Long-lived Perovskite Solar Cells: Fixing the Problems

From Bulk, to Grain Boundary, to Interface

The DOOR, it opens the future!

Yang Yang

Materials Science and Engineering, UCLA

Email: yangy@ucla.edu
Home page: yylab.ucla.edu

 What is PV, & why perovskite PV?
* Recent progress of PVSK at UCLA
* Prospects of PVSK
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Risk taking, really?

Be Dynamic &
Think out of the box.
Be yourself
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« TRBIZE BRVEE A RSEEE, BE, -how
to reinvent myself is the key ---

i

WELZHOETAE SRR, HPIREEBERE, KPZHWNE. BE EFEM
15 ERENE R, ODEEFHNAET
We can only connect the dots when we look backward. Steve Jobs, 2005




Story-1. BRZEER{E, WPEEHZZK:
W AREEZ K Ey (1977-78)

Facts to be shared: 1977 KEME R T SIEEET]1 4.
A 2HNEXHKERF /57

BB E?




whmad  Trust your own instinct -Fg [ = o 2 T # 2

1977 REBZRL 17 4, SEE7145H,
1978 KREF;ZI .51 4, S1E#E355,
- HOmEEM BT E.

VLA S R B A — B

il

RIERES RERNGHIIHA
SSCHB AR, AT ERE
AfE LA MEE

WALKMAN

| have to do something dramatically
different to save my English. — Find my 4 months efforts, benefits my whole life

own W%W@Zdeal with it.




What did | learn?

_I_.
s WATAFEHE C AE £ —1&5;

* NAEER AR, HIEECHIEET]!

s BEZERARUREZBORENE, BARENZE

Self-confidence: —ZR N —Z KT EI ALK RFEHEZRHY -
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Story-2: 1L B MBS

Facts to be shared: 1985 Fx 2k El| U-Mass Lowell. U-Mass Lowell
MEBEREFHREEERK2004 -

BB 7

Easy choice, hard life; Hard choice, easy life.

R B BTE E B RS Y S T E(1986-1996);
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MBS FRAE—I.
FH D FHBT T

LS HA BT =1

38

1985 - 88

MS
FEARIESCER

<

PhD: Phys+EE+Chem RIESEEEg BE
ERELAZEMEER
RIE.

A AR EHRET

4=z

1989 - 91
PhD

=2 FHYE

A

1988 - 89
pre-PhD
INFZHEEE;
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1991, G+ EMU 2 1%, BAFEEILIERS

RN : S45K permanent job + £ R + ABRE

>N

VS

TN : S22K postdoc, 5% +K, hgERE o
BinEEEEIEESO00AE
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UCLA 5000/ BB R AF "
from Lowell, MA, to Riverside, CA, in Nov. 1991 |

, B REEE?
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* 1991-92 Postdoc UC-Riverside (only 10 months, why?)
e 1992-96 tech-staff in UNIAX Corp. (Santa Barbara).

R I R e f B
From 1986-1991 (&) & 1991-1996 (5% )

In 1997, join UCLA as Assistant Professor,

» 1998 Associate Professor, 2002 Professor, 2011 Tannas Jr. Chair Professor
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1997F—H 3 IE 01 AUCLA

i

* Facts to be shared: 100,000 £ R EFILKEE, 1=
BISFARNEREETH
» FABEH NI AR E R RIB DRI R FREE -

* | need money, badly; and | need new ideas.

The world first successful inkjet
printing OLED device. We
received S1M of grants in 1998
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* 2001~024%F, 221@ARE2BRTT P EUR M) 52 B 18 L awsL, Feas]
g, LWARERARE—= ERCERFeRMNEHIE
REBHEAIGREEMATE

» &R FPER) 7 30,0005 £ HIHHFEE

* MPRRAEEERRR T =AIBIELE. 2005, i 7 —fER

i - ——

BEMIf, RFNCERSIETEB6000K. 2
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Solar Spectrum

Standard used for measurements:
*Air Mass 1.5 (Sun at 42°0of elevation)

L{F§4E2006/07 £

Irradiance~ 1000W/m?
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b o e ————— -
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| t AM 1.5-G, 1 W/m?2 0.8 4
O solar spectrum ( 5-G, 1000 W/m?) Slow no. 1, annealed
O converted by crystalline silicon cell
Slow no. 1, as-cast
Z 05+
c Fast no. 7, annealed
1100 nm ~ 1.1 eV = band gap of silicon =
g Fast no. 7, as-cast
& 04+
0.2 4
0.0 L 1 1 N 1 y e -
1200 1600 2400 2400 300 400 500 600 L 700 800
650nm

=5 B &R IHFEOP VY-

TRRIENVE

P3HT:PCBM system

*Absorbs mainly in the visible spectrum
*Our lab has been researching novel

low-bandgap materials to absorb more of
the infrared spectrum

http://www.vicphysics.org/documents/events/stav2005/spectrum.JPG



el Position yourself to be on the top of your field
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f_l.:_, be dynamic
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PSBT-BT PCE=5.1%

Prof. JH Hou  pp1p pERT PCE=10.6 %

J. Am. Chem. Soc. 2008, 130, 16144-16145.

|
|
|
|
|
I L
- Nat. Commun. 2013, 4, 1446. Prof. LT Dou : Q?; ST, g,;? % %}
First IR Polymer | nelly, oM o gy
First Certified OPV ,
efficiency over 10% : Y1 PCE=12.6 %
IR Polymer Strategy (Tandem) : Y1-Y3 Acceptor
|
2012 2015 : l
-_— — = = - — e = mm — e mm = _— e P | e e - —_— e
2008 2013 2019
900-1000 nm IR Polymer Nat. Commun. 2019, 10, 570.

Ternary OPV device Adv. Mater. 2019, 31, 1904215.

(Nat. Photon. 2015, 9, 190)

R PBDTT-SeDPP PCE=7.2 %

Adv. Mater. 2013, 25, 825-831.
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UCLA Achievements of UCLA Organic Photovoltaic project
IR Xifﬁ_ SSO/AElljglﬁﬁ

Highly Efficient Tandem Cells

MZTA
e

( T 1 o / Transparent OPV
* <D| » - o Nat. Commun., 4, 1446 (2013), cited 2566 times
JSC‘I JSCZ

Nat. Photon., 6, 180(2012), cited 1395 times
Adv. Mater, 21, 1 (2009)

Adv. Mater., 21, 4238 (2009)

Vertical Phase Separation
Adv. Funct. Mater., 19, 1227 (2009)

TmeagiaSemi-transparent Solar Cell

Adv. Mater,, 20, 415 (2008) 2009
Solvent Mixture Effect 5y =%

Adv. Mater, 18, 1783 (2008) e e
Solvent Annealing Effect | . .

Adv. Funct. Mater., 17, 1636 (2007),
cited 1200 times 2007

Inverted Structure

Appl. Phys. Lett., 88,
253503 (2006) 2000

ACS Nano, 6, 7185 (2012)
Low Bandgap Polymers

Nat. Photon., 3, 649 (2009) , cited 2993 times

J.Am. Chem. Soc., 131, 15586 (2009)
J. Am. Chem. Soc., 130, 16144 (2008), cited 1106 times

&\\“’6 Anisotropy in Single-Crystal Photovoltaic
c® Adv. Mater,, 20, 435 (2008)

Transition Metal Oxide as Buffer Layer
Appl. Phys. Lett., 88, 073508 (2006), cited 1050 times
Accurate Measurement and Characterization

Adv. Funct. Mater., 16, 2016 (2006)

Glass

2005

Controlling of Active Layer Growth Rate (4.4%)

t ' 21
2003 (<1 % ) Nat. Mater., 4, 864 (2005), cited 5742 times
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YY Lab: B —EFREEN XL, XBRAE LRI

Example : Project-X (20
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UCLA YY Lab PVSK Research Milestones

cited 5632 times cited 169 times
Science 2014, Science 2018 Science 2021

Interface engineering of highly High-performance Reconfiguring the band-
efficient perovskite solar cells perovskite/Cu (In, edge states of photovoltaic
Ga) Se2 monolithic perovskites by conjugated
tandem solar cells organic cations

Turn to perovskite research

_l_ 2013 . 2016 2019 2022

2012 2014 2018 2021

Planar h_etero;unctlon Improve_d air stability oi_’ Constructive molecular Formation of
perovskite solar cells perovskite solar cells via configurations for

ideal contact
via vapor-assisted solution-processed metal surface-defect ,
. . passivation of perovskite
solution process oxide transport layers photovoltaics Nature 2022

J. Am. Chem. Soc. 2014, Nat. Nanotech. 2016 Science 2019
cited 2254 times cited 1650 times cited 200 times
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UCLA The Solar Resource
Black Body:

Black body refers to an object or system which absorbs all radiation incident upon it and re-

radiates energy which is characteristic of this radiating system only, not dependent upon the
type of radiation which is incident upon it.

Solar Radiation Spectrum

2.5
~— I L. |
- UV, Visible | Infrared —~  Solar spectrum: black body b, T,=5760K
cC | |
~ | |
NE 24 ! I Sunlight at Top of the Atmosphere
~
= :
S—r I
@ 1.5+ 5250°C Blackbody Spectrum
c
k= e
U 1 -
g Radiation at Sea Level
— H0  5760K
(©
: 0.54 H,0
) Absorption Bands
o 05 20 co, H,0
(Va)
0

-250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)
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A simple model on PV

hv
= L
— + 4 /
Wider Bandgap top, e” h h e + o+
bottom and sides e 4 - h h +€ h
© e e h
T h - R e N
Selective double hetero-structure Selective
hole electron
@ contact contact
Diffusion potential to contacts is typically <ImVolt.
k

= A good Solar Cell does not require a p-n junction!*

*http://energyseminar.stanford.edu/node/369 Courtesy of Prof. Eli Yablonovitch

25



What 1s a Selective Contact?

It passes one type of carrier but not the other.
The 1deal type of selective contact 1s a hetero-contact:

electron contact: E hole contact: A
A :
Ec
EFII ______________________________________ EF
E
EFp _____________ D
EV EFn
Bey Er
Ev
semiconductor metal semiconductor metal

Courtesy of Prof. Eli Yablonovitch




aad Better Fundamental Understanding Leads to
Breakthroughs

nkT I, —1I, nkT I
V. = —In[22—2] ~ — In(22
q Iy q Iy

Eli proposed:
qVoc = qvoc,max — kT|ln 77ext|

Voc max 1S the maximum V,_ that can be extracted
Next 1S €Xternal PL quantum efficiency




pressure head fvoltage

I

Open-Circuit !

Voltage (Vo) I
I

0 e

.
; S I water flow = current
r. o |/
! bottom leakage
I N oyeeyeyegmpeporoympoperey 4 ilk recombination
\
Short-Circuit Maximum Power
Current (isc) Point (Vi heud | 2 Wheel output = solar cell power
0
Voltage [Volts]

P C F= ] sc X [/0 c X F F Courtesy of Prof. Eli Yablonovitch




YYLABs

UCLA : .
- Power Conversion Efficiency

I
]
Open-Circuit !
Voltage (Vi) I
I
e L
-
g Maximum Power
= [
o !
B ’
ool IO .. oo o P e *

Short-Circuit Maximum Power
Current (/5) Point (Vi haax)

0
Voltage [Volts]

PCE= J, XV, XFF

12/12/2
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UCLA
Metal-halide perovskite solar cells: introduction

Metal-halide perovskite: An 1deal material 10r photovoltaic

Pblg octahedra

R [ ®) 24 o® »/
o o g : L A ¢ e Advantages:
(@) 4;»— ‘A’ cation . . .
o 0. ° oo e v" Long-range charge carrier diffusion
°o° o °S e Qe lengths
*—@ o . ° (@) .
® v" High defect tolerance
ABX, APbl, v' Strong absorption
A= CH;NH,* (MA*), HC(NH,),* (FA*), Cs* o .
Simple processing
B= Pb2*,
X=CI, Br, I
Si CIGS GaAs
Band gap (eV) 1.5 (tunable) 1.1 1.12 143
Absorption coefficient 1043 103 1043 1045
Carrier mobility
entti(Vs) Up to 2000 1500 <10 8500
Carrier lifetime > 100 ns ms 50-200 ns <100 ns
12/12/22 30

[1] S. Bauer et al. Nat. Mater., 2015, 14, 1032-1039



YYLABs

o? o?
' ‘ ¥ > N N
oo g e N 5| & /
..H)*L P A P
4 ;:’Z ‘7 -‘;0
’ X y N \ %
9 ¥
a= | " X - P
A i ' ¥ &
| | M| > | ¢ | ¥ % 4
A e \ R X | W | b T (S

- Large polaron effect enables extremely long carrier lifetime comparable to

that of high-purity inorganic semiconductors such as GaA:s.

[1] X.-Y. Zhu et al. Sci. Adv. 2017, 3, e1701217.

[2] V. Podzorov et al. Nat. Commun. 2016, 7, 12253.
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UCLA 3.1. Introduction-Electronic structure of perovskite materials

valence band Eg, conduction band

C 3- : |
(©) 23 ! G
- VALY
- s s ©
1 A ACH NHg i
0 L | -
% ; direct ;| Q| Ll (f)
Pb p o
NI | AR
-1 N | / i i (g)
- [p /\ i
2 —
X R M R I -10 -5 0 S 10
eV

— Valence band maximum (VBM) : from | p and Pb s orbitals
Conduction band minimum (CBM) : from Pb p orbital
— A cation does not directly contribute to VBM and CBM

12/12/2
2
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YYLABs

Introduction: perovskite solar cells

Device structure (SEM image) Energy band diagram

Anode (metal)

S
Hole transporting layer (HTL)

Pero’fvskite

Anode

- Electron transportl’hg layer (E;T.L)

o

P/ Ca&hode (corpuctmg §bas§)
CE ‘
& 1 500nm . T 0N <

»
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Kinetics control for enhanced crystallinity

Classical crystal growth theory:
Tune the activation energy to slow down

aN = Aexp| — Ea the crystallization process
dt kgT
it
5 g e
< g ok * %2 MAPbI,

MAIlePbl,eLewis base

i E_, «< intermolecularinteraction
Intermediate adduct a

X +:Y — XY
acid base adduct

Intermediate adduct phase is used to control the crystallization kinetics

[1] J.-W. Lee and Y. Yang et al, . Am. Chem. Soc. 2018, 140, 6317-6324.
12/12/22 34



UCLA

Part I: Strategies to Minimize Grain Boundaries

* Control the crystallization process

MAI+Pbl,+DMSO
in DMF

é(f, S

MAIePbl,eDMSO DMSO (g) T

.

}

After heating

Intermediate phase

<
.

12/12/2
2
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Caffeine: formation of adduct

Interaction between C=0 in

Molecular structure of b.
caffeine N -
g Caffeine
[}
|
N N: : £ "4 Wy
2 MAPDbI,+Caffeine
J z
{ ] E .
N N\ v MAPbI, |

/ 4000

3000 2000
Wavenumber (cm™)

1000

') C.
~
< A2
< .
o Caffeine W
3]
c
©
E
£
n
c
©
£ 59
F \
Adduct with Caffiene
4000 3000 2000 1000

Wavenumber (cm™)

=
g
-

b |

Dr. JJ Xue, ZJU 7

A

Dr. R. Wang
MAPbI3+Caffeine Westlake U.

|

MAPbI,

1800 1750 1700 1650 1600

Transmittance (%)

/g

Wavenumber (cm™)

Caffeine

Adduct with Caffiene

1800 1750 1700 1650 1600

Wavenumber (cm™)

[1] Rui Wang and Y. Yang et al. Joule, 2019.
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Perovskite thin film properties

1

—— w Caffeine
w/o Caffeine

—— w Caffeine
—— w/o Caffeine

Enhanced photoluminescence
(PL) and PL lifetime

Intensity (a.u.)
e

PL Intensity (a.u.)

A

Wi,

700 750 860 850 0.0 0.5 1.0
Wavelength (nm) Time (ps)
Enhanced crystallinity and preferred crystal orientation

~ 10}

— 3

0 - &

g z

§ ] w Caffeine @ s

> A :

2 5

S N osf

= ©

= £ —— w Caffeine

Ref § —— w/o Caffeine
A__A 0.4

10 ' 20 30 40 ) 50 20 40 60 80 100 120 140 160 180
) Azimuth Angle (Degree)

o

[1] Rui Wang and Y. Yang et al. Joule, 2019.
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UCLA

Device performance and carrier dynamics

d. 25 b. 100 24
o~ 23333333002 o~
£
s -20 - 80 §
E — E
Q -15 1 éo’ 60 b
b4 —— w Caffeine g @
8 -10 - —o— w/o Caffeine W 40- [7)
z w Caffeine e
o —— wl/o Caffeine S
t 5 204 s
=S =]
o o
0 T T T T T 0 T T T T . 0

Voltage (V) d.

o

Wavelength (nm)

-
o

-

o

= -
= S
& ©
o 081 —— w Caffeine t, = 285 s =081
g —— wl/o Caffeine 7, = 157 ps 5
— P
© 0.6 5 0.61 —— w/o Caffeine 1, = 2.67 ps
i o B
] o —— w Caffeine 7, = 2.08 ps
2 004
-= e

0.4 - L
% o
Q ©
N D 0.2
= 0.2- N

©
£ € 0.0-
2 0.0- S
z ) L] L) L] L] ] z
0 200 400 600 800 1000 0 é 1'0 1'5 2'0 2'5
Time (ps) Time (us)

[1] Rui Wang and Y. Yang et al. Joule, 2019.
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Improved thermal stability

1300 h at 85°C (NIP, PTAA as HTL) Aglar W/o caffeine o, )

1.0 -—— =
uJ0.9- \_."\-\‘_—‘
O
Qo3
o
8
%0.7
£
O 0.6-
b4 —a— w Caffiene

—e— w/o Caffiene
0.5
0.4 . . r . . r r r . . r r '
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
Time (h) —
™250nm ! 250nm
>F Ag Lal w/caffeine | .
w =
S F w Caffeine
=N T Y |
s F
(¢}]
N
1
£
S I Ref
e
z [ A P A A 1
o 1 o | o [ o [ o L o [ o [ o
10 15 20 25 30 35 40 45 50
Two Theta (Degree)

' 250nm '

[1] Rui Wang and Y. Yang et al. Joule, 2019.
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UCLA Part II: Impede ion migration via multi-valent interstitial doping

* (ations: effective additives to improve operational stability of perovskite solar cells

L “f ) {;“( 4 E ﬁ ﬂ 1 .
« . . Dr. YP Zhao, UCLA
Hence, 1t 1s important to find out an 4014 1358.1364 (2018)

e However, the ter efficient interstitial dOplng aic performances
Strain (%)
3 3 2 1 0 -1 -2 =3
Compressive{ |[Strain-free 3§ |Tensile s  0.-20f Simulation ® Hole
(1%) (0%) 1 H1%) @ oo AEl
—o—eo ectron
: QE,E 0.15} ~e—e 2,
2c< | P ~A—A_
\ §. 0.10p LATA—4 e A:EI
o ° ~e
- = E ~e
> 1.44 0.0t . . : : : :
(9]
= 1.49
H 2 \|/ \[ / \/
S & =\ ~\ =/
\g Y -
> 1
6 0 h* | | | ‘\\ 1 \\
uCJ == ;/ » ] e ‘ . . [ / A
X A TIX A TX A T Z RA ZZRA Z22ZRA 2
J. Huang et al. Sci. Adv. 3, eaao5616 (2017) S. Xu et al. Nature 577, 209-215 (2020)
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UCLA Comparison of the interstitial doping 1ons with similar sizes

(98.3pm) (100pm) (102pm)
* Relative energy on iodide 10n migration
¢ Confirmed tensile strain introduced by the cations: pathway:

3.0

3
8 0% to 5% Nd** doping 0% to 5% Ca?* doping 0% to 5% Na* doping <
2 4 /A 2
]
I 2
E i . E

— (V)]
(o] 137 13.9 143 (14
= 20 (degree)

0 5 10
Step -

[1] Y. Zhao, Y. Yang et al., Nat. Mater., Nov. 2022 12/12/22 41



Interior multivalent interstitial doping

* Less doping amount needed to reach the best performances of the devices

with Nd3*:
28
4 24 { Nd** o
Neodymium = £
. . y . ézz_ ¥¥ %*%T* :E) 20 4
@ ionic radii: = % @ 4 @ E .
20 2
98.3 pm - | | . | G 12
Ref 002 005 008 01 015 02 025 03 035 04 045 05 3 &)
z Forward
24 O 4 Reverse —o— —o— —o— —o—
Calci | ca® 5 . |
alcium <22 ¢ % % % © %0 02 o4 s 08 10 12
© onicradii: = % é % + & + % + Voltage (V)
11] DY * 1-
100 pm 20 ;
I T T [ I T I | T T | I T ;
Ref 002 005 008 01 015 02 025 03 035 04 045 05 3
23 —
{ Na* % % 01 -
Sodium 22 o %11 &
coqium g™ FeTEETE 2
© ionic radii: 521—% é i % ) g 13
] 5 = -
102 pm 20 Z 700 750 800 850 900
| | | | l Wavelength (nm)
Ref 002 005 0.08 01 015 02 025 03 035 04 045 05 0 o o8 o9 12 15 18
Time (us)
[1] Y. Zhao, Y. Yang et al., Nat. Mater., In Review (2021). 12/12/22
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UCLA In-situ photoluminescence of the lateral devices

» Suppressed ion migration with Nd** interstitial doping:
In-situ photoluminescence of the lateral devices

glass

With Nd3*

[1] Y. Zhao, Y. Yang et al., Nat. Mater., In Review (2021). 12/12/22 43



Higher activation energy for Nd3* doping

Suppressed ion migration with Nd3* interstitial doping:

Temperature-dependent conductivity

Nernst—Einstein equation:
—E

0o a
—exp (—kb T

o(T) =
(M =7
E, is activation energy; o(T) is the conductivity as a function of temperature T.

E, for 1on migration was extracted from the slope of the fitted lines at relatively higher
temperature.

ool % Nd>[ Cca”| Na‘ ¢ Ref
-4 . - %
: - ) ?
g e q&\ E : .
- 3 e L ® “o
~ f % E;=0812eV Y\ E,=0.703 eV *  E,=0.626 eV v E,_=0.425¢V
e Ctelee Teata “aat, . ‘..“““. ~~~~~
Linear fits®  ~"%----° Linear fits — ® e, ©® Linear fits® " 5--0_ Linear fits N
-20 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 Ld
© 2 4 6 8 10 2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
1000/T (K™ 1000/T (K™ 1000/T (K™ 1000/T (K™
[1] Y. Zhao, Y. Yang et al., Nat. Mater., In Review (2021). 12/12/22



YYLABs
UCLA Better device stability for Nd** doping 8

* Elongated device lifetime with Nd** interstitial doping:

3 Photo stability (90+10 mW cm)

£ 100

804

o 60 3 :

8 40 et * el e J- """""""" 3 +'2'+J-
B Ne' [ ca® W No* N o e e O -NdT —2=Ca’

e ol e o2 Na'  —9—Ref

> 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time (h)

Thermal stability (85 °C) (NIP, with PTAA)

3
0o A 2 3 4 5 b EJ) 80

Interaction energy (eV) a 60—_
B 40-
© 201
£ 0]
§ 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time (h)
[1] Y. Zhao, Y. Yang et al., Nat. Mater., In Review (2021). 12/12/22
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Jlinl
LL]

— B ARVERE, TEZRFE BT HBER
But rather than to worry about did one make a right decision or not,
We should develop a skill of re-build ourselves.

The right logic thinking and good habits
can always guide one to the right direction.
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July 2019 — October 2020,

| took a Leave of Absence to join the

. Westlake University in China

| for a reform of the high-level education.

Returned to UCLA in Oct. 2020

12/12/2 48
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* The cornerstone: Honesty and Integrity;

(FEXEMEE, T2RNEA)

* Find the best people; ¥ &R IFEI A A

* Let them play: MRIC (2Z X &RLH.)), so let the Pls
have fun to pursue the “impossible”.

* Plus the winner’s logic. .57 Y & i E 4
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I don’t want to repeat myself, so, | must reinvent the future.
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UCLA Wine Y tetuhmsdte b etaorn.

cule was missing. Fall 2021
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Summer 2022 1

August 202772

We re-built the team
12/11/2
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Competition is the key to success

« SKFEE—EEL, let us compete!
* Because we can only connect the dots backwards;

© RS RAERE IR —EES, RRMEIRERE
RE=ZFHE D FAIRFE, IR EREI R L.
* Rule 1: we back in three years and let the

committee to evaluate this group of young faculty
and YY’s achievements. (=FE 712, fTE [1zm8]) °

*Rule 2: HEEmEE, WEEE, EEFHTTFEE.
* Rule 3: YY RBLIBIR B YRI5 3R FTEEX.
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