electrode/transparent conduct-
ing oxides (TCO) /buffer layer/absorber layer/
back contact/soda-lime glass. Figure 1 shows the
structure of CIGS compound semiconductor solar
cells. In general, chalcopyrite material of Culn-
GaSe; (CIGS) is known to be a very prominent
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absorber layer for high efficiency and low cost
thin film solar cell devices. A solar energy to
electrical energy conversion efficiency over 19%
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Fig. 1 The structure of CIGS compound
semiconductor solar cells
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has recently been reported for a small area (0.41
cm?) CIGS devices (Rockett and Birkmire, 1991 ;
Ramanathan et al., 2003) . While this CIGS device
possesses the highest thin film polycrystalline
solar cell efficiency to date, the scaling of this
technology toward commercialization presents
many challenges. Most of the research groups
developing CIGS solar cells have used physical
vapor deposition (PVD) techniques such as eva-
poration (Rockett and Birkmire, 1991) or sput-
tering (Parretta et al.,, 1998) for depositing the
absorber layer of CIGS. However, it is expen-
sive to manufacture photovoltaic (PV) device by
PVD method and it is difficult with almost of
these methods to obtain satisfactory stoichiome-
tric compound. To solve such problem, various
processes are being tried for making CIGS absor-
ber layer. Spray deposition process has been em-
ployed using CIGS nanoparticles in low tem-
perature processes for solar cells. In this work, we
have tried a novel approach to fabricate CIGS
solar cells in which a non-vacuum process is
used for depositing the CIGS absorber layer. We
synthesized CIGS nanoparticles for the CIGS
absorber layer of solar cells by colloidal route.
We address some characteristic features and the
morphology change of the obtained CIGS par-
ticles according to the ratio of Cu/(In+Ga).

2. Experimental

We have recently reported the synthesis of
CIGS nanoparticles for the CIGS absorber layer
by solvothermal routes (Kim et al., 2004) We
obtained the spherical CIGS nanoaprticles at re-
action temperatures over 230°C by solvothermal
routes. In the case of colloidal method, it was
reported that the synthesis of the CIGS particles
was carried out at a low temperature such as 0°C
(Schulz et al., 1998a; 1998b). The experimental
procedure for CIGS nanoparticles synthesis by
colloidal route is briefly sketched in Fig. 2.

The CIGS nanoparticles were prepared by
reacting Cul, Inls, Gals in pyridine with Na,Se
in methanol at 0°C in a glove box under inert
atmosphere. The pyridine and methanol were dis-
tilled and deoxygenated before use. The metal
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Fig. 2 Experimental procedure for CIGS nanopar-
ticles synthesis by colloidal route

iodines of Cul, Inls, and Galsz and Na,Se were
dissolved in the pyridine and methanol solvents,
respectively. The pyridine solution was mixed
with the methanol solution. The solution mix-
ture was reacted with stirring for the reaction
times in the range from 10 seconds to 1 hour in ice
bath at 0°C. The reaction mixture was allowed to
settle down for 24 hours and then, the reaction
product of dark red color supernatant was de-
canted and discarded. Thereafter, the remaining
reaction products were transferred to 50 ml cen-
trifuge tube, which was added with distilled and
deoxygenated methanol to fill it. Then, it was
subjected to sonication for 10 minutes. The pro-
ducts of yellow color were centrifuged for 10
minutes at 4000 rpm. At the completion of centri-
fugation, the reaction products of dark red and
yellow colors were turned out to be Nal and
CIGS nanoparticles, respectively, by inductively
coupled plasma atomic emission spectrometer
(ICP-AES : Ultima-C, Jobin Yyon, France) and
energy dispersive spectrometry (EDS: Phoenix,
EDAX Inc., USA) analyses. The particle size
and the morphology of the products were in-
vestigated by high-resolution scanning electron
microscopy (HRSEM : XL30SFEG, Philips Co.,
Holland at 10kV) and transmission electron
microscopy (TEM: EM912Q, Carl Zeiss Co.,
Germany). The phase and the crystallographic
structure of the products were identified by X-ray
diffraction (XRD : D/max-A, Rigaku, Japan, Cu
Ka: A=1.54178 A) and TEM.

Copyright (C) 2005 NuriMedia Co., Ltd.



Synthesis of CulnGaSe, Nanoparticles by Low Temperature Colloidal Route

3. Results and Discussions

In order to obtain spherical CIGS particles,
the colloidal route reactions were carried out in
ice-bath as a function of reaction times and Cu/
(In+Ga) ratios of raw material. First of all, in
order to obtain the information about the chemi-
cal composition of the nanoparticles, every prod-
uct was analyzed with EDS (Fig. 3).

The average atomic composition of the sur-
face of the nanoparticles was determined to be
approximately a ratio of 1.1: 0.9: 1.91 for Cu:
In+Ga: Se. The chemical composition of the
reaction product of dark red color supernatant
obtained from the reactions in ice-bath for 20
minutes was determined with ICP-AES and given
in Table 1.

Figure 4 shows photo images illustrating the
reaction at low temperature and the reaction
products after settle-down. Three parts of the
slurry were separated to the top, middle and
bottom layers. The colors of the separated slurry
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Cuk 25.35 3039 0.2795 10551 0883  1.0628
Gak 12.52 13.67 0.1321 1.0226 0.97 1.0644
Sek 48.85 47.13 0.4698 08808  0.9805 1
Total 100 100

Fig. 3 EDS image of the middle layer products
obtained from the reaction in ice-bath for 20
minutes

Table 1 Chemical compositions of the reaction
product of dark red color supernatant

Element Na 1 Cu
Atom% 30.14 55.83 14.83
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layers were orange, yellow and gray. The middle
layer of yellow color became the highest quantity
compared to the other slurry layers from settle-
down for 24 hours.

Figure 5 shows the reaction products of sphe-
rical morphologies obtained from settle-down for
24 hours. The middle layer of yellow color has
very fine and uniform nanoparticles with diame-
ter below 15 nm as shown in Fig. 5(b).

Figure 6 shows XRD diffraction patterns of
the slurry. For CuiilneesGag2sSero stoichiome-
tric ratio, the top slurry layer showed only weak
(112) peak. On the other hand, the middle and
bottom slurry layers slurry showed typical XRD

patterns for the chalcopyrite structure of the

Slurry after settle down
for 24 hour

Fig. 4 Photo images of the reaction flask subjected
to ice-bath at 0C for 20 minutes and the
slurry product separated from settle-down for
24 hours

Fig. 5 SEM images of CIGS colloidal separated
from settle-down for 24 hours: (a) top,
(b) middle and (c) bottom layer
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Fig. 6 XRD diffraction patterns of the slurry layers
separated from the reaction product of Cuy;

Ing.esGao.23S€1.01

reaction products obtained from the separated
CIGS (Fig. 6). Both layers exhibited an intense
peak at 20=26.6° oriented along the (112) di-
rection. The other prominent peaks corresponded
to the (220)/(204) and (312)/(116) directions.
In addition to these commonly observed orienta-
tions, the weak peaks such as (400) /(008), (442)/
(228) and (512) were also observed in the XRD
patterns. In addition, the various peaks related to
the presence of InGaSe;, In;Ses and InSe phase
were observed.

Figure 7 shows SEM images of the Cuj.ilnges
Gag23Se101 nanoparticles obtained from the reac-
tion in ice bath at 0°C for various reaction times.
The reaction time of 20 minutes led to the most
spherical nanoparticles in which, fine and uni-
form nanoparticles with diameter below 20 nm
agglomerate into larger particles. For the reaction
times of 10 seconds and 1 minute, plate-type
and spherical particles were mixed with diameter
below sub-micron meter as shown in Fig. 7(a)
and (b).
the Cuy.1IngesGag2sSergr particles were observed
to be bigger and irregular than those for 20

For the reaction time of 60 minutes,

minutes.

Figure 8 shows typical XRD patterns for the
CIGS nanoparticles of Cuy.1IngesGag2sSerar stoi-
chiometric ratio obtained from the reactions for
various reaction times. For the reaction times of
10 sec and 1 minute, the XRD patterns of the
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Fig. 7

SEM images of the Cuy.1IngesGao.23Se1.01 nano-

particles obtained from the reaction with stir-
ring in ice bath for various reaction times:
(a) 10sec, (b) I minute, (c) 20 minutes and
(d) 60 minutes

(d) CIGS 60 min reaction

. (c) CIGS 20 min reaction

- L) (b) CIGS 1 min reaction
= (a) CIGS 10 sec reaction

2400)/(008)
(442)/(228)

Intensity(a.u.)
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XRD patterns of the CIGS nanoparticles
obtained from the reaction in ice-bath for

Fig. 8

various reaction times : (a) 10sec, (b) 1, (c)
20 and (d) 60 minutes

CIGS phase is relatively weak. This is indicative
that the formation reaction did not proceed com-
pletely for the reaction times. For the reaction
times over 20 minutes, typical patterns of the
CIGS were obtained. Therefore, we used the re-
action time of 20 minutes as optimum reaction
time for preparation of CIGS nanoparticles.
Figure 9 shows TEM image of small agglo-
merates of CupilngeGag2sSeror
obtained from the reaction in

nanoparticles
ice-bath for
20 minutes. This confirmed that the spherical

Ltd.
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116)/(312) ]
l)mzm M 20 min

—
r 50 nm
Fig. 9 TEM image of small agglomerates of Cuy;
Ino.esGag.2sSeror nanoparticles obtained from
the reaction in ice-bath for 20 minutes

Cuy.ilneesGag2sSeror nanoparticles of the small
agglomerate with diameter in the range of 5-20
nm were obtained from the reaction in ice-bath
reaction for 20 minutes. The electron diffraction
patterns corresponded to the prominent peaks,
(112), (204)/(220), (116)/(312) of the tetrago-
nal CIGS phase.

Figure 10 shows SEM images of the CIGS par-
ticles obtained from the various stoichiometric
ratios. As compared to the particles from Cugg
InesGapsSes ratio (Fig. 10(b)), more uniform
and smaller nanoparticles were obtained from
the Cuy.1IngesGag23Ses o1 stoichiometric ratio (Fig.

SEM images for the CIGS particles of vari-
ous stoichiometric ratios : (a) Cugglng7Gag.s
Sez, (b) Cugelng.sGaosSes, (¢) CugolngesGao.s
Seror and (d) CuyilngesGagseSeron

2089

(d) l.'_‘u”lull TGaln_lSc:
N (c) Cuy In, Ga Se,

g (b) CuyIn,  Ga,, Se,,
- T g {“)C“(llnnugnnﬂsclw
3 S ¢
o = -
— a -
| § 5§ 8§ |
h 2 € §8§
: A i
\ J\.,,_Jk\._ {c) T
A BN N ) I O A
Ao ]
1 1 _ L 1 L 1
20 40 60 80
2 theta(degree)

Fig. 11 XRD patterns for the CIGS particles of
the various stoichiometric ratios: (a) Cuy;
Ino.esGao.sSeror, (b) CugslnossGaosSerar, (c)

Cuo.olngsGao3Se; and <d> Cug.olng.7Gao.4Sez

10(d)). The spherical CIGS nanoparticles were
obtained from low ratios of Cu/(InGa), such
as Cuyilng.esGao.2sSero1, and Cuoglng.esGao.23Seron,
whereas tube-like CIGS particles with length of
several ym and width in the range of 100-200 nm
were obtained from CugelngsGaosSe; and Cugg
Ing.7Gao.4Se,.

The examination of XRD was carried out on
the tube-like particles to confirm CIGS tetrago-
nal phase. Figure 11 shows XRD diffraction pat-
terns for the CIGS particles of the various stoi-
chiometric ratios. All the CIGS nanoparticles of
various stoichiometric ratios showed a typical
X-ray diffraction pattern for chalcopyrite struc-
ture with an intense peak at 20=26.6° oriented
along the (112) direction. The other prominent
peaks corresponded to the (220) /(204) and (312)
/(116) directions. In addition to these commonly
observed orientations, the weak peaks such as
(400) /(008), (442)/(228) and (512) were also
observed in the XRD patterns. The presence of
the peaks related to (400)/(008) direction im-
plies that Ga takes partly the place of In in the
tetragonal CIS phase and then results in the
tetragonal CIGS phase.

4. Conclusion

The chalcopyrite CIGS nanoparticles with dia-
meters in the range of 5-20 nm were prepared
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by reacting Cul, Inls, Gals in pyridine with
Na,Se in methanol at 0°C under the inert at-
mosphere within glove box by colloidal process.
The morphological change of the CIGS parti-
cles depended on the ratio of Cu/(In+Ga). As
the amount of the III family, ie., (In+Ga) in-
creased, the shape of CIGS nanoparticles changed
from tube-like to spherical types. For Cugglngz
Gay4Se, stoichiometric ratio, tube-type particles
were obtained from reaction at 0°C for 20 min,
and measured to be with the widths in the range
of 100-300 nm and lengths of 1-5 gm. For Cuy,
Ing.esGao.2sSeror and CugolngsGagsSe, ratios, spher-
ical nanoparticles were obtained at the same
reaction condition as that of Cugolng;Gag.sSes
tube-type particles. As compared to the particles
of Cuy.ilngesGag2sSeron ratio, more uniform and
smaller nanoparticles with diameter in the range
of 5-20 nm were obtained from the Cugglnges
Gayp.32Sers stoichiometric ratio.
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