EEA—1—D—23 e &

SRR 2R WHFEERIEE B OIREIT DN T

R 540 K4 AR F—= %
. . . SR 24FHE QR 246 4
waRER F 38 BRSPS SER254EA A L H~E Rk 264E3 A 31 H REBYHIHE Tl e 7 11 18 2 v DAL A 1H~ Pk 25 34 31
BT
. Tk 2AEEE AR 245 4
FEMR TR HeH= b HTIPIR) n i B DR 5 R & 7 i il A 1B~k 25 34 31
BT
46 e o < g 12 o= TRk 24N 5k 245 4
BT R | MR | SRR ’ e ISR ME DR BHG AT | 31 g o5 31 31
LOBRE B) LUkt
WA
SR 2 4 FEIE WFSEIEENEE (HEBEHRENAD) i
#F % M H iy ) D 4% T i 2 i i 3K i o0 A Y

L/ i ]

LffE Fl3

4 B ALTz e
WS
Al T Bk AL
DI - WFE A

sk BHFFEEGLAACE P A A & DRSS R R LT A E
S -

(Hh - fE SRR ERD

48

(B - BRI R

_44_




(O3 HTft SR & 2 OIRYLEEH)

AL TIL, AROWEBIHBID G &, FE & HINE DS BRI FETE 8 % & B 9~ 2 A SR i) & 72
S TWVD, AROFFEMZER ST D01, HlgdtFERT 7 /o2 —, BREFREY ¥ —, KEA
F AT B =R OBERIERIN K v 7 — SN S, ez LT\ ab, IFgeRkRiE, £
TRt IS, MEHET 7 e X — U R — METAEXRL TS,

PLEIZX 0, AT, BFED BIEERT 5 72 ORFFERE & BRI SEFE S TRBY, A
BEEEL T D,

BRA—1—0Q: HWEOBMISRIEBEHORENLIFEATILNSD,

(BLRICAR DR

WFFER R & D R i - BUS M Thh, BEifoEEn2shTtnd EHA-1-0—1), fix
DEEDOWRIIZIEIT DY, D OWFFERREZFIA U7 #b O BRCBE FH O RETETIX BB
ThhTkY, ZHBEOKRELM ELTWVWS (BEA—1—-0Q—2), AKROEKEN, WO BN T
T TR ROERIL, HHFELL O - FHETE - EIF—HTRERIN, FERR2AFEEIZIVTIEK230
e %L, MXEEZE LIEZHAEDLND (BRA—1—-Q—3), £/, ZHE~OIEREDE T E LT,
PAFEOFAIZ LD RBERDBINATON TS (BRA—1-0Q—4), PHEICRESINTEEELT
13, HEMFEOEHFEERETLVINE, FENOEFHRPLEICEZ DN EREDOYE & P04 )
5ERR2MEE £ TIZAONDZEAENTZE Lz (BHA—1—-0@—5), ZNHDOEDOMIZ, FRFEEDR L
HOLZETHEVIRENR ER->TND (BERA—1—Q—42MR), HE OHFIEEBRR ISR 38R
mEO~RaIcEHish TV (BEA-1-@—-6),

AT THUIR R B A S ) & L CHth s & B IS )35 Z & 2 PAMCER L TR Y, T
Sty - itk A S - BT oML LC, Huse E - 5L, MAEICEE - BETLZ
EEREIEICLTWD, AROHIEA~DOEY « BEEROHLE TH 5 kLR T 7 7 & 2 2 —ps ik O B 72k
L ARTHMET S THRY r ), TIERFPETF - L5 - fh& s c L 5 EmcHs ), 19
EER RS K OEIHRRS B It E 208 L C, IR~ L T\d (EEA—1
—DO—7~10), 7z, HA~OFMAOERME LT [BIBHITE « 28350787 —~ OAZE) 21TV, Pk
QMEE BV TR 2R LT D (BEA— 1 —@—11), THEMEZE b 25T 5h20~30f41C
JEZ TS (BERIA— 1 —@—12), B4F 1 B4 —7 T RE2(TV, HilskoM3E L HFFRICEE 2 5 #sc it
EIToTnD (BRA— 1 —©@—13), HUIRD 38YTAR L LM IMEEZEATHBIL, SUTOIERHET
HEMFRROEENFESND LI o7 (BRA—1-0—14), IBIZ, FEAHIEOF FHEMTEO
72O T AMEAGEE ] (A IGE L, HUBPEEDOEMLIZH I L TnD (BRA— 1 —©@—15), F
JR2AFEFE IS, MU LRT 7 e X —FB LI, HDOWVIIHIEENEREACZIE LY LT, HELS
DENSEFLLEZ T -2 TH D (BRA—1—@—16), #MMHIZAOKI37TTAD/NEH TH
B8, ZREMFRDZ 10X, HUl & OEEENIERIITDOATNDS Z AR LTV,

_45_



RraFaF D R - SO IRIL

EEA—1—-0Q—1

WA | o0 | Pee i | Pakoe R | Pek2a e [Pz |
Fi 5 8
E 1 4 2 6 3 16
HrF S
- 0 0 0 0 3 3
(Hit : R
VERHA— 1 —@— 2
HREWES ORI
ROFER R
% )

ik 1. BIfeAnsE, MUK A FRERERE, e,
FEIUER, AZILERHL, 4 B, FuwmdE. m—RE,
THELEE, ORBEIR. PRIL Ml

Brtm  EHOBFE 1 [ 2R - BrR]

ik 1. BIfeAnsE, MUK A FREPERE, e,
FEIUER, AZILERHL, 4 B, FumdE. A,
THELEE, OREEIR, PRIL Ml

Brm  mEORT2 (B2 - R (2011)

g 5. PIRRRNAE, MUOKEZE. MEEREE. o,
FREIUER, AZILERHL, 4 B, FumdE. A,
THELEE, OREEIR, PRIL Ml

Hrim  mEOHEFE 3 [ 2R - Frighik] (2012)

g . PIERRNAR, MUOKEZE. MEEREE. o,
FOEUER, FZILEW, /A FE, @il B EimekE .
R, THEE —REER. Eil

Hrim RO 1S GF 2 (2012)

g . PIRRANAE, MUOKEZ . MEEREE. e,
FEUER, FZILEW, /A FE, @il B EimekE .
R, THEE —REER. Rl i

Hrim RO 2 MRS GF 20k (2011)

. AL (2012)

_46_




ek 5. BIgRAnE, MUOKESE . MEEREE. e,
FOREMIRR, I, A FE. @il B A,
R4, THEE, AR, IL f:

Hrim  EEEORCE 3 REE G 20 (2012)

(HBR B R

HEA—1—-@—3

Rk 24 AR EERFSETE B ORI (K
I+E = &
[(#Z&HK]
PR, R mRAEINCR 1 6 HAL S U YA RO, BAMBES AR AESE 43
[ AR SETFETE IR o i m SCBE, 5354, (2013)

NMNEF R Z

(G ]

RN, NEFRR T B TOFREBEHART T 4 7 &2 L AR S B & s sk,
CHETEHHE), %355, Pp269~274, (2012)

[F2FEK]

RWRFE, NEFRT . BEREROBRIE OERIGGE, RALFAESE 42 B4 B ¥
JEF MBS, Ppl84-185, (2012)

[F2FK]

FRRGIR, NEFSFR T V7 T A = JHRE A AT 5 B ISUER T OME, HALEAERE 42 B
B ARENTTR I AR TS, Ppl96-197, (2012)

[F2FK]

INRER, NEFFR T RT Uy VEE AW S ERET LT Y X AOKE, HALEAERE 42
M54 B AR R R s R 2, Pp202-203, (2012)

(9 FK]
NEFRER T BIR R FORRE, 2012FKF vYx2x~vFHAL, (2012)
(9 FK]

SRFEN, NBPRER T, PSR, KEEREE RS ICBIT A FEEBEAR T T 4 TIEH), 2012 °F
NI KEABRT L7 — 3, (2012)

(IR E]

B R T BESWIEE VSR SR O PSS, BT T IR LS B St (2012)
(&S - BIR2IT & 5H%]

NEFER T R 23 AR BL 6 mE - B BB T v a v, BRWRE AR
REFROBE, 750 TH, (23 )

_47_




BEA—1—@— 3=

[ZEMUE - BIREIC & HHF%]
INEFSFR PR 24 R ER T T 4 TIRE SR M, RSB D FBERAT T 47,
T TH, (24 4FE)
[ZEMUE - BIREIC & HHF%]
INEPRREL T PR 24 R RE 6 W - B ERBEMIE R LT o va v, BRAWIRRE SR
HRORME, 100 FH, (24 4F1)
[ZEEHE]
/B R T BB i RN R B B A, BN JEE T SRR OB, 500 T, (23 4RE)
[ZEEHE]
/NEPRR R T R A IR B B, RO R E SRR (o 288 OBRYE, 500 T,
(24 4£E)

T 5 /& —

[(FEFER]

Ken—ichi Konno, Tadashi Kosawada, Yasushi Kaneyama, Hiroya Endo, Zhonggang Feng:
Non—invasive Stiffness Detection Method for Living Cell Nucleus by Using Piezoelectric
Micro Sensor, Proceedings of the World Congress on Medical Physics and Biomedical
Engineering, Beijing, China, 4pp., (2012)

(F2%R]

Ken—ichi Konno, Tadashi Kosawada, Toru Ichita, Zhonggang Feng, Yasukazu Hozumi, Kaoru
Goto: Novel Three—dimensional Micro Vibration Stage and Its Ability to Influence in Cellular
Senescence, Proceedings of the World Congress on Medical Physics and Biomedical Engineering
in Beijing, China, 4pp., (2012)

[(F2%R]

BERETE, elEE, SEpEE—, WSO NRELE b MM ORI X O F R AR
EOBRFE, B A T4 Dynamics and Design Conference 2012, USB i 3£, No. 429, 9pp. (2012)
[(F2%R]

NRESE, RERR, AR, BSEEL, MRIEIE <D 2 iPS MO LB T D /)%
R O EFEAM, H A 72 Dynamics and Design Conference 2012, USB & (£, No. 431, 9pp.
(2012)

(FEHR]

TR, A ME—, NRBIE, BB, AW R R, %R B 3 RTIRE A T —
DOAMIAEE T ~DOISH, B AR 2 BTG SSH 48 WIBKZR# 2, No. 2012-2, pp. 56-57. (2012)

_48_




BEA—1—@— 3=

EaRRK # 2
[(ZEHRK]

Vex Rpyz, S, SEET . v — 2 OEBIRIRIC K 57 7 U ORI O 4R, 5 30
Ml HAR Ry NEaFinEs, RS 201-2, (2012)

[(ZEHRK]

R, fex Az, Silath, @EET - 7 7 7o itk s 6 OB T 7 F o =—& 2
Toe— X OBRFE, HALFAERE 42 I B ARENIE R AR IS, TGN SCAE, pp238-239, (2012)
[(ZEHRK]

FKILRHS, 1hex Afpe, #aEh, SBHRAT © ¢ 100 7 T 7 U oEME DR D FHHIS 2T L DB,
FACFAERE 42 IR B AR TR TR, SRR e, pp246-247, (2012)

(#5535 (B45)]

EREIETT, Hix R Z, ZIRFEKR, BREXR, @ikl RE—, REFE : 7 70 0 vk
(FF7F 55 5054853) 2012. 8. 3 g
(B (3)]

AT, ex Rz, Wit - B2 7 U 2% Yo (PCT/JP/2009/66036) ,  FK N
(EP09815417. 2)

(B (3)]

AT, ex Rz, it - B2 7 7 2 v iEd A (PCT/JP/2009/66036) , K[
(US12/674, 942)

(B (48)]

EiEIEAT, ex Rz, HilaEt - 27 7 7 o X EuEAE (PCT/JP/2009/66036) , 714
(CA2, 696, 888)

(EFETR=]

”7ero—Backlash, Small Size, Power Precise Actuator”,

MEDICA 2011 (F = v &/ R 7, KA ), Hall 16, C-40 (2011)

[Br=]

FEEEEIETHEE R B 1L E) A /) _"—2a Py 02012, BunyrTyva /Mg
M7 7 Fax—4, 7—ZW-7, (2012)

(BiEMHBIE - BIEIC & HHK]

Ve Az GERIFZER) - il A /) _— a7 T A X —8IE T T 0 7T A (7 a— 8 )7
T —~4% : TEHH Visible-Tangible i DBH%E & @2 WT - 1RFRAERE ~DIS R 40, 230 TH
(2012 4EF)

(BEFBIE - BIEIC K HHFK]

Verx Rtz GEFRIBFFER) @ JST. KFFEBPEERAILMS Ty =27 b (Fey=2 FEM) 47
T~&  TE—ANERI VYA X - RNy 7Ty a VAT 7 F a2 — 2 0% 18,000 T
M (2012 4EJ%)

_49_




BEA—1—@— 3=

woH %

[a5E]

kb, ERAL -, EREER, B BB RE S AT A OBI%, FHIE B
DHALSER S 271 [RIMFFE4E S, 271-7, (2012)

X 1B T

(& £]

st - REEW, KklEZ, FH B —RS, (LARSE, IWoi—, ik, MHE—, B,
NREL, BPIRERE, 78, HEVEE, ETPEECH, WEAUGERS, FIEA - TRUERR L Mg odkEk L
o« ERNORA] (GF 4 Ba L), BERR T MRS (2012.4)

[(ZEHK]

AAGoT, R, WMEBHED, FHE— fm oY R=0 ZAREEOH BT 5 —5%E, 5§ 33 [
AN = F—FIHY VR YT A THatE, pp. 284-287 (2011. 11)

[(ZEHK]

B, AAEIC, FHE—, RS, REZFZ, JME—&, fESEA, G o Sp)IRKEICE
F o~ A 7 KT FEEREE O IR, 5 17 BEN -t BB AN 7 4+ — 7 LGB, pp. 49-52
(2012. 1)

[(ZEHK]

BN, AKGT . A—T7 v 7 v A7 —Bl~ A 7 a/KEIZBIT 2 E8KEIROZE, B AR
DHACTFE R 42 Rl ENT IR AR TR R S, pp. 122 -123(2012. 3)

[(ZEHK]

JHRE, ARG - B LoV AR =0 ZRREIEN T2 HORE, B AR S RAE T AERE 42
0] A= JERFFEFE Feah T 2> i T SUHE,  pp. 130 -131(2012. 3)

[(ZEHK]

W%, AMEIC 0 URCTEEDH IR, A2 AR 42 IR ENT TR LR S
AR SCHE, pp. 132 —133(2012. 3)

[(ZEHK]

EOREE, ARIEIC : AIRARUK ) EILE OGS, B ARSI ARTE 42 [FIARZENF R KR
Sl SCEE, pp. 142-143, (2012.3)

(ZEHK]

WA, AT EREEH TR ORE, 3 34 RIEA =32 F—FH T R YT LATH
£, pp. 292-295 (2012.11)

B W om ot
(ZEEHE]
WL B L3 e S R P A B R Bl AT R D SRR TR T 2 BhRk, TG #IC L D
FHAM TN IS  SRERTEORE] , (2012 F)

_50_




BEA—1—@— 3=

Japanese Journal of Applied Physics 51 (2012) 10NC33
hitp//dx.doi.org/10.1143/0JAP.51.10NC33

REGULAR PAPER

Fabrication of Three-Dimensional-Structure Solar Cell with Cu,ZnSnS,

Masato Kurokawa', Kunihiko Tanaka'*, Katsuhiko Moriya2, and Hisao Uchiki'

1Department of Electrical Engineering, Nagaoka University of Technology, Nagaoka, Nilgata 940-2188, Japan
2Department of Electrical and Electronic Engineering, Tsuruoka National College of Technology, Tsuruoka, Yamagata 997-8511, Japan

Received December 8, 2011; accepted February 11, 2012; published online Octaber 22, 2012

We tabri d thi di ional (3D) sre solar cells with CuzZnSnS, (CZTS). A CdS buffer layer was deposited around nc-TiO; by the
chemical bath deposition (CBD) method. The CdS deposition time was varied from 5 to 30 min at 65°C. CZTS absorber was deposited by spray
pyrolysis deposition (SPD) onto the CdS buffer layer. Cu-, Zn-, Sn-, and S-containing sclutions were used in SPD. The metal scurces of copper(ll)
acetate hydrate, zinc(Il) dehydrate; and tin(il) chloride dehydrate, and pure sulfur powder were desolved in N,N-dimethylformamide
(OMF) as a solvent and mono-ethanolamine as a stabilizer. The solution-sprayed 3D-structure substrate was annealed in a nitrogen atmosphere

at 250°C for 30 min. A 3D-structure CZTS solar cell p

d the best co

ion efficiency n of 0.51% with a CdS buffer layer deposition time of

20min. The dependence of each solar cell characteristic on CdS buffer layer deposition time was measured.

@ 2012 The Japan Society of Applied Physics

1. Introduction

Cu,ZnSnS, (CZTS) is a low-cost, nontoxic, and abundant
material, and has an optical band-gap energy of about 1.5eV
and high absorption coefficient of over 10*cm~!. The
optical properties are suitable for the absorber layer of
single-junction thin-film solar cells.

In 1988, Ito and Nakagawa reported on the first
fabrication of CZTS thin-film solar cells.” The structure of
the CZTS solar cell was cadmium tin oxide transparent
conductive film/CZTS thin film/stainless-steel substrate.
The CZTS film was deposited by atom beam sputtering with
a CZTS powder target. The solar cell showed an open-circuit
voltage of 165 mV under irradiation of AM 1.5. Katagiri
and coworkers have reported many works on the preparation
of CZTS thin-film solar cells. They reported the highest
efficiency of 6.77% among CZTS solar cells.>”> The
structure of the cell with the highest efficiency was Al/
ZnO:Al/CdS/CZTS/Mo/soda lime glass (SLG) substrate,
and the CZTS film was prepared by RF cosputtering of
sources followed by vapor phase sulfurization. The CZTS
solar cell with the highest efficiency was prepared by
processes requiring vacuum conditions and, as such,
demanded high cost and complicated operations.

On the other hand, to reduce production costs, several
research groups have prepared CZTS thin films under a non-
vacuum condition. Araki and coworkers prepared a CZTS
absorber layer by sulfurizing electroplated precursors,®” and
the fabricated CZTS solar cell showed an efficiency of
3.16%. Ennaoui prepared a CZTS absorber layer for a solar
cell by sulfurization of Cu—Zn-Sn precursors deposited by
one-step electrodeposition® and this CZTS solar cell showed
an efficiency of n = 3.4%. In these reports, the ZnO:Al
window layers were deposited by the sputtering technique
and the CdS buffer layers were deposited by chemical bath
deposition (CBD). In our previous studies, not only the
CZTS absorber layer but also the ZnO:Al window layer and
the CdS buffer layer were deposited under a non-vacuum
condition.’"'"” The CZTS absorber layer was deposited by
the sol-gel sulfurizing method. Precursors of the CZTS
absorber layer were prepared by coating aqueous solution
containing Cu, Zn, and Sn ions, and then, the precursors
were sulfurized in Ni 4+ H>S (3%) atmosphere. The best-

"E-mail address: tanaka@vos.

ac.jp
B JP

10NC33-1

p-type /
semiconductor,

and nc-TiO;

dense
TiO,

TCO
SLG

Solar irradiation

Fig. 1. 3D-structure solar cell.

efficiency cell showed 2.23% efficiency.!? In the reports
mentioned above, the sulfurizing process was necessary to
prepare CZTS thin film and involved the use of the corrosive
gas sulfur vapor or the toxic gas HS.

CZTS is, however, a quaternary compound, which adds
another level of complexity and another set of harmful
defects.” ') Recombination at these defects is the probable
cause of the limited efficiencies that have been observed in
CZTS. /518

In order to reduce recombination, we adopt the three-
dimensional (3D)-structure substrate. Figure 1 shows shows
a schematic drawing of the 3D-structure solar cell. This
structure will improve the conversion efficiency of the solar
cell because it has the effect of not only decreasing the
amount of recombination of carriers because of the smaller
film thickness but also increasing the pn junction area owing
to the expanded surface area and reducing leakage light
absorption as a result of increased the effective absorption
length. The 3D-structure solar cell with CulnS; absorber has
been fabricated by spray pyrolysis deposition (SPD),'*2!!
Goossens and Hofhuis reported the efficiency of n = 7.02%
under AM 1.5 irradiation.?” The structure of the solar cell
was In,S; buffer layer/CulnS, absorber. The In;S3 buffer
layer and CulnS; absorber were deposited by SPD. The solar
cell showed an open-circuit voltage of 0.71 V, short-circuit
current density of 23 mA/cm™2, and fill factor of 0.43 under
AM 1.5 irradiation. However, the absorber of CulnS; has
disadvantages because indium is high in cost and impacts the
environment.

« 2012 The Japan Society of Applied Physics
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