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Low-temperature synthesis of mono-like I111-V compound thin films for ubiquitous
solar cells
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In this research, a group I11-V compound semiconductor (GaAs) with a thin
film will synthesized directly on a light and flexible plastic substrate to build a basic technology
for a "ubiquitous solar cell” that has both high efficiency and wide versatility. For the first
time, the correlation between the crystal grain size and the photoresponsivity of a polycrystalline
GaAs thin film was clarified experimentally. The GaAs film with the largest grain size on glass and
plastic substrates and the highest photoresponsivity were demonstrated. These achievements will open
up the possibility of realizing flexible multi-junction solar cells.



B X C—19, F—19—1. Z—19 (|

1. WFEBRLE S H) DTS 5t
IEFH R TR ALX—HEDFEHBIC
X, BWEBREE L LRND EZICTHE 4

ALEHE M - _
Y—-5—h— HEEs HoW5IEF-E/

it
—————— >e————— P ———————— >

ETELHHLWKGEMOBFE N RD B sol ZEaR CEREILETNE,
Do ZAVE T, @R (>30%) 72 KBERIL, InGaP ICn;GaP * '
IV LA Gars ) bzosir | EOS e | B
BlEICE > TERENTE L, LAL, @= % 7°52F99 K%:
A bR WG IR E ST OISR L (e
i - GaA.

Vs, mor Les] 7 (EEEAL

—H B CELNNT T AT v 7 g BHERES LNe—==0
WL LI 7 L o 7V RBEIIE, ST - 20p

26 OOPHMEIEE V. b L NV R LAY BENASE
&7 TAF Y/ FICEBERTEE B ol B
TR & PLRNE % B b S HHT Y 22 Kb 2 amorphous (EAAED) FATIE
BAERT S (K1), AR REBEOEBE/ EEIRN
GaAs & 5 EE DLHEAEIE % HARH 1. AREOHESH

LHEEL CT I AT v s RIZ 5] 354

HERENAF TR ST E 72, Lo L, SR @Sl e, BEROH— « KERIGARICHE
RS D, T2 T, Bl (A, HI A, 7T AF v 7)) EIC GaAs ZHEBEGKT
HATAS RO LT & fo, WBCRSEM TIX. B L0+ K& bRz A 5 L, L
I MOEWEFRE ©O (£ T4 7k GREERER) ) & LTl 2o, Kb il
DIEEE 2%, LU, MGIR ICEEARL L7 25 GaAs BIIMiE OSBRI TH Y |
KIGEMOITEFETH D ] BSBESNpS ZhE TIcRnoT7z,

o

2. WEOEHM

AT, B TELPNWT T 2AF v 7 O 2 -V LAWK (GaAs) % il Tl
PO L., BWEER L IEVILAMEZ WSE Lz [ e & 2 K EM ] o252 L
ZHET, BARIZIE, GaAs 28 Ge RICEER IS Z EIZEIRT D L &bz, WFgeE
FHDE: - CTE e TR L Ge B ORE P ARGIEEAT) 2> —X& L, 7 AF v 7 EITENR
TR E AT 5 GaAs A AN T2 2 L2 HE T 5,

3. WD IikE

GaAs 1T Ge LT EBMEE TS, LENR-T, Ge V=D X F v v LiEIC
Ko THEME 7 GaAs HIHEA S LN T 72, FRMRESIL. B < TEMEKRE] 2805
Z & T, MR BICET D 2R Ge I ORS R & IR RIS T D E A AN L C & e, 2
NOEDFETEHR L Ge#iiiZ L —FEB L LT AXF Uy VEEZBETHZ LT, £/ 7
A 7 IpfEERi % b O GaAs A 7T AT v 7 EIZEKT b,

4. WFFERR
FPNIATENT T AEHEMRE L, Ge #HiE L
GaAs o Ak Hkfiifesr & B L7z, FMkE @)
(Solid Phase Crystallization: SPC) ¥ XN Al 3 2Ge ’.v.-;

glass glass
Annealing

@z (Al-induced crystallization) % A2
LT, xR ERFO Ge v — NE & (b)
LG TT T AHMR FIT/ER L 72 (X 2), SPC-Ge
(Group A-C) TiX. R#fim F—rv 7 (A
undoped, B: Sh-doped, C: As-doped) 5 L DL s
YR E (375-450°C) . AIC-Ge (Group D) Tii,

Annealing Al removal

2. GeSEIR L GaAsIED ERLF B, (a) B K

AIO, FERIE (R ZREERF] 1-10 min) %%
WD L TRERRIERZ B LT, €O, 4
Ge LIZ MR 550 °C T GaAs & (500 nm
JB) ERFHRTEY XU X VE LT,

TE M LT-GeEE (Group A-C) DFIA, (b)AIFE
BRR TEBLTI=GeE & (Group D) DFIAH, &<
DFEHBICONT, BB ML GeE R DEBSDEE
T (BRITERAR),



Group D OFRELOWIEHIZ DWW T, FHil
HEFBEMEEE (TEM) B O 2L ¥ —
SYHRL X B4y tiE (EDX) 6. HEgoR
EHEE NSO TWD Z 0oz (K
3), Ge HIEN KK THD Z LITHIK L,
GaAs PEHIZIZMREF NI B Ch dbb 1
RENR, LOLARRG, AR E K
MaN S HAFAE L TRV | GaAs S D
T EDORHIIRTZERKE WV,

TR 7 BCELIE 4T (EBSD) JIE D
. SPC-Ge ED#E} (GroupA-C) L7 >~
A LELE LTV 5D — 5T, AIC-Ge Lokt
(Group D) 1% (111) EdE L TW D Z &M
minotle (M4 @ - d), £, kv
ZH 5 GaAs 1% Ge ¥ — RIED#s dhif & 58
BEIZH| &N TWVD Z e~ 72 (K4 (e)
- (), BT, 2D Ge v— KD
AL R~y ZICEEIL TR Y, GaAs ATt
AX A VEELIEZEEZRLTNWD, #
IR FlckB W, kNS um 2B XD
GaAs ER A ENT-DIZZNBHTD
RETH D,

FTRTOREHZ DN T, 03V DAL T
ALY GaAs ITHEE L7z EE A~
MG BT, 50 IR 13 SRR R D 1
IMTAENBEE (2N L RIAE 330 um 1280
T4 30AW L ZE#E L (Fig.5), ZHhi.
Z it GaAs D3 LE & L ClemiflE ¢
b5, LLEXY | 2 GaAs EIEIZHIT 5
fE e Rt & PR O FE B & BRI &
2MT L. HikE S GaAs (ZILECT 543 e
ZHOF /) T4 7 GaAs IEOTERICALEh L
7=

DLECH N AE RIS, MRV Z
AF w7 FICER LT- AIC-Ge #iE Eick
% GaAs FED G R Z Mt L=, & DR R,
YRR EREZBIRT 5 2 Lick- T,
TITAF I DT LRIEY T 4 2 EBD
OPKIEENEGELND Z L EHL NI L
7o 7T AF w7 T GaAs TEDS RS
R LEAOTOHTHS, &6,
INGaAs X° Ge =z W@ +52 LT,
W EEEICB W T H o EE A S LTk

3. AIC-GeSE R EIZR R L - GaAsf& (Group D)
D E®, (a) ARETEMIZ, (b) EDX{&, ITOE
[T REINEADEBELTREL=,

IPF

Grainmap

(X

4, EBSDiEIZ K> TEHMIL -Ge L GaAsIR D #E &
%, @)-(d)FERALL, (e)-(h)FRTVS, B
ESUFLAIR . BRIEIMBRFRETT , Group
ADIZBEWT MBAWLWKEZL DGaAIENF LN

TWBIEN DN D,

103

300 600 900 1200

Wavelength [nm]

B
00 e

103
100

10! 102 103
Grain size of GaAs [um]

AN B® CA DV GaAson Ge(111)sub. &

B 5. GaAslEIZH T2 HRRE D, (a) Ak
BREIARTNL, (b) DI EE DR KIELGaAE
DIERAFEOHEE, RRTEFERGe(111) Y
INEIZRE L T-GaAsIED 7 R FE , FIE D &N
[SLT=HDS > TH F R (X kS & GaAsIR O fE (2 Eh
9%,

D, 7 LxRTTNRBEMOSHESCICHAT T2 LOBR bR LT,

PLE ABFIEIC X - TEif W GaAs M ORESKIEE & 43 B DO FRBIA 9]0 THEBRIYICH &
MDD EEBIT, HTALE T TAF v & U TRRRED GaAs 5l J UMk & D73 KL
NFRES Tz, BYIRTENIE 7R D> Te R R BT 2 0 ERE O BAFIZ bl L7, %Al T
BIENRIR T LR TN LHEERIGEMFEB O RN Z AT 2R TH D, AF7EE 23N

P2 ST IRBLS R L E T,



7 7 0 3

M. Saito, T. Nishida, N. Saitoh, N. Yoshizawa, T. Suemasu, and K. Toko 124

Solid-phase crystallization of gallium arsenide thin films on insulators 2021

AIP Advances 105623
DOl

10.1016/j .mssp.2020.105623

K. Toko and T. Suemasu 53

Metal-induced layer exchange of group IV materials 2020

Journal of Physics D: Applied Physics 373002
DOl

10.1088/1361-6463/ab91lec

T. Nishida, T. Suemasu, and K. Toko 10

Improving photoresponsivity in GaAs film grown on Al-induced-crystallized Ge on an insulator 2020

AIP Advances 15153
DOl

10.1063/1.5138677

M. Saito, K. Moto, T. Nishida, T. Suemasu, and K. Toko 9

High-electron-mobility (370 cm2/Vs) polycrystalline Ge on an insulator formed by As-doped 2019

solid-phase crystallization

Scientific Reports 16558

DOl
10.1038/s41598-019-53084-7




T. Nishida, M. Nakata, T. Suemasu, and K. Toko 681

Minority carrier lifetime of Ge film epitaxially grown on a large-grain seed layer on glass 2019

Thin Solid Films 98-102
DOl

10.1016/j .tsf.2019.03.019

T. Nishida, K. Moto, N. Saitoh, N. Yoshizawa, T. Suemasu, and K. Toko 114

High photoresponsivity in a GaAs film synthesized on glass using a pseudo-single-crystal Ge 2019

seed layer

Applied Physics Letters 142103-1-4
DOl

10.1063/1.5091714

T. Imajo, K. Moto, R. Yoshimine, T. Suemasu, and K. Toko 12

High hole mobility (>500cm2 V-1 s-1) polycrystalline Ge films on GeO2-coated glass and plastic 2019

substrates

Applied Physics Express 015508-1-4

DOl
10.7567/1882-0786/aaf5c6

24 3 12

GaAs —

68

2021




Al Ge

39

2020

Ge GaAs

81

2020

GaAs

81

2020

K. Toko

Group IV semiconductor thin films on insulators: polycrystallization and device applications

The 8th Asian Conference on Crystal Growth and Crystal Technology

2021




T. Nishida, T. Suemasu, and K. Toko

Layer exchange technique of Ge for high-efficiency solar cells on glass

The 8th Asian Conference on Crystal Growth and Crystal Technology

2021

T. Nishida, T. Suemasu, and K. Toko

High optical performance of pseudo-single-crystal semiconductors formed on glass using layer-exchanged Ge seed layer

ECS PRIME

2020

M. Saito, T. Nishida, T. Suemasu, and K. Toko

Impact of the Precursor Conditions on the Solid-phase Crystallization of Amorphous GaAs Thin Films on Glass and Plastic
Substrates

2020 International Conference on Solid State Devices and Materials

2020

T. Nishida, T. Suemasu, and K. Toko

Seed Layer Technique Leading to High-photoresponsivity GaAs Films on Glass

2020 International Conference on Solid State Devices and Materials

2020




GaAs

67

2020

GaAs

67

2020

Ge

GaAs MBE

38

2019

Ge

GaAs

38

2019




T. Nishida, T. Suemasu, and K. Toko

Low-temperature synthesis of GaAs films on insulators for wearable solar cells

2019 European Materials Research Society (E-MRS) Fall Meeting

2019

T. Nishida, T. Suemasu, and K. Toko

Al-induced layer exchange of Ge for seed layer applications

2019 European Materials Research Society (E-MRS) Fall Meeting

2019

T. Nishida, K. Moto, T. Suemasu, and K. Toko

Photoresponsivity of a Pseudo-single-crystal GaAs Film Synthesized on Glass Using a Large-grained Ge Seed Layer for Solar
Cell Applications

The 5th Asia-Pacific Conference on Semiconducting Silicides and Related Materials

2019

T. Nishida, K. Moto, T. Suemasu, and K. Toko

Structural and optical properties of GaAs film grown on a glass substrate using a large-grained Ge seed layer for solar cell
applications

Compound Semiconductor Week 2019

2019




K. Toko and T. Suemasu

Low-temperature synthesis of group IV semiconductors on insulators

MRS Spring Meeting

2019

Al Ge

GaAs

79

2018

GaAs

10

2018

Ge

GaAs

66

2019




Takeshi Nishida, Takashi Suemasu, Kaoru Toko

Epitaxial Thickening of a Large-grained Ge Layer on Glass for Solar Cell Applications

2018 International Conference on Solid State Devices and Materials (SSDM 2018)

2018

T. Nishida, T. Suemasu, and K. Toko

Epitaxial growth of a light absorbing Ge layer on an Al-induced crystallized Ge seed layer

60th Electric Materials Conference

2018
Al Ge Ge
65
2018
0
1

2018-164916

2018







