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Loa

1. Hot carriers affect resolution detectors

2. Can be useful as bolometers

3. Graphene —2 lab for electron-phonon physics

4. Acoustic phonon bottleneck

EDISON-18, Matsue, 25/7/2013



Optical absorption (2.3%) Joule heating

optical-phonons
(200 meV)
Electric field + scattering
acoustic-phonons photons acoustic-phonons only
@eledron—el@
C =3x108 m/s
V:=1x10°m/s
S =2x10*m/s
photo-current or pump-probe noise thermometry (this work)
N.M. Gabor et al., Science 334, 648 (2011) F. Wu etal., APL97, 262115 (2010) (nanotube)
S. Winnerl et al. PRL 107, 237401 (2011) A. Fay et al., PRB 84, 245427 (2011) (Bilayer)
J.Yan et al., nnano 7, 472 (2012) K.C. Fong, K. C. Schwab, PRX, 031006 (2012)
M. Freitag et al., nphoto 453 (2013) A.C. Betz etal., PRL 109, 056805 (2012)
M.W. Graham et al., nphys 19, 103 (2013) A.C. Betz, et al. nphys 19, 109 (2013)
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Fano factor electron-electron
0,5¥ : : ‘ /
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2RW \ 3e? dx2  RLW

Steady state Heat conduction

— -P(TE -Tphj

Joule heating phonon P=T¢

a=5 in 3D metals (Wellstood, Urbina, Clarke, PRB 1994)
a=3 in 1D CNTs (Wu, ..., Hakonen, APL 2010)
a=d+2 => «a=4in 2D graphene ???
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1. Introduction : the Bloch-Grlineisen phonon resistivity

2. Relaxation by acoustic phonons
Betz et al., PRL 109, 056805 (2012).

3. Disorder assisted relaxation : supercollisions
Betz et al., Nature Physics 9, 109 (2013)
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OP-phonons
irrelevant
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T < Tgg (cold)

Fermi surface Available phonon

2 k,: > Qmax@ T

(Hwang-Das-Sarma PRB2008)
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1. Introduction : the Bloch-Grineisen phonon resistivity

2. Relaxation by acoustic phonons

3. Disorder assisted relaxation : supercollisions
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T > Tgg (hot phonons)

P(T > 0pg) = G,AT @ =2 (non-degenerate electrons)
Electron-Phonon conductance
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phonon cooling power phonon thermal conductance
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phonon cooling power phonon thermal conductance
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Gr/BN (diffusive)
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T, < Tge (cold phonons)
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1. Introduction : the Bloch-Grineisen phonon resistivity

2. Relaxation by acoustic phonons
Betz et al., PRL 109, 056805 (2012).

3. Disorder assisted relaxation : supercollisions
Betz et al., Nature Physics 9, 109 (2013)
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Sample GR/BN2

Replot

Sample GR/BN2

0.05 0.10 0.15 0.20

P (mW [um]®)

Nanophysics, Quy-Nhon, 7/8/2013

19



T° 1P (K’m’/W)

T, K
4 40 47 56 62
T T !
I I | |
4
2
3t A Tee Vg = +12 V (CNP)
5%
At (3 ®
2L %}:@Jf«‘««i’«i«u«uuoooooo oV
@;{' : “‘g“?L’{’:‘“e,:::#;:é“:¢¢‘.ﬁ:; LGKHKKHKK =
. 27y
1 ) ot LYYV YA YA 220V
5 V[E 4, N,
- @ T «““(Q‘(‘Q‘QQ“‘ -32V
0.5r ¢ -5 V
I 1 I 1 I 1 I
0 005 010 0.15

P (MW [um]™)

Nanophysics, Quy-Nhon, 7/8/2013

Replot

2,0

-1,5

20



T,> Tge

ph

electron-impurity

2 Ke < Omax

Theory : Song-Reizer-Levitov, PRL 109, 106602 (2012)

Nanophysics, Quy-Nhon, 7/8/2013 21



4t
QAT
. 3+ (@ BG Vg =+12V (CNP)
= ?"('«r( __ L
NE 2L 97,} AT 000000000000 ()
/Y N
YN Kaooi p
e 550, eRESERBIRRIRIKIRIRK -10 V
0
(al ° Q«‘ I‘I_AI))AA‘_A‘_A‘AA‘AA‘_AAA _20 V
=~ 1V & .
"o b g &,
=+ SRRy ~32 V
- Y Y
0.5F o -55V
| 1 | 1 | 1 | 1 |
0 0.05 0.10 0.15 0.20

P(T

P (MW [um]?)

> Opg) = AAT® = —
BG) Py

AWM 2K

£= 2,800 c? V157
-l O
as
O
10— L
-100 -50 0 — 00 em
Ve Vere (V) S 1.0] -~ -
A D
 08F Ok
A e T 0N
05— K'f{?.\->'r. NE 06 - [‘Cl:'
i A g F \/.;‘I“"'-.
= 04r
o L
02—/—"———
=20 <10 0 10
v, (v
0.0 T T T T T T T T T T T T
0 2 4 & 8 10 12
n, (10" cm™2)

Q'Gwzk{ﬂ(ﬁ - T3)

2 5o d ph
87 P N° 8V

Theory : Song-Reizer-Levitov, PRL 109, 106602 (2012)

Nanophysics, Quy-Nhon, 7/8/2013

22



4+ £=32800 cm? W15
A
() . ]
3 A\ Tee Vg = +12 V (CNP) 1 52
e (TS a I
> T T o0 O
NE 2+ 97,} T 000000000000 oV 104 1
/Y N\ & 1
0.8 7
™ 7% R RRIPIAG (01X S LA S }f
X 1) " RREREGQRRRORRRIORK -10 V 00 50 0 o
~ &L - { 4,000 cm? VA s
o A PN z Vivee ) 7
| LI 20V = A T
S 1E & . A & 7 oo8F
™ ) L @ <<¢((QQQ( N o A -.E:_ T o | II.:\.
S -] T x] 1
= S0 32 V > s coer Ry
| . ~\A 304_ =L 4] :I
0.5F o 55V 022050 0 1
| 1 | 1 | 1 | 1 | V(v
]
0 0.05 010 0.15 0.20 R
-2
P (mW [Mm] ) n, (10" cm™2)

P(T :i 95{‘;) = :1&1'_'3 — i X

Nanophysics, Quy-Nhon, 7/8/2013 23



Nanophysics, Quy-Nhon, 7/8/2013

Electron-Phonon conductance
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“ordinary collisions” rule momentum
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“Supercollisions” rule energy
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* Ordinary phonon collisions observed at low temp (T law)
* Phonon bottelneck (T law) is overcomed by supercollisions (T3 law)
 Need for a theoretical approach for disorder

 Hot electrons useful for photodetection (from UV to THz)
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