Misure di dinamiche elettroniche

Introduzione a spettroscopie Pump & Probe

ZQ, 29% Qa2 ome vhonwl& — O~ 80 -PS ( o""’! Q«.'(,\\\ u“’l ‘VLPO o-'>







o l
Ossidazione di CO su Ru _C__Q 4‘20& =N CD{
2
A%"o‘mo br‘)" 9. S ?J A rb C
-> CO

Ruthenium 1st layer

. Ruthenium 2nd layer
@

Oxygen

Carbon monoxide

1. oz..zg
2. (o

3. sabh 1 et |

4. - odtys CO,







F e+u}°°fSL e Mouols r‘“L,ﬂo ol f"*“" by
—D e V0L MUNQQ‘ di ¢

o
hv""@ I o0 s modibe b dishibiran dube ot ME)

‘ &9'\' eQﬁ»oMS Vivowo ~ 4 f’s
” Q"fowt 0-fv \ ' J@\-QQ})QO ‘\P ﬂ\) -0
&[ ~ 6000 k "_JD " QJOMV

VJ‘: QL %AY{ | |?t \ —
\ 4 &
A‘[{\ ] ‘\. ,___\t =) O ¢+ VQ“‘&A&

|.;,d/ T. Worviyper
E > ==}
g doon

e ho(,,(),a‘a,\h \.\‘f\ .F(E) L. e\L_;ﬂ N (n‘u)mjv wlo ho
—5.\/ 17 e,,/oh"’l*(a \ \\\)i H*" 0

Lo stato antilegante viene parzialmente riempito con un impulso di fotoni e la relativa Te=6000K. Lo stesso impulso provoca
un parziale svuotamento del primo orbitale occupato, che pero ha carattere non legante.
Complessivamente, I'impulso di fotoni indebolisce il legame O-Ru e mette l'ossigeno in uno stato attivo per l'ossidazione di

CO che gli sta accanto
13 AUGUST 1999 VOL 285 SCIENCE www.sciencemag.org



flux (arbitrary units)

050 100 150 200
flight time (us)

13 AUGUST 1999 VOL 285 SCIENCE www.sciencemag.org



first shot yield {counts)

0
pulse-pulse delay (ps)




Spettroscop|a Pump&Probe
722% rro i lp Pg)lﬁwo\, ) “"

"'f’“
RyAFS.
2. H YWve (XPS Y )
A""%%




L)u, — Oup hot eBchons (490.0...)
L“’l -0 NE)(‘B ©'§ (~530¢,V w”VOU”JNlDQLchQN

' /imM huove

‘0 CO
k J’ A o2p é CO 2rn" B
xXperimen 15
—1.5t03 ps
— -3100 ps el

- Curve fit

Contrast (%)
wn
1

KAS Intensity (Arbitrary units)

530 531 532 533 534 535 536 537 528 il 5 I ; _1!5 -1I,||:| -;}I,f. {]!ﬂ 0,5 1,ID 1.I5

hy ()

Delay (ps)

Science, 2015, vol.347



A XAS long time-delay

—— Pumped
S~————" 100 ps

27 ps
13 ps

XAS Intensity (Arbitrary Units)

-3t0 0 ps

L | | I I | I
028 530 332 534 936 D38 040 542

Photon Energy (eV)

Science, 2015, vol.347



t<O0fs 300 fs 500 fs 800 fs > 1ps

Science, 2015, vol.347



Timing and
synchronization
unit

ﬁ N Acquisition system

Electron analyzer

RF cavity

Probe pulses: _ i
hybrid mode filling

A‘I’(MLL Sfu(l-oL"-'\ ~ '00f$ SR N EQ}M?,D ‘H_ PS,
- ____________00_000000_]

Insertion device Sample







Best Research-Cell Efficiencies i“NREL

Transforming ENERGY

h2
Multijunction Cells (2-terminal, monolithic)  Thin-Film Technologies %
LM = lattice matched © CIGS (concentrator) Boeing- (IMM 4»Sjog3c7
48 1w =metamorphic ® CIGS Sper,tro%ah [ &
IMM=Envenled‘ar!atamomhic g CdTe . ) (LM, 364x) maséﬁ:&c) fire FhGISE/
v Threej_uncl!un (concentrator) Amorphous SiH (stabilized) Spectrolab | FhGJSE ™ SpireSemicon "y NREL
44 — x Pre_eju;ﬁdlun (nomﬁgenlmk)r} Emerging PV (MM, 289x) | (MM, 454x) ™\ (MM 406:)
A va!un ctr: {conce ug i O Dyesensilized cells Boeing-Specrolab  Boeing-Specirolab ™ - EL
B F‘:Sj;::' cﬁuntsmgm;{galur) O Perovskite cells (not stabilized) (MM, 179x) \._\\ (MM, 240%) \ 0 [ . 3199 (4 i:jfem
| ! A Peroyskite/Si tandem (monolithic) o SolarJunc ing- NREL
40 =] Four-junction or mere (non-concentrator) ® Organic calls (various types) NFI;\IERLE!_(iM UMM % Tx) (LM, 4181) EMDM
Single-Junction GaAs A Organic tandem cells > ~~Boeing- wmﬂm
A Sk i # Inorganic cells (CZTSSe) SPE“'“‘E" Sharp (IMM) Jv'\ [
36 A Concentrator & Quantum dot cells NREL _'_‘o-' Y ) - NREL (38.1x)
7 Thinfi stal {various types) (\MM) 2
o ki REL (f67%) NREL (M) 418
L »l Crystalline Si Cells Y Spectrolab i iy M
S o gﬁe crysta: Eumuem:m ; Vi waeL MREL  Enegy TESUPM (1028) Frc aSE(me R L " NREL (2589
e arystal (non-co " 216 —=TEeeemmmm= == i et o
a-. O wutticrystaline (na g . ) i oo Ui FRGISE (2324 Alta_Altd” SunPower (large area) A@ Al
L] ia]] o === W} Devices
5 Bl ¢ %mrgmmm (HIT) (2055() I‘rEL S"““”‘,‘f,‘fﬂ%ﬂ. [ '+ ‘m\\ PV
N g ——— y
g Eﬁ:ﬁ;ﬁ ] Kopin A
E A . i Uns W FIGISE g0 6 Sanyg g2
= (1) Wson A== === ===~ Hiesw UNSWI  NREL Sanyo |~ S0 gt _ e oy NEY e i N
© 2 Research Center) R UNSW . Georgia Eumsu]are EM’)\ —_— - ZSW v, s - KSE%E‘UNIST
_ ; (Georgia €OMGIA  Tech & & L
& Weshig. T - 8- the WA weeL NeLMREL F':F’?—%ulexer 7 \KR'CSLJM B et
h [] o & . Stutigart il R Tr #
6 Sandia g = Z NREL == TS S0 [ sf&?. PJ GILSU‘E‘{M - wsﬂﬂ'—ﬂ&l
é . L Iglaer?_\llnas e NREL_U Stuttgart UniSolar  Milsubishi E G Tew%wan
Solar chares Boeing UniSolar (aSiincSiincSi).__ N G
12— Boekng Kodak Kodak Kodak ARCO _ARCO, 7 B —Cr Sharp -k--'AUCLA \CCAS
et / : = 7 Phillips 86
Matsushita K‘)dak oemg Boemng ol
8 . U.of Maine Menosolar Solamer <=
Boeing NREL/ Konarka  Kanarka gy ]
U.of Maine EPFL Gmmnge‘e U. Linz ~ (PbS-0D)
41 \
Ao U. Linz U.Linz —/
RCA C ‘ (Zn0iPbS-QD)
0 | | Y N NN (N NN A SN (NN (N (NN NN Y (Y S TSN NS NN NN (NN NN (NN SN N (NN (N (N Y Y N N N SO AN TN N N |
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020



Cell Efficiency (%)

52

40

36

32

28

24

20

16

12

Best Research-Cell Efficiencies

IINREL

Transforming ENERGY

Emerging PV

O Dye-sensitized cells

O Perovskite cells

A Perovskite/Si tandem (monafithic)

® Organic cells (various types)

A Organic tandem calls

4 Inorganic cells (CZTSSe)

< Quantum dot cells (various types)

O Perovskile/CIGS tandem (monolithich

EPFL

L

i

|
!
A

Mitsubish

Sharp

U.Teronto
Solanmier Toronlo

NREL /Konarka Konarka

Groningen

EL
(ZnQ/PbS-Q0)
L 1 i i 4 ¢ 5 Db 4y {4 _f -3 T

(-
1975

11
1980

B L 1
1985 1990

L1
1995

1
2000 2005 2010 2015




Giunzione p-n organica EU pl\ l‘idfh{)vnﬂ*"" @%

er\secr.:;er(;%in 4. L,)/ Vit O40 vl;l‘p o,QF

<9"'LW<9 Energy offset f-v,oj]c/u«pk A
hv I @ ﬁo |
N LUMO 2. rrogaw o Coffit
(10 pone) ¢ - (one FCCTOVE
@ HOMO '
Donor  Acceptor 3 . SQ‘WWN "l‘m' £ cevovt oo P «%L*PM.
Organic Electronics 71 (2019) 45-49 4 0 + HM"OV lo 0\: One

ob b (T Postise)
n“ @

qo..{u\-& Cco



p-type

pentacene

CuPc coronene

rubrene

n-type

R
R
R

R F
R
F F

tetra(pentafluorophenyl)porphine

Fullerene



BHJ Solar Cells

A

HTL

+) Donor
Active layer {

Q@ Acceptor

v ETL
Cathode
EVacuum =0 Donor LUMO
Donor |, Acceptor
Light

Acceptor

Energy

Energy Environ. Sci., 2014,7,499-512



Singlet Fission

Harvest 2 elactrnn-hule palrs for 1 absorbed photon in a solar cell.
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(a) Forster Energy Transfer
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