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Wirzburg is famous for:

* Wine (Wine producer of the year:
Weingut Horst Sauer)

* And Dirk Nowitzki

Tectnache Prrysa Uiversdd Wrzburg

Wdrzburg is located in the
northern part of Bavaria.

The region: Franken

Population: 130,000

Students: 24,300
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WURZBURG Overview
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Department of physics and astronomy
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Wilhelm C. Réntgen
Nobel Prize 1901
(X-rays)
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8 experimental physics chairs Klaus von Klitzing
5 theoretical physics chairs Nobel Prize 1985
+ several experimental and theoretical groups (Quantum Hall effect)
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UNIVERSITAT Motivation: Stochastic resonance (SR), a noise e @
WURZBURG  enhanced information transfer process el A

VOLUME 88, NUMBER 3 PHYSICAL REVIEW LETTERS 21 JaNuary 2002
¢ StOChaStIC resonance. We ak Abrupt Glacial Climate Changes due to Stochastic Resonance
Slg naIS Can be en han Ced by Andrey Ganopolski and Stefan Rahmstorf*
- - Potsdam Institute for Climate Impact Research, Box 601203, 14412 Potsdam, Germany
ﬂuctu atIOI’]S (for areview Ref [1]) (Received 5 July 2001; published 4 January 2002)

* Ingredients:
— Noise
— Sub-threshold signal

— Non-linear system, e.g. bistable
systems

SR as model was introduced to
explain the periodic recurrences of
ice ages: Benzi, Parisi, Sutera,
Vulpiani [2]

SR has been found in various
systems, e.g. in crayfish
mechanoreceptors [3]

excited state
(interstadial)

basic state
(stadial)

[1] L. Gammaitoni et al., “Stochastic resonance”, Reviews of Modern Physics, Vol. 70, No. 1, January 1998
[2] Benzi, R., G. Parisi, A. Sutera, and A. Vulpiani, 1982, Tellus 34, 10.
[3] Douglass, J. K., L. Wilkens, E. Pantazelou, and F. Moss, 1993, Nature (London) 365, 337.
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UNIVERSITAT Motivation: A human hair is still a macroscopic

WURZBURG  “device” ER 0

Electron microscope images of a human hair and
a micro-pillar (fabricated @ our department)

J.P. Reithmaier et al., ,,Strong
coupling in a single quantum
dot—semiconductor microcavity
system®, Nature 432, 197-200
(11 November 2004).
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o Growth, fabrication and transport properties of nan oelectronic
devices

— Growth of 2DEGs and fabrication of electron waveguides.
— Growth and fabrication of resonant tunneling diodes (RTD).
« Universal logic gate switching in resonant tunnelin g diodes (RTDs)
— Universal logic gate switching => NOR to NAND
— Logic stochastic resonance (LSR)
e Stochastic resonance in nanoelectronic devices
— SR in electron waveguides
— SR in RTDs for ac and periodic optical modulation
* Noise activated nonlinear dynamic sensors
— Magnetic field sensor based on (bistable) electron waveguides
« Energy harvesting: The quantum harvester class
— Transport as a consequence of state dependent diffusion.
— Optimal energy to quanta conversion: A coupled QD system.
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WURZBURG  glectron gases based on AIGaAs/GaAs e F
/10 nm GaAs
«50 nm Al ,Ga (As:Si
Spacer‘, Amietied g
2
IDEG 2000nm GaAs AlGaAs Conduction band
Z Si n-doped onduction ban
AlGaAs
10 x Spacer
10 nm GaAs
25nm Al (Ga jAs
200nm
GaAs E;

Growth direction

« 2DEG

 Modulation doped GaAs/AlGaAs heterostructure (HEMT).

e Grown by molecular beam epitaxy.

« High mobility p = 1.1*10° cm?/Vs and charge density n = 3.7*10%cm
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umvmsmu Fabrication of electron waveguides and other
WURZBURG nanoelectronic devices

L]
res St [ AuGeNi contact
| [ JAIGaAs
B ODEG in GaAs uc2

i

exposur
e

=

development

« Samples are grown by molecular beam epitaxy. —>+ Resist (e.g. positive PMMA).

» Electron beam or optical lithography. —>, Development of the resist.
» Evaporating the etching mask (e.g. Cr) & Lift-off. —>+ \Wet or dry chemical etching
* Remove the etching mask (HNO,) (e.g. ECR-RIE)

DONE! (plus contacts)




UNIVERSITAT Growth and fabrication of trench etched and
WURZBURG  three terminal resonant tunneling diodes (RTDs)

* RTDs based on the GaAs material system with
AlGaAs/GaAs/AlGaAs double barriers.

double barrier GaAs

15nm GaAs, l \A Al Ga, As

undopecl

GaAs
2 100n 3nm Al Ga, As, undoped GaAs
n=1x 10 cm
4nm GaAs, undoped
3nm Al Ga, A I:i d Al,Ga, As
nm a S,un: ope
100n |
15nm GaAs A
undoped GaAs
Z
600
i RTD diameter:
g — 1 um
E
— 750nm
4004 _ 500nm

* Dry chemical etching is used to define RTD
mesas from 12 um down to 50 nm.

 BCB (polymer) for mesa isolation. o . ,

« Top Au/Ti/Ni contact. 0.0 04 S?V) 12 16
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UNIVERSITAT Resonant tunneling diodes (RTDs): Tunable
WURZBURG  pjstability via the load line effect
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* Growth, fabrication and transport properties of nan oelectronic
devices

— Growth of 2DEGs and fabrication of electron waveguides.
— Growth and fabrication of resonant tunneling diodes (RTD).
e Universal logic gate switching in resonant tunnelin g diodes (RTDs)
— Universal logic gate switching => NOR to NAND
— Logic stochastic resonance (LSR)
e Stochastic resonance in nanoelectronic devices
— SR in electron waveguides
— SR in RTDs for ac and periodic optical modulation
* Noise activated nonlinear dynamic sensors
— Magnetic field sensor based on (bistable) electron waveguides
« Energy harvesting: The quantum harvester class
— Transport as a consequence of state dependent diffusion.
— Optimal energy to quanta conversion: A coupled QD system.




ulius-Maximilians- - 4 L .
UN]{/ER5|TAT Reconfigurable logic universal gates: Noise EE
WURZBURG  jnduced firing rates in RTDs bl

m [ Electron microscopy images of a trench
__ etched RTD with diameter d = 600 nm

[ Branches serve as logical inputs
gﬂD nm

[ Noise induced signal trains

O Mean value is efficiently 0 200 400 60O 800 1000 0 200 400 600 800 1000

i i time (ms) time (ms)
controlled by input signals | Vac = 25.9mV

[ Can be integrated to arrays

[ No classical kT limit of
transconductance

0 200 400 600 800 1000 O 200 400 600 800 1000
time (ms) time (ms)
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Veu

. "4V, =23 mV A V
. V2 4 Vit V1
il 00 nm ,g ! !
) \:/H \:/!2 >Vdc
Switching voltages: V, =V, = 0mV
140-"'@6'5'5"&'5'6 §1000.E """"
_130- ~
S : S
.§,120' O * Threshold] ¥ 100 :
A 110. o : —| g ] e/kT
S _ _ Lo 1=0+0=0] | l\j
V1001 ‘ S 10
loo ™ A :
90 - > |
23 74 25 26 27 28 2030 ° 24 26 28 30
Vac (MV) Vac (mV)
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WURZBURG N AND configurations

Vou V..,

=z ¥ 3 d \;UA Vo =23 mV \;UA V,.=27 mV
ek | B T
B 200 0m  E ! v |
: V. v, > Ve v >V,
Switching voltages: V, =0,2mVV, =2, 0 mV
140""'@5'5'5'2'2'5 21000/
S130) 00 I3
T : i > ]
E 120- O a Threshold] ¥ 100 ]
' : (8) ] e/kT
A 110 O : o 1=0+0=0" © ]
Vol . 4 o I=110=1] j §
| _go @s sr=ov=t] 710
90- 8 = 74 : 3 |
23 24 25 26 27 28 29 30 ° 24 26 28 30

Vac (mV) Vac (mV)
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I W

URZBURG  NAND configurations

~ . |

Switching voltages: V, =V, =2 mV

Vout
4 Vac -

23 mV

4 v

\l/H \./12

140 o0 B—0 g g g
_130] - #68 -
= ‘ ? : :

-.g 120/ El a v Threshold]
Q 110'_ = A v@ o 1=0+0=0
\"/ 100- ] Vo 1I=1+0=1|]
| o 8 o o 1=0%1=1]
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UN,I\';IEEMSHILAB? Reconfigurable logic universal gates: NOR and
WURZBURG N AND configurations & truth tables

o 2
O =

1
01
11

o

140 Lo 8 o o o 21000
130 A
S s
E 120 ‘ ¥ 100.
s 110f @ S
100 _ 3 10.
(m A
90{8°6 _ , v
23 24 25 26 27 28 29 30 = 24 26 28 30 NAND
V,c (mV) Vac (mV) -
.y 001
0 101
0 < > 01]|1
0 11]0

O Switch from NOR to NAND for AV,

voltage 2 mV.

< 1 mV with a logic input




Julius-Maximilians-

UNIVERSITAT Reconfigurable logic universal gates: NOR and ER @

WURZBURG N AND configurations & ST simulations
experiment _
1401 5 ‘0 c’.- 2
e @ee o 21000
§130' W V A
z S
£ 120 nNOR ONAND: Threshold] Y. 100; o=
4 110+ o : V o l=0+0=0] _® =
v A Vi) P
100 = o o v A 1=0+1=1 "I'-\- 10‘ il
9016 ¢ 6@7 wov =) 2
23 24 25 26 27 28 29 30 24 26 28 30
Vac (mV) Vac (mV)
simulation —
1401 3 21000
. . . . —~130- A
O Schmitt-Trigger simulation. > S
£120- ¥ 100.
3 All Parameters from the 4 110 >8
. Vv
i ©
experiment. 100 3 0.
[ Excellent agreement !! 90 ——— 1 X .-
23 24 25 26 27 28 29 30 24 26 28 30

Vac (mV) Vac (mV)




Julius-Maximilians-
UNIVERSITAT Reconfigurable logic universal gates:
I W 3 Al =G

URZBURG N OR/NAND high noise robustness .

140
<130
£ 120
4 110
¥ 100
90 " : I 1
23 24 25 26 27 28 29 30
Vac (mV)
Vac—246mv Vac—266mV
140dNOR conflguratlon | — 140_NAND conﬁguratlon '
_130] " 30 T
> | s ““““““ > vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
£1201 g £120; Threshold]|
4 110 —o-1=0  £110; . o I=0-
Vv " 4 —o—I=1 v —o— =1
100~‘ . v v I1=2] 100+ v v 122
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
ofl ofl

O Robust response to the noise floor up to 100% of logic input
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UNIVERSITAT Reconfigurable logic universal gates: Logic ER
WURZBURG  stochastic resonance ST @i.

experiment

Previous:

140 L NOR [ NAND

« Universal logic gate switching
controlled by the amplitude of the
periodic forcing V,..

0 1 2 3 4
Pnoise (W) Now:
simulation

MoK fnano. ' '  Universal logic gate switching
solely controlled by the noise floor.

 Two universal logic gates:
NOR/NAND.

Pnoise (nW)
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WURZBURG  from noise in logic operations L
" experiment For the logic NOR gate:
25, oA, o .o NOR
20/ 3 Q‘o « The mean value difference is
EfS] Coom defined as
Y <V>=V(1=0)-V/(I=1)
j:i.. n'l:l--ig... -
o e ° P.0isc=0.9 NW the maximum
o 1 2 3 4 corresponds to the logic NOR
Pnoise (N"W)
simulation

For the logic NAND gate:

e The mean value difference
Is defined as

<V>=V(I=1)-V(I=2)

<AV> (mV)

4 - . . ' P oise = 1.4 NW the maximum
0 1 2 3 4 ;
Pnoise (NW) corresponds to the logic NAND
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* Growth, fabrication and transport properties of nan oelectronic
devices

— Growth of 2DEGs and fabrication of electron waveguides.
— Growth and fabrication of resonant tunneling diodes (RTD).
« Universal logic gate switching in resonant tunnelin g diodes (RTDs)
— Universal logic gate switching => NOR to NAND
— Logic stochastic resonance (LSR)
e Stochastic resonance in nanoelectronic devices
— SR in electron waveguides
— SR in RTDs for ac and periodic optical modulation
* Noise activated nonlinear dynamic sensors
— Magnetic field sensor based on (bistable) electron waveguides
« Energy harvesting: The quantum harvester class
— Transport as a consequence of state dependent diffusion,
— Optimal energy to quanta conversion: A coupled QD system.
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() y Overdamped motion of a Brownian
® particle in a bistable potential in the presence

\ / of noise and periodic forcing

ANATE X= -V () + A, Ot +§) + E(1)

m % m with

1, 1.,

. V(X)=—=X"+—X
2 4
D \& \ Noise-induced hopping between the local

equilibrium states with the Kramers rate

Y\ /N N B\
o © & “ 2 P D
\ \@/\/ / The time-scale matching condition for
@ / stochastic resonance:
L. Gammaitoni et al., “Stochastic resonance”, Reviews Ta) = 2TK

of Modern Physics, Vol. 70, No. 1, January 1998




UNIVERSITAT Stochastic resonance in resonant tunneling Ef @
WURZBURG  djodes: Exploiting noise & nonlinearity e

e RTD is histable with

(@ (b)
‘s i =500 pA stable outputs I, = 800 YA
Ay T 'l"tz and I, = 270 pA
undoped ] L~ HA.
double —» = RZ IR
doped '
Ly — | . -
00-0 0.2 04 06 08 1.0 1.2 1.4 PVR 3
(c) (d) T
stochastic periodic Y1 TE—— waess. s o Noise induced
| ot switching between the
200/ | '“'I' o~ 1 I_W | two stable states
— 600}y 4ot 1 oy gl - appear.
s{JlILTATTATIR
2 400 [ | . .
200! i Time scale T, is given

LLLEE
PR Gmemsy " Dbythe inverse of the
Kramer's rate.




um\'/'ERMsﬁ'AT Recording of SR: Spectral response <V> versus e @
WURZBURG  the noise power added to the device el A

-40

e For P, < Pgr NO

30 MWMWWWWWNWWWWW spectral component at f

-120 = 500 Hz is found.

<V> (dbV)

T T T T T T
0 200 400 600 800 1000 1200

a : | at—"37dbV @ f = 500 Hz
P L ‘*rr‘nrfm'wnwwr‘fm“wWwwrwu‘r'm‘n“*f*'w-‘k‘%,q\ﬂ

-120

<V> (dbV)

f) ' 2(;0 | 4(IJO ' 660 ' 860 ' 10I00 ' 12I00 o FOI’ P > PSR the

noise

s | - e spectral component at f
3 oo IR IS I = 500 HZ is stil
o apparent.
0 200 400 600 800 1000 1200
f (Hz)

» At the optimum noise level Pgg, the spectral amplitude reaches a
maximum value and is decreasing apart from Pgg.
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E’RZBURG frequency f = 500Hz m:léoi

(m | Vr:.|c=2.2 mV
Vac = 3.7 mV|]
o075 m spectral component at f

Vac=7.5mV|-

=500 Hz is increasing.
%_ 15- e Maximum
E ] synchronization @ Pgg
% 104 => SR.

e For P, e > Psg the
spectral component is
decreasing again.

0 50 | 100 | 150

Phoise ("W)

Simulations (solid):

- Ideal two state model (Schmitt Trigger) with parameters from the experiment.
- e.g. the barrier height was set to 16 mV as the hysteresis width of the device
was 32 mV.




Julius-Maximilians-
UNIVERSITAT Stochastic resonance: Periodic optical ER
ERZBURG modulation with a frequency f = 500Hz = @i
Now:
 Change from ac modulation to a periodic light modulation.

 Energy of the light E = 2.73 eV (448nm) above the GaAs bandgap.
* Mechanically chopped light signal at f = 500 Hz.

30

_ "0 Pygng=160 W] - e For P, e < Psg the
25 - o O Pjight =400 nW| - spectral component at f
”0. % o'o°°. ] =500 Hz is increasing.
oo B =
o R - © o ‘ .
2 15- /B gog 047" -  Maximum
s % 0 - T . . hronizati P
2.0 N B 0_000, | synchronization @ Pgg
v a o Bo => SR.
5- 8i:| .
o] gf ) * FOr Proise > Psr the
- spectral component is
0 20 40 60 80 100 120 decreasing again_

Phoise (NW)
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UNIVERSITAT Stochastic resonance: Time trace signals
WURZBURG

80
~ o L
E 4« J
>
. - u nm w
]
0.0 2.0
1 time (s)
80 -
_ I™N W AP M e e N g bl b e ey
~ J
E 404
> - by e w W MW Y b ey
o 1 | 1 L 1
0.000 0.005 0.010 0.015 0.020
time (s)
; Hq‘j My v gy AR fh
E |
- | |
i | W y " CALLU I o UL A
0 I 1 X I L 1
0.000 o.oos 0.010 0.015 0.020
time (s)
At I:)noise

signal !!

I:)noise

P

P

noise

noise

= | @
=2 nW

=32 nW

=112 nW

= 32 nW the output follows almost perfectly the input




ximilians-

UN“';'EU}gMg',.TAT Stochastic resonance in three terminal electron
WURZBURG  aveguides: Noise activated switching

. . . Ong OVic)ias
e The input and the working point
volta iti Re= =R
ges set the condition of the br
: V, o— —oV,
Y-branch switch.
* Self-gating Ieads_ to a bistable V B
transfer characteristic. Y B
» Noise induced oscillations occur o -
 All measurements @ 20K. = T
0.8fhighsiate™ ——— Input signal: |
E 0.7 208 noise induced| Vg (t) :Vg ’O + a\/g ° Sln(@t)
Y | wansitions Weak periodic signal:
' ]owsae

-0.252 0250 0248 -0. 246 -0.244 -0.242 a\/g — 1.3mV

Vg (V)
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WURZBURG  \yaveguides: Intrinsic (noise) timescale

* For the unmodulated system, e.g. f = 0 Hz, the residence time

distribution decays exponentially.
 The exponential decay is the inverse of the Kramer's rate and given

by Ty. 0.20 — —
T _ Egis.i?ﬁnce time distribution |
NL H (T) |:| eXp(——) 0.15
’ T
E; 0.10

From fitting:

T, =(0.502+ 0.044)s

I\

0 1 2 3 4 5
T (9

Time matching condition of SR: Ta) — ZTK
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WURZBURG \ygyeguides: Residence time distributions —

_ 0.2r 0.2 0.2
2 |F0Hz f=0.6Hz o Forf<f,the
= 0.1l 0.1 0.1k residence time
e ' ' distribution is strongly
= \/\ controlled by the noise
Y1234 2 4 6% 123
T (s) T () T (s) *Forf>fsrodd
04} 0.41 0.4 multiples of the periodic
N f=1.0 Hz |l f=1.8 Hz |l f=24Hz  forcing T, occur:
-
<~ 0.2} 0.2 - 0.2
=" ,/\A % T =(2n-1T, /2
0.0 Lo g 0 ldAA L g0l llan
o 1 2 3 0 2 3 0 1 2 3
T (s) T(s) T (s)

At the optimum frequency f = 1 Hz the residence time distribution
Is almost perfectly restricted to the first peak.
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UNIVERSITAT Stochastic resonance in three terminal electron
WURZBURG  \ygyeguides: Time traces

0.8 Y T i T o T T T " T
0.7

0.6 g™ .
0 5
0.8F ..,
0.7}
0 1 2 3 4 < 6 7

f=0.1Hz

Vr (V)

10 15 20 25

30

f=1Hz

Vi (V)

0.8
0.7

0.6 1oy
0.0 05 1.0

f=1.8 Hz

Vi (V)

1.5 2.0 25 3.0 35 4.0
t(s)

|0

At f = 1 Hz the noise dynamics and the external (weak) periodic

forcing are synchronized => Stochastic resonance.
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UNIVERSITAT Stochastic resonance in three terminal electron
I Wil 'R @

» The strength P, of the first peak at L0
T, /2 (the area under the peak) is - ‘0\.
a measure of the synchronization 0.8} / \ -
between the periodic forcing and _ o ®
the switching between the wells. / '\
0.6 B ® .. =
. . —
P, is defined as o
T, +aT, 04r '
— @
R = [N.(T)dT 02 :
Tl_aTa) i
OO P B BEEPU BEPE B
With n=1,2,... 0.0051.015 2025

And 0<a=0.2<0.25 f(Hz2)
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* Growth, fabrication and transport properties of nan oelectronic
devices

— Growth of 2DEGs and fabrication of electron waveguides.
— Growth and fabrication of resonant tunneling diodes (RTD).
« Universal logic gate switching in resonant tunnelin g diodes (RTDs)
— Universal logic gate switching => NOR to NAND
— Logic stochastic resonance (LSR)
« Stochastic resonance in nanoelectronic devices
— SR in electron waveguides
— SR in RTDs for ac and periodic optical modulation
* Noise activated nonlinear dynamic sensors
— Magnetic field sensor based on (bistable) electron waveguides
« Energy harvesting: The quantum harvester class
— Transport as a consequence of state dependent diffusion,
— Optimal energy to quanta conversion: A coupled QD system.
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E’RZBURG (NANDSs): A short introduction EF @

Technesche Prysk Wrzburg
— without signal
Vout . . P o A R 7= S Ea R ;
A | with signal i 1
. :<. t >
Vt? VW Vt1 Vin
The variable of interest is the residence time
difference AT between the time spend in the
two stable states T, with From: L. Gammaitoni and A.D. Bulsara,
—T _ .Noise Activated Nonlinear Dynamic
AT =T,-T, Sensors “, PRL 88, 230601-1 (2002).

The response of <AT> for large noise

intensity o Is (expanded to first order in € ;
(target signal): (AT) = deNJ7r7 /02 exp[i:.-j‘/lr,rf:]ert( ; ) + 0(€?)
3 2T
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UNIVERSITAT Magnetic field sensors based on the residence
WURZBURG  ime difference in electron waveguides

* The detector in biased in the strongly oy, oV
; : : bg bias
noise activated regime.
. RE ERy
e Switching between V,, and V_solely V00— —oV,,
controlled by the internal noise.
V: barrier B
» Magnetic field is applied perpendicular _ggr
to the motion of electrons. Vup
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 The magnetic-field induced
switching (between V, and V) is
associated with an interplay
between a scattering asymmetry
at the boundaries. [1]

Increasing magnetic field:

*The output V,, decreases linearly down
to a magnetic field threshold B,

* Transitions between the two stable
states occur within a magnetic field
range AB.

*The output V,, changed its stable state
fromV,, =V, toV,, =V,.
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[1] D. Hartmann et al., PHYSICAL REVIEW B 78, 113306 (2008).
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and T, (low state) is increasing with increasing B. AT ( B) — TO —cB

» Qutput AT is a linear function of the magnetic
field around the symmetric point AT =0 s.

» Target signal (magnetic field) independent
sensitivity.
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* Growth, fabrication and transport properties of nan oelectronic
devices

— Growth of 2DEGs and fabrication of electron waveguides.
— Growth and fabrication of resonant tunneling diodes (RTD).
« Universal logic gate switching in resonant tunnelin g diodes (RTDs)
— Universal logic gate switching => NOR to NAND
— Logic stochastic resonance (LSR)
« Stochastic resonance in nanoelectronic devices
— SR in electron waveguides
— SR in RTDs for ac and periodic optical modulation
* Noise activated nonlinear dynamic sensors
— Magnetic field sensor based on (bistable) electron waveguides
 Energy harvesting: The quantum harvester class
— Transport as a consequence of state dependent diffusion.
— Optimal energy to quanta conversion: A coupled QD system.
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Diffusion constants :
D = pkTyy, gin H
D = ukly, ginL

VA

For systems subject to thermal noise,
the Boltzmann factor is

-V
exp—
p(kT )

M. Blttiker, Z. Phys. B 68, 161 (1987).
R. Landauer, J. Stat. Phys. 53, 233 (1988).

* Double well potential with
minima located at A and D.

* D is the energetic favorable
point D with D <A.

* Consider two temperatures
at the slopes T, and T4
with Thot>TcoId.

For systems with mobility u subject to drift
and state dependent diffusion the
Boltzmann factor is

expt-¥ (q))
with W(q) = — /Oq dp ;((Z))
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_ V(g) = V(g +2n)
> V(q) = V(1 — cos(q))
: D(q) = D(g+2m)
- D Y(q) = Dyt (1 — a cos(qg—¢))
DO — ,u,kT
G ¢ . v(p)
> W(g) = — f dp
-- 0  D(p)
o W(g) = W(g+2m)+2rA
M. BUttikIer, Z. Ph)(;SMBBGi,t_t61 I(Dlr?87)|.? Lot 81 - NVO
e g S e o ot wits & ="505 sn)
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| E, | = exp(——=)sin
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um\h}"f;'sﬁ“;"’rmi"f Energy harvesting in nanoelectronic devices:
WURZBURG  Optimal energy quanta to current conversion

= o/ Proposed by R. Sanchez and
O‘_m_l_m_"g M. Biittiker, PRB 83, 085428
i (2011).
c I_Jg
q E
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Every energy quantum of
heat flow gets converted into
a quantum of charge flow
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* Growth, fabrication and transport properties of nan oelectronic
devices

— Samples are based on GaAs/AlAs and grown by molecular beam epitaxy
— Dry and wet chemical etching is used to define the structures
« Universal logic gate switching in resonant tunnelin g diodes (RTDs)
— Two universal logic gates => NOR to NAND for AV, ~ 0.1 mV
— Logic stochastic resonance (LSR) with P, .. ~nW
« Stochastic resonance in nanoelectronic devices
— SR @ f= 1Hz in electron waveguides: Tuning the periodic forcing
— SR @ f=500Hz in RTDs for ac and periodic optical modulation: P, = 160n\W
* Noise activated nonlinear dynamic sensors
— Magnetic field sensor based on (bistable) electron waveguides
« Energy harvesting: The quantum harvester class
— Transport as a consequence of state dependent diffusion,
— Optimal energy to quanta conversion: A coupled QD system.
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