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SFUE NN ST A P R F1
i 0.755 2 07359 0.745 4
J7i%: 0.686 8 0.664 4 0.675 7

332 QTSI AL S5 R AT

(1) 2009—2014 4015 S04 ¥ AL i) 285 5 7 #r
2009201445085 1 1R 70 3L I 28 0o MR AR AIE 25018 4
F6JIT 7~ CN AN A 2 rpC R AIE, 6f H e oo
BT O P BB AT IH— A ED o AN R IR R
B, B B AU R AR R R MR SRR B R

SRS R PRI R AR, S DR IR A
TR TSR R . FR6MHTT LU H, St H 4 kR
(pce) « FFEEHLEF 2K (open-circuit voltage loss) « HL

i 24 (charge recombination) + FHH L% (composition
engineering) 55 19 UL PO AN BUR, FEFLIR I 2%
AR R O B O B TR HEAE FT S

2009—20144F “EI3T Wl - R o 7 —RILEL
DX 28 H ) i At OO PR R AR BB IR TR 7R » AR T
SRR i FE R, Henry J. Snaith Bt TAEAMY
LTINS RS TRy N L SR NN E s 3 NS5 S R u vy Nl
Wy L ZAA A H RS B F B 58 B it 4455 6137 S
[ O PR REAE HR AR S I S e 7, DR G144
Henry J. Snaith 1, fi#HTIH IR

TERZ AR AR BT 1, Henry J. Snaith@#T
PE 5N S AL PRI TR S D T R = S R, 3=
B TSR AR RS AT PR B AR T B R 48 Sk
ALO, B MRAEG A FLTIO, =, 1 IR UE S5 ERA A S B 7T
DIVEACIRISORRY, SR LIRS HLar B80T s AR
X RKINBVE 715G G RHBA OK FH e Hb i) BT 38,

+R6  2009—2014F 4508 A0 TN ML Ful v 4 E S

BEHFLETOP10 gl ETOP10 HEFLETOP10
4 | e B Mo | i i Moy | w
pce Ji] 3L 74 | composition engineering | J5¥% | 0.286 electrocatalytic activity ] R 0.692
charge recombination [ 3t 68 pee & | 0.216 crystal growth i) 0.692
open-circuit voltage loss | [ | 60 charge recombination | 0.137 charge transfer Ji R 0.692
composition engineering | J5i% | 48 | open-circuit voltage loss | /@ | 0.086 | photovoltaic conversion efficiency | [1]#l 0.692
charge carrier transport | [/ 41 solvent engineering Ji% | 0.085 series resistance Ji R 0.692
thermal stability FE |38 annealing process J7i% | 0.049 crystal nucleus control Ji 0.692
interface defects FEE | 36 charge carrier transport | [ | 0.048 | low potential electropolymerization | 5% 0.692
phase segregation i |35 interface defects FE | 0.042 | two-step cv electropolymerization | ik 0.692
degradation mechanism | |1 31 thermal stability /% | 0.032 | surface morphology engineering Tk 0.692
annealing process T2 27 xrd J7i% | 0.032 pre-electropolymerization Tk 0.692

R7 2009—2014F 6 #Fr B O IR E St

Fs el Tt B | Aot | it
1 Henry J. Snaith 37 0.015 0.499
2 | Tsutomu Miyasaka 36 0.015 0.487
3 Sang II Seok 36 0.014 0.485
4 Nam-Gyu Park 34 0.008 0.482
5 Eran Edri 33 0.010 0.480
6 Gary Hodes 31 0.006 0.457
7 Saar Kirmayer 30 0.005 0.480
8 Xiao Yaoming 28 0.005 0.476

AL TSR A LGRSO BRI A o FE AT £
T 2771, Henry J. Snaith® IXHfE 1 HT XA A 2% 28,
2 Ja R L2 R 7 I R R, AR T A
SPTH SRR 5 F A, ORI T E15.4% 5 X FR g
BERART WS AR, HiZ R (R 2850008
20134E+ KEEME 2 —, bi B B R0 HE it J0E N v 20088
4751

(2) 20152019441 H7 A T2 AL i) 285 5 0 #r
2015—2019 45085 1R 70 HL 3 ) 2% o 1A AR 2500 G
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Digital L

SFEEEICID

L8 . AHELT2009—20144F FIIIR R I B, iZ I B
W FC 7 RSB o 28, H E RO AR e S
JEME MR, ST LA H, FaEtE (stability) « AJ 3™

JEME (scalability) AHZ< A4 A0 6 B Botbo M 3uE
LSSy N s e e S I 11 e WY 75 e WY
L HE 2 KRR Tt

R8 2015—2019F s AR jT AT MLE v 4 F IE S it

BEHFLETOP10 B ETOP10 FIEFLETOP10
HR M| i Moar | i R M|
pce MR | 2544 pce W@ | 0.106 energy-saving regeneration FE | 0.800
charge recombination i 2161 | composition engineering | J5¥% | 0.104 pore properties M| 0.800
thermal stability M | 2073 thermal stability [ | 0.079 selective adsorption M| 0.800
composition engineering | 777k 2021 charge recombination Ji] 0.077 slow response time FRE | 0.769
phase segregation I R 1 869 phase segregation 1) 0.072 spectral characterization FRE | 0.769
annealing process I 1421 annealing process Jiik | 0.050 time response to light FRE | 0.769
scalability I R 1418 | energy level alignment | [ | 0.049 electrical power measurement FRE | 0.769
open-circuit voltage loss |  [1]#l 1386 scalability " | 0.044 band-pass filters i | 0.625
energy level alignment | [1]/#l 1298 xrd J7i% | 0.039 | spectral responsivity measurement | J5i% | 0.625
spin coating WARES 1262 spin coating 7 0.038 low frequency chopping Fik | 0.625

2015—20194 “H 3§ iah - U 1R o ” A3
I 10 285 F ) i 450 o 1 R AE BB a1 R 9 BT 7R » Nam-
Gyu ParkiEZ: ZFNERPEMER “ ST B2 K7 B
B, JRAGEUR20174EFE “BI SRR o 456 01
R (7 OO PERRAE 4B A S B SERZ M 7, DAAR SR PR BT 4
#Nam-Gyu Park Jyfil, filt T HIE AL .

R9  2015—2019F B Hr Tt A IS ESETT

Fs BT T R | riE A | R
1 Nam-Gyu Park 275 0.010 0.485
2 Yan Yanfa 241 0.009 0.482
3 Cheng Yibing 233 0.005 0.483
4 Osman M. Bakr 211 0.008 0.481
5 Huang Jinsong 208 0.006 0.484
6 Chang Jingjing 185 0.003 0.478
7 Dai Songyuan 178 0.005 0.482
8 | Atsushi Wakamiya 173 0.004 0.484

EREMEIR AT, Nam-Gyu Park %P5 #f2 &
PR R E P A5 T T A AE R I B, A a0k 95 12 4k )2
Xof P e VE R SE I, $2 i S TS ek b A B A
HEWG s JFR T BT A E, MG xR & T L
FE HT 3% IR 2R 298 . Nam-Gyu Park T i) TAEA
AR MR $ v 185 R0 K PH e FEL O LR #3003, 38R
JE SRR RS I M R O A . FERT YA DT
Nam-Gyu Park BT IRV, ) 77 L2

12 20254 2145598

ARV 0 750 R 42 S S W, S LK IR o 48 DK T AR 5 BT
JEEEO, 4 Zh 5 KT K FH fi F b 1) 7 2 AR R B A
JiTaK .

(3) 2020—20234F- B AH T B 25 5 737 o
2020—2023 A48 1 R To LI 28 0o M AR A1 251 G
F10T 7~ . FIET2015—20194E 20 8. ZRERIWE ST
], B B AR S5 M T T b AR . IR 10 1] UE
i, FaE e (stability) « ATHEME (scalability) A1)
e AT R T FE B O AT UK, B S ERAT (lead-
free perovskite) iy ORISR, 1 HZ Y B it
FU R RO H R i RO R T AT R S e b
PR PR %R M B O U 5 e 6 O VR R G
FCBUIS, BRI T T VAR R AN 5, A= B2 k.

2020—20234F “BIHr A - ek AR oG 7 AR
IR 285 F 1) 397 A4k RO PR REAE BB A1 R 11FT 78 Michael
Gratzel Ff 2L 5| UZ UK VK J& , 75T 850 5 R
MEHRZR . Fa 3R T Skl & Sl Ak B F 45 75 TH
VEH T 2 TR Uik 45 A B A i i O MR AE 3R
b B BLss2 ) 1y, DARR A 4ikiMichael Gratzel
R, fERT IR L.

TE TG 885 B 5 B PR M ORHR R 77 T, Michael
GratzelJF R B3k R B AX 51 & @ Wi, 3 FHE LA B
VERNZS AR S A Bl G I A L AR A R 2
By VESERDT K BH e FELIM M S8 2 7 [l b S B T
AT . TERREESE 7T, Michael Gratzel$2H &R



SRR T e TR B S E R IS

LASRESEAE B ABHRErE ATz o/

FR10  2020—2023 F AR TTH I ML s EFFHE ST
EHHETOP10 HrE L ETOP10 FIEHETOP10
2 Mo | e B Moy | us B Mo |
pce M | 5068 | composition engineering | /7% 0.098 | energy-saving regeneration ir] 3t 0.800
thermal stability M| 4946 pce I R 0.091 selective adsorption i R 0.800
charge recombination M| 4391 thermal stability I R 0.081 pore properties i R 0.800
composition engineering | 7795 | 4331 phase segregation i 0.070 minority carriers i 7 0.750
phase segregation FJ@ | 4126 | charge recombination i 0.064 temperature dependent i) 5t 0.750
scalability % | 3064 | energy level alignment i i 0.041 effective lifetimes i 5 0.750
energy level alignment HE | 2829 annealing process T 0.039 | time-resolved photocurrent |  J5¥2 0.667
annealing process Fik 2758 scalability i) gt 0.037 doped semiconductor Fik 0.667
open-circuit voltage loss | [ | 2728 xrd J7i%: 0.034 modelling J7i%: 0.667
interface defects M | 2582 | lead-free perovskite i 0.029 analytical relationship J7i%: 0.667
R 2020—2023 F RIFT TP OMEFHE ST 4 B
Fs Bl EHE | RiE v | B
1| Michael Gratzel 365 0.005 0.486 FEABRBHEE 76 4 H 2 A 8 5 T, R R
2 | Liu Shengzhong 346 0.003 0.484 FUH T U PR BRI 00k I B LR L, o T Ak
3 Zhu Kai 342 0.001 0.484 THIRACE . R IR E RO A A A B S AR
4 Tan Hairen 322 0.003 0482 Ft AT S0 HT VR A, B SETR SA% 1% 2 7 2 B A
> | DoiSongyuan | 319 0002 | OF SRR g AV AT U A 6, S
e oo o LG S A
e TEICUE, B UM RSO o T

REHEN GBI R, 51N TeE K 7 X6 FH PR 5= 45 SR AT
BEAT SRR ], AP R R R A S R, o TR
PERK IR E P, S T23.48% M UL 3 R T, 7
2R A% S AR B A5 D5 1T, Michael Gratzel$
FLV ) R SRS SIS B Fh v % Ik i 6, A
ARALR A% 52 BT XA V5 VDR 455 v o 2 95 BR AT T EE, 410 1) A
B IR 4. Michael Gratzel I T AF DAL SR
A T2 1 B AR, (i B AR T} 2 il
BVEN [ V| /41 % S

SEUEZE KW, Henry J. Snaith. Nam-Gyu Park.
Michael Gratzel55 2% i i RUE BT 28 K FH R FLb 45
AR A% BRI U o 7 SRR T BE AN R B B, VR
TRZ SR PRI ot I 7 7. 57 51 45 2840 35 58 R T8
3, BRI T2 &0 A R A et 5] ¥ e it
HME e, 7 23 AL S G 2% 2 I v Mk A S
BRI Al 5 A5 T B B O B A 2 I ALY A A 2 5 A
HRJT RIS HEILHC, 57 1 HAE AR SL A R i 5] 4
Hfr.

WEFLIRI R, A e] 5 5T U R BT R R T4k 5
HR TG T BB FRARRAE , PR B8 AT IR T ML o
DA RS R ) A BH A FEL IR 7T RIS AT A 9 38R 4T 5K
TR, W50 AR R P B 0, AR 5 G i 45 Aely B 47
A TGS B S R AT R R S E L, A A O
FCAIL o TE BT U T B R e, AT e 5 vk T R
A1 P60 397 0 3R 5 A T SR AN [R) R AE, 1 4n: 2009 —
201445 B FH FHT T2 R 38 A 3R AE 7 1%, W FU85 R0 4
BHE BRIV SR 2R 451 ST G AR 4
2015—20194F ey it il 4677 ¥, 36 B figt e M ]
PRMEE ] 2020—2023 R R SR 5 R 4
i1 S PR N1 2 v € SN i 1 N | & S A N
7R T YIRS A, A8 R T A0 T S T AL
H, Nz R B A RSN B R A SR T
ILELSEST

Jei SRR FUNGTE AR 77 T AT VR Ak AL 5 0 B 1 o
51 B0 (B9 50 RIS 0 R A R N 28, 3R AT 0T b SEIE B
Fto PRAL T BT S50k T BB I B A s A% i A% P i
PSR H L RAELEY S ER, TEXSEIRSE)
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Identification of Innovation Leaders and Their Formation Mechanisms from the Perspective of Research Fronts Evolution:
Taking the Field of High-Efficiency Perovskite Solar Cells as an Example

QIAO YingNa SUN Zhen XU MeiYao ZHANG HeXiang
(School of Information Management, Shandong University of Technology, Zibo 255000, P. R. China)

Abstract: In the context of intensified global technological competition, identifying innovation leaders and revealing their formation mechanisms from
the perspective of research fronts evolution is of great significance for leading technological innovation decisions and optimizing the cultivation of leading
talents. The paper identifies innovation leaders in the research fronts knowledge dissemination network who drive the development of research fronts by
applying the SEIRS dynamic model. Furthermore, by analyzing the granular problem and method knowledge elements reflected in the intelligence features
of papers published by innovation leaders, the paper reveals the formation mechanisms of innovation leaders, specifically, what research methods they apply,
what research problems they solve, and how they lead the innovative development of frontier fields. Taking the field of high-efficiency perovskite solar cells as
an example, the paper identifies innovation leaders such as Henry J. Snaith, Nam-Gyu Park, and Michael Gratzel. Empirical evidence demonstrates that these
leaders have established their preeminent position within the academic community by keenly identifying key scientific challenges at various stages and precisely
matching them with effective solutions. The paper can provide more targeted intelligence references for the discovery and cultivation of science and technology
innovation talent.

Keywords: Research Front; Innovation Leader; Formation Mechanism; Complex Network; Knowledge Dissemination Model; Solar Cell
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