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Abstract

This year, we work on in depth research of tandemaog structure and
take advantage of it to promote the performance oofanic
photovoltaics. We focus on the fabrication of patabndem solar cell,
which provides high photocurrent and has its disitve three-terminal
structure that can help to readily diagnose eaticddls. However, the
criteria for the interconnection layer of paraltahdem solar cell are
much strenuous. It has to protect the front ca&hjlat high transparency,
and serve as the electrode. We utilize the sihemowires-PEDOT
composite as the interconnection layer of parédieiem solar cell. By
characterizing the device, it is found that the tpborrent matches
ideally with that of the sum of each subcells, aading successful
connection of two subcells. It is evidenced thate tlsilver
nanowires-PEDOT composite can be served as a gaedtonnection
layer in parallel tandem device. Besides, we alsorkw on
organic-inorganic hybrid perovskite solar cells. ldgnding polymer as
additive, we successfully control the morphology ad-fabricated
perovskite thin film, promote the coverage, andieah efficiency
beyond 14%. We hope this research can provide dut@search

direction for high efficiency tandem solar cell.



F-tE&KRABN

HERFHATHHOAEBNALE  mELHLEEES.
HPBENGER - ARRKFTRTOLERGEDER - 2K
AAREELAM NS TRESTHRALERBRZ I HRMHN
BB B FEEPP TR R &L TR - B 5% B BT
DA B4R Eahie R EFRE - T EFERE - X4k
4 XBOMBEERRGLE R HERYZHELEM
Mo RbR—BEFTHBANN AL - b ZAKREBRAFS
BMEFGES > AFEE - ZRTHE - THRERE - THANR
B AARTAEFETHERE[] -

BAT > ZARZ GO ATEBSFR CED 11%[2] > KM
Hibe B ELYRFREETEA RABLE > LB EMAE D K BAK o
BERAABRGRETEOLO LTRSS F2RERF = L —7T
HMAEF > KERTEURRAXFLEE SRR AEKG
A B2 AR > B - EARB BB AR ATHM - K
R A EEETF o  FIRBRZI T EET IR A
SHAFHMBER ARG EF  AMTAEFLEBAER T
A e EMAERER ARG EARY > BARL TR
BREAEHFEBIMENA T AHOAL  BRALEER
A BERAEE > KERR AT ETER - RIEER E—
B R ARG E AT RIS 4R A ok 4 -PEDOT 48 &4 K1 & 36 B A 4
B rREEE RN EHRL—RFIMAZI ML
o REAKRARGEELEDZATEBRAE LG -
b BT E R B EA B BRERBRGTRETE - A B4



E56RPE KA TRl & 7 — MBI ARM R o XA LR B TR
BAEKRIGRE T HRE MR Z LRGN > B bR 4
3 % AR SR BIE R G T T &4 0 Bt Ed
Mk 3R A E A2 20%[3]° % A 4 E B o4 &N TR AR 0 AR BR
i g e &[4] > Bk BT ASHKBRTHETE > BHEHK]D]
ABEAENETETRAHTURTABNETZEE > EmARY
BREYATHRBEE - RIOVALRFE D Z R H K B KRR
RIGHREL  EHRAHRRER S 5@ Tl aFeypEE -



N -AREFEHBE
A BT 3 BALSE R R R T 8 A R - — RSB BB
R AR~ F et ibsk(methylammonium iodide, MAB) & 5x, °

— >~ RUbEER KA TF 2 A R[6]

% sde BL B4 4% (zinc acetate dihydrate) (735 mg, ACROS, 9$26)
¥ 82 (methanol) (31.25% 7+, ACROS, 99%% A = A+ » % % 60
CleBE B 47 7 VR MR- B 4 B Hh A & Ab4F(potassium hydroxide)
(369 £ 1., ACROS, 85%) ¥ B2k 16.25F # - 4% S A/Lé7 F B2 /%
BRUAK T, 1 ZHHREGIZANBRETFEERY  BRF=
SRR P R JEM 2 60°C o 5 4& RIE# L5/ BF%E > 7T B 2| Z SRR
NREDEEFLEARHGERT > KREACHER R FZ AR -
MRERRE 2/ 005E  BREAAFEZER > REMAEZEE
TUBRAM P A P X AL RO R T o Ao RS R OR R T
MRIEER mEE o ERLBE_RUABAERERSZREMF R
FoRGEFH LERREBERZ AL R T O BNC_FET
&% (2-methoxyethanol) (ACROS, 99%)% & &% (isopropanol) (ACROS,
99%) > 13 3] AAL4RIEIR °

=~ ZRASREBBRB R A R[T]

B m s &4 0.5 ¥ @R A4 E ®EE4(titanium isopropoxide)
(ACROS, 99%y. &% (ethanol) (Shimakyu's pure chemicals, 99.5%#
# 25 24> AR % 28 0027 E A EE & B & (ethanol)
(Shimakyu's pure chemicals, 99.5%)% - 44 A B & &) LEL AR &



BN RERERCEERTY > EREIRHEZIHHRE - REH
HF 3G 4 RS X B IREBILIR Y 2 Bk ey PTFEBIESR » 18 TR
745 6K9% K5 Ae B b 2 = ALk B B LR -

= ¥ A ibgk 09 A mx[3]

4 %4 30 £ F iz 2 B2 5k (methylamine) (ACROS, 30% in
ethanolfp A =S8R 7 > 4B E 4 0°C - B EF T4 0 oA 34
% ¥+ 2 H st #; (hydriodic acid) (ACROS, 57%) 4 2 4585 0 °C W 18
INEHE R E T o ARBRGBERN ZHRAOTLERKyEXRE > AT
BUP e AT R F AL o BT Bi— WA SR F ALz
A > BRAIBRBE &L BT A E M o N CEER T
A LEE 0 EMRBIRIE T EITALERE > FRRSHEEZTF
A ritgx o

A Z BT 5 B =483 5> 55 & PSHTICBA 2 # 5 ~ 3£ %t
AR At PR R B AARBRSKBERTREELZ
g o HEH LMl T :

— - P3HT:ICBAZ # #

FH R A 09408 AL (ITO) » FHkF R F B & 20k
E3054 - REFEERISHE -RAEARBEER IS4 &
BABERRIE 15 s - £ F R F 2404 BB A TAR AR
3000 rpnve 4% E AALEE 2R F (o e B REEAR Y - 0.125% %

RIEEVMEAEFIRER o 150°C fuih R FEAE R B FER o 3525 sk
800 rpmiz 4% + P3HTICBA(E A7 B — R BB ¥ » & A8 % 18



Z %) 347 150°C 1048 2 & K4E A X8 % - 545 £ PEDOT#%
BHERRER  REBAELEE 1005 K814EEHEERE > TRT
481k -

= HIHMALBERRGETETRESEZEE

# 4% PEDOT it & 150°C Fjw#h 10 4247 2R 3 - A1 B 4T
MEZ —H TS AEAER  BdREBAEKRE 0.5 mg/mL
B4R KRG B RELARCEENE L ¥ 8% 4 mL PH 1000/ 23
TRk KM LE PEDOT 408385 FABAET LN T
FARER - 4 A THRIBRMEZFEE AR RIFHERE > FIERUA
B R AR 38 uog 7k PEDOTH A b 52 i 4R 4 K 42 -PEDOT 42 644 #3
PRI H A

= AMRERSRBRGRETLZHHG

F B M 0 B A5 EALE(FTO) » FR S BRRF 5B | 30k
RERI O - ZOFEERIS ;& - ZOEREBEER 1554
REUNAERRIE IS s - A FRBZ AL R ACHEATHE LU
1000 rpmie 4% £ — A ALSRE B BB R R > 32 24 500°C %78 24 % 2 30
AR 2 A B R ALERIR K S AR BUFE — RALSK A - B R
L £AE&5(PbCh) 2 7 K s fb sz (MAI) 64 — F & F &8s xR (E R Ltk &
1:3) > 22 100 °C Au#h 1 /N85 o jushif2 P T AR 2| BB EE &
KEOBRGAHAXRBERBELE  Bor S RAE XA KRR
BB R o HF Ak 4000 rpm e g LB A 4R T Aok
(4-tert-Butylpyridine}i 42 & (Bis(trifluoromethane)sulfonimide lithium

salt)ey 3 E /5 F Spiro-OMeTAD 5% 1k A 454k KRG T2 E



15 B 100 &=k &4 A LEE - TR

pizis

FRER o fik AR AR
AR AE -



£ -XZBRARER
—~IBAEE A4 ZINE

SEFANE S LR S A R T BN U RS RE
A% 8 B R A B @ U R B R T TR B B F A FROB] T A BB Bg 5k
BRANARERR - AHAERE R OHFOLET AL EAR T THER
BRkmdam R > BT TR RS TR - ey HAEATR®
LRAXERE T M HEFEATERAABMUAOH ARG
By A% & T AR AL T R o

FEARBFR T B4 B 28 A A A8 B a4 PSHTICBA & 15 AT 4
TG EERE > BE P RRERGRENE T OH IR ETERE

B R GAE o PR AR LS B R AR B — o

A~ K P ’”“:}ﬁ‘: AN
r I } "I':.-—({ \\ll ! | ]
ﬁ,J\_;.f}\{ N A AN S
\\:_k\{“?/
* S ~.

B—"ZE5r FRAGREELCEY B ZALLEHEX - (a) PIHT-

(b)ICBA -



AN EE DT P R R R = 8% T (three
terminal): P& T 7T SA R B FA T 8 R BLI > BT A4 %] &8 418
FAMAG R EES 0 ZAT LB RB TR o BN RATBE
PARPATH E F HE 698 2R 4 -PEDOT &M BB B4 T &
EEEURSAEEEGEN BT RRIRTIHAE
7k 8 -PEDOT A& 641 A AFF R ¢ L0 AV 3% @ o1k 4y F R
& o

S

100 —— —

80 4 .

60

40 - —a— g NWs 10874 ohmisg
| =T 5341 70hmfagy
—y— A0 NWs2ml PH1000-3: 12529 ohm /=g
20 ——sg NWsMmI PHA0003: 10434 ohmizg -
—l— A MW sEm PHAI000-3: 1 4202 ohmizg
] Ao MW 2Eml PHI000-3: 115680 ohm =g

Transmittance [%]

D T T T T T T T T T T T
400 500 G600 700 800 200 1000

Wavelength[nm]

B = - s08) Rty ~ SRR RE ~ SRR R4 -PEDOTAE 641K &9 K oh-

TR KK -

10



sboh > PRIRERASEE B S FHEN BTG EM - H
HEEEE Fith 300 &k uyFH o T R TR - A
FHEBAEEER  SAMBRERARN  ZHEALLTEERR
BT ERERERE B TETFERAHARRANERETZHER
AR A RSB E > b g RIBH T RAH IR ERSR - 218
KAALRBZEGHEALERBERGEEATERNS S TRGAET
Lt o BAKGgayFEaE 403 60 53K 0 KAMATHBS KL B
2 0 BIe A 89 R E # (spin coating) Bk 4& X 45 & % 44 (slot die
coating)~ #p & fARB"F & (spray coating) & =] # & & £ € & 2|45
FARERRIEERYRR - FF L EREHEHRHIEHERMRE
THRAELRGAEREHOSZETE KA ERRREHBHI TR

B8 g2 5 phA2E 100 &K - SR KRR RA KRG H) BRI HR
ARGERBRTETRESZHRELERE 100Kk UL 28 % > b

BEEZTHRTHBMEI VT ER > B =T ° BT RIKEKE

“)"

MR RO BT HESHRE » KRIMFAIAF % PEDOT E-F I
®I R E PR AR - RAVATE XSRS -PEDOT 48 644
EE @M S4B =(0)PF o A8 LbET 88 A2 B4R 2 5K 42 -PEDOT
BAEM I ZRT N BERER A BE R KRR GEH T REF

AR ZH - AR A KL-PEDOT oM EASAER

E~3EEE  UAKG-FEE > Bibia§ A # a5 & A 7> 3 A

11



L d e P REEE -

400.0 nm

200.0 nm

0.0 nm

Digital Ins
Scan size
Scan rate
Number of =
Image Data
Data scale

200.0 nm

100.0 nm

0.0 nm

Digital Ins
scan size
Scan rate
Number of s
Image Data
Data scale

B =~ (@R 7 K & Au ()8R 2 5K &2 -PEDOT A8 644 2 R T /1 Bt

S RAR

12



FERERER BhRMAPTEA 282K -PEDOTH A4 kiE
B EARFEE 7 AR R B E R 0 Bk R mah ey =02 TAR F
TAHERGZ M FEERR - WA SR @ T4 EENF ot

TRERFFMEGGBEATT - BRLTHMEFETINE— -

—s—Front Cel, PIHTICEA
_4 » —8#—Back Cell PIFTIACEA (CN) -
—&— Harzllel landem Zell

Current Density (mA/cm?)

04 06 08
Voltage (V)

-10 —
00 0.2

v~ W AR U AT T A 2 TR TR -

13



R— > MU THFEANR T O ERME

Sample Ve Jsc FF PCE
Name [V] [mA/cm] | [%] [%]
Front Cell,

P3HT-ICBA 0.73747 7.0937 61.771 3.2315
Back Cell,

P3HT:ICBA| 0.68351 1.8026 70.882 0.8733
(CN)

Parallel

Tandem 0.72576 9.0024 62.049 4.054(
Cell
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MW. |Vge Je. FF PCE

of PEG | [V] [mA/cm’] [%] [%]

Pristine| 0.85#0.01 | 21.18+0.20| 64.57+1.871.56+0.40
6k | 0.96+0.01| 21.73+0.20 67.12+3.193.98+0.75
12k | 0.91+0.01| 21.39+053 64.61+1.922.63+0.62
20k | 0.88+0.01| 21.44+0.50 65.06+1.382.34+0.43
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