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1211 » (a) Overview of transient absorption measurements:
pump-generated charge carriers in the sample
change the probe transmission spectrum. (b)
Schematic of the femtosecond transient absorption
spectroscopy setup including pump-probe lasers,
beam modulators, a microscope, and a detector.
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J2!3» (a) Observation of spatially separated free elec-
tron- and exciton-dominant transient absorption
responses in individual perovskites at t = 0 ps and t
=1 ps (top). Scanning electron microscope image of
perovskites (bottom left). Representative spectrally-
resolved transient absorption features from the +
AA and -AA areas (bottom right). (b) Domain size-
dependent heterogeneous charge cooling dynamics
within a single perovskite grain.

=)
o
o
[l
ON
jﬂ

ek (11 28 3(a)ol et
o} o] sz nsbo|E Zzke] Aol
o w2 =3t F3F ojvd AdE B
|, J2 F5 5 19 Izt Ad B9 H2
B2glo|E AA A exciton®] 7|HE=7} &

4) 2152} A WA7} -5 A
Al 283k -AAGSB, F24) 2le7) 55 &
i, o] Asboll A FEaoksh P A
AA o] 23k GSB 97 A HAE] exciton
screening®l] 2]l PIA o <o] F7tx oz &

2 5o} ek Holt}, o] Az RE U]

A& F5e AZB 2T E AA M= A}
& A9} excitono] FAH O 2 EH7 Bxs)t
™ g5 Z-g-stth= o] BE Rt
HEZ w7 3 o|nA L Fl 2B LvolE
A2}e] 7ol A=<
AT A= =EshH= )
Aot (121, 28 3(b)ollA+=
}
e

HZB2Tbo|E i) shtoll ] Azt Bl &3k
o e =it FF 2 EHS ST F, d
kel 7%%-& Fermi-Dirac #4F #AZS o] &3}
of Azt &% FEE gk oln| ] AFE B

olEt, o] A= 2B AT EA of7]
H 2 Aake] 29 S5 AR o= ol
gk Aot} Fn| = 2 A} An| 7 oln]
Aol Holi= nute} o] HE2H7tolE AA
o] 7Pt o= vl 2 AR o] FAH o]
Ul o] FFollA] dxte] oufA] HE &=

b uh27) BREGE Aol ojsh 2o A=

3201214 23
(transition metal dichalcogenides)
oz}l E2e Ho] F<43} dichalcogenide
Al o] Agsle] van der Waals 248 o]F
FeEA] A} 532 =olo] ke P2 T2
Gt WA A AS Helv olAkel

r1r

il

BAo] Yol Frahe 35 vz 3

e} A5

e, Z8Ael FRaAe] AnE

&

==
Asto|[YAE A exciton
3

Al

1Y10°3WIBBIY MMM

*

w
=

L "ON ‘GE "10A Z20Z Asenigad



‘ Special Theme

w
N

AXH

=C}
=Ly

E’M F7| Fixtet

o] &-57] Y= ol =2 9] exciton F
A& of3ffsh= Alo] v-¢- T8l HE A
K S-S o] &3] ojxtd =4

=
Nol Aze A7 AE Qe Avh ma

-

[16]. 19 4(a)ollHE PSe, 7t ©@3olA th<
T%Z FAshar GSB 21571 Y= o
YA 97} ] g Ho = o] Fste 54
< Bt} o] Ay o)Xk B2 TV}
FAYAH F2E == excitone] Ho] oL A
7} eSellA o] 3k Bt
S S} Bt Pise, FAVE FAAAE
£57h o =g He
SAE #FHAE, o= Pset hE T2
£ ¥/3HHA] defecte] 71 7Hashe 54
A o= Sk Aot

ojatel EHo| o]F H Txo| FH

=

a3t

ke oAz o)

exciton oY =A] Ak

ol

ko

rO
-
(i

exciton®qt olUz} 2 A8t dEj7t A3k

A B4E 5 es wE AT A9t ok

= exciton EAJA FollUR] Al7]E S7HA|

ol e} excitondl| A el E A DA/ A E

Energy (oV)
«
«
o«

AT, (0%

......

T, (rom)

—
7/

/i

{ #

% 1
Energy (eV)

J214» (a) Observation of ultrafast exciton-dominant
transient absorption responses in PtSe; layers. (b)
Generation of high charge densities in WSe,/MoSe,

heterobilayers.
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