16p-P15-8

=T/SHESEXBEEMOEIISIE
5oR FIT. MR Ak
R T¥5%EPI¥R

Email: shimamune@nagaoka-ct.ac.jp

[3BTAT=EH /SiES B XEE M FOHS]

. M SEARRY ‘ﬂ:jr Z AR (CHEES [1]PolERZE “rassn muersrismsg 1553 S 2 BB ABE L~ HEEHOEREMAE L | ~0F 6 EEBERIFSEREHFS VARSI > TR ~
= Feature® Resistivity=0.459Qcm
\
Td\k*j EED 'U\ijj Semiconductor 2E_04 n: 0.016%
_ %51 S R DR O KRS B 5 ] Mt.mk<i>.4sencm> N1 - S = Lrozor V,:0.341V
| T [gE —_— - £ o gy, J...0.10 mA/cm?2
2 1 WT : EE__(LA _'I-Hbrd\?j*‘l-ﬁ - 106 104 102 1 102 104 106 108 1010 1012 1014 1016 1018 1020 Sl § 8.0E-02 %ﬂ @Ss(t;andardtes{irn]g coriiiiiro]n
tm | L\T%J _‘ 'f |:|J ﬁ l:_,:'f Resistivity (Qcm)* = 6.0E-02 % 100mAfem?, 25
N Fearture® Feature® o X
Fig 1 ‘ /I’Z%UFZLD —R&Dbnfb VDo Majority carrier:”Positive Junction 2| 40E02 § ~e-illuminated
19.1:Ink Film charge ” orrration B " tﬁ —e—dark
2024 EERASEEREFIATLIERDE || ol = | e I \
— a, . :: * ‘. " - YT ESEOE el c|-|—|—|—|—|—|—|-|—|—|—|—
_%%ﬁﬁtﬂc}u |A| (E_%_u_lsmln)_C'f"IEEE__[ﬁEde]— %:z ... . | HE == £.q2 01§ 01 02743 "&0.4 0.5 0|6
W " c : Q. | o - e I -2.0E- |
RSy URBH/SHBARAREDNEFEN | §= | s | \
Jolil, [ L] == /Slfl:ﬁl/ﬁ\ﬂgj( EEE'/J[Effﬂ' ‘f‘@ﬁt_/}? §2§ b v=-0.026x+54352 | g8 Py Soldering iron ‘ O ' '
= r 7N : 5 W il —-0—-02
DFRBAYZTE U fe s I Ot A R herT S B e ot voltage [V]
Temperature[°C] yoorEne Fig.3: 1st demonstration of Al foil/ink film/Si-sub/Al foil stacked
Fig.2:Electrical Characteristics of the ink film!1] structure(left) and its JV curve (right)

—————

=;T/Si HEREEREICHITIXRBEMFEZASHCL, EREDEITZSS]

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. RRITE

OFH>— bOYITESFR
O Cleaning (Ethanol)
ﬂ Glass substrate( Eagle)

O Inc (Spin coating)
ﬂ Ink: 15ml, 150rpm for 30sec,

800rpm for 100sec :
O (KR, BEE =) ;;(7: —R>T
Hea

QX =B F =i QKR EMIFEDI RIS IKTFIE

/ / Cleaning (Ethanol)
n-type Si(001), p - 1.47Qcm
O Cleaning (Ethanol)

Polish Grinding by Di d Fil
O olishing (Grinding by Diamond File) ﬂ n-type Si(001), p : 1.47Qcm

ﬂ O Inc (Spin coating)

Rt Al for bottom electrode (DC Sputtering)
O Al target, DC150W, Ar 20ml/min, Ink: 15ml, 150rpm for 30sec,

ﬂ- 800rpm for 100sec
/ O SistsiEeh Eunlli e ot O Heat Treatment (Hot plate)
Inc ﬁS In coatin

: 20ml, 15 %rpm for 30sec, 800rpm 30°C, 10min, Atmosphere

t Treatment (Hot plate) SvP). tila for 100sec, 2.6 Edge cleaning by Ethanol
! . Mm Thickness
30°C, 10”‘“_“’ Atmosphere . &H S— O Heat Treatment (Hot plate) O Peeling off (by Scotch Tape for half area)
? Edge cleaning by Ethanol 30°C, 10min, Atmosphere
faeEtBISs I : XERBHTIS, RIGAKU, MiniFlex Edge Cleaning by Ethanol BRI | TSHILTILF A —4 KAISE, KU-2608
JEFHF IS - _H‘Eeae’i’tﬁy‘cy‘c&'nt SHIMADZU SOIidSPEC3700 g O Ag paste for top electrode L —4 : RGB Lasersystems, Lambda beam 532nm

IRIZ ST . EEELEFEEER. JEOL IT500LA

4, BREBR

OFH>— bOYITEFl

BT V-5 —> =2 L —% JASCO, YQ-250BX

QX =R F =i QKR EMIFEDI RIS KTFIE

Diode Laser
100mW/cm?, 25°C . - In k fl I m PrObe(+) Laser spot size 532nm 10mW

o
)
=1

Cross sectional image Top view

N ~2mmQ
= 0.20 Cell'Size: . | By — |k Probe(—
L2 5 . -Iez ' S @ Ink/SI interface S =)
Ink (3.0um) < | S 3
é 0.10 "... " _ g # @
SHm Glass (Eagle) 1im > &, llluminate = 4 R4
Fig.4:Cross sectional image and top view of ink film/Glass 5 0 0
500 10 a 60
— -0.10
450 unknown s 9 Detector/Grating change :720nm c — gy
S 8 @ b :;. 50 q
400 3 = o= S 3
% 350 g 7 = Al == 40 O .
S 300 g 6 O O o =
I 2 = O =
2 250 ? d i o 0> 30 O
o o Reflectance 0.30 Q c
2 200 g 4 Voltage V [V] S 9 o 5O
E 150 § g 2 Fig.7:JV characteristics of Al/ink film/n-Si/Al stacked structure O © = E
100 £ S solar cell and photo image of the demonstrated solar cell. O ° 10 P O
50 % ransmittance :}
N 0 F——rrn e T TP | . . . . _ :
0 i ey = Table 1. Device parameter of the ink film/n-Si solar cell 40,0, 0.6 0
10 20 30 40 50 60 70 80 90 400 WGOO | 80(;h 1000 1200 Short Circuit Open Circuit : Series Shunt 4 3 -2 14 0 1 2 3 4
. 26 g ) . . avelength (nm) Current Density Voltage Rl Pactor Resistance Resistance Distance from Ink/Si Interface (cm)
Fig.5:XRD pattern of ink  Fig.6:Transmittance and J.. [mA/cm?] V.. [mV] FF[a.u] R. [Qcm?] R.. [Qcm?] o . .
SIm/Gl flect fink flm/G oc S sh Fig.8:Dependence of open circuit voltage and short circuit current
;Fﬂ(_i‘f’;m TIVE %_:;Hjc :ncié)@l,nw ;Jr\n% a;Lsé 0.18 290 0.339 893 3208 on the laser irradiation position
- IEE(C/ O — OEH #ix 5 s — - — — , . <
. EBEHF(Z0. - 71> — N nSIEEEREE CEH#RIZ0.018% %2 1 E k. - EEBN(EE(CEA/SIRFTEINFS L TS EEZ BND,
N | | Increasing pin holes
> 0008 3 : X X ‘e 025 ——Light 10holes
Z 010 I gzgi ! O O g : —— Light 7holes
> L | Contribution No contribution Contribution No contribution <  0.20 -
c [ 0993 % | to photovoltaic | to photovoltaic i \\ -iont sholes
5 0002 § : P to photovoltaic p to photovoltaic £ \\ —Ligth 3holes
© 0008 1,40 £ ' . >, 0.15 \ —Ligth 1hol
E 0000 Eeee ot N | Low Transmittance = N o Thee
1100 1150 {200 | ‘» — Ligtht Ohole
£ 0.006 \ 0.10
3 1.05eV (11850m + Ink(ptype) _ §
C N . TR : . \
§°-°°4 = Si~l.1eV })\,\ ............................... /’é ..... Deplet|on Region ‘E 0.05 \
e | I [ ) Carrier Separation ISt waler (n type) £ 0.00 \
E 0.002 + EE E B e R A T N M I R I NG e R T N M R R R NS e B Ny T NG M B R R T NS e s e AT N M| 5 ol ok 0.1 0.2 0. 0.4
£ \L Fig.10: Suspected model of inl film/n Si substrate stacked structure solar cell. O 05
Woooo0 —r—ropo o+ ¢ o o o LN s _ : _ — S _
200 400 600 800 1000 1200 1400 * FRIFZFRMDIKURIHN'1185nm~1.05eVTaH O, SiD/\> I\:!FV\Jj(:(i(i% LY, 0.10
Wavelength (nm) + 1180nm~1.15eV KD BIEVVIER THBPEFIERMN R T Voltage V [V]
Fig.9: External Quantum Efficiency of |2>=it>— F0'1075nm~1.15eViZE (CIRINImZH55 %FI’LA:DE%M&EWJOD%E’ Fig.11: Dependency of the Pin hole number on the solar cell performance.
ink film/n Si solar cell ININT BN, FrUF7ECTHATET CUVRVWEHER, =12 — NSIERSFREICH - BHEELEICE> Y hTER—)L(<d1mm)ZRO. SiEHEREEA,
W CSIEITUINE T 3B FNIEEENDERMICTFS U TCLNWDREEZEZI SN, - E>R—)LEOZOE XK (ICHVWERHIEINT B,

5. FLH

HARDH—R>T Sv OREH EnBISIBIRDERBIBECHS VT, ZiizhER0.018%aEM LI,
STRENARNT X, KERBAHCHFSEI . FHit/SIHFENDAREICEODTHAREBIONERTNSZEZASHCUE.

7. 5%

AAF(E, — AR DA AN A 2 RRIBHRIHREBA R O = T TITWER LIZ. Fio. AAFRO—ED
. DNERAEEAN ARV —RIAREA R O Z 3 1T TITWE U, ARAFRODHTEHED—EB
(&, BERIESEFEMFR A-—T>VUi—>32 2 F—-([CBEVWTITHNFE U

[1] fIEPSE. Tl 6 FEBRF=HREHSVENE
5

A7 A, HHl7FE2F
(https://www.lee.|p/pes/award-student_r6/)




	スライド 1

