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Abrupt Glacial Climate Changes due to Stochastic Resonance
1 . Andrey G Iski and Stefan Rahmstorf*
d Sto C h aStI C reS O n an Ce . Potsdam Institute for 2’ Ir'lr:irfe 1::,:2(; ;i‘e?ve:::‘ch. lBLo.:l:SO!.;.;)I.:\;:-IJ.‘_? Potsdam, Germany
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Weak signals can be
enhanced by fluctuations

* Ingredients:
— Noise
— Subthreshold 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

excited state
(interstadial)

basic state
(stadial)
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Electron microscope images of a human hair
and micro-pillar fabricated @ our department
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e Technology & working principle
— Resonant tunneling diode
— Negative differential conductance & bistability
— Noise induced switching

e Stochastic Resonance

— Starting: From AC modulation
— To: Periodic light illumination

* Logic stochastic resonance (LSR)
- NOR & NAND gates
- Noise enhanced functioning
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double barrier GaAs
GaAs, \
n=1x10 cm ii';fpf;As Al,Ga, As
GaAS, v 3nm Al Ga, As,undoped GaAs
n=1x10 cm = 4nm GaAs, undoped Al G As
1 0 On 3nm Al Ga,  As,undoped v 0
15nm GaAs A -2
AN undoped GaAs -4
7 s
>
E o
*E J
 RTDs AlGaAs/GaAs/AlGaAs DBS “
« Dry chemical etching to define mesa from 1/
1 pm down to 50 nm o/ |
 BCB (polymer) for mesa isolation B R
o TOp Au/Ti/Ni contact Esaki, L. and Tsu, R.: Tunneling in a Finite

Supperlattice, Appl. Phys. Lett. Vol. 22 562 (1973).
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I hesore, RTD: Working principle

Technache Prysa iBversast Wiszburg
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(a) 'i" (b) « RTD is bistable with
I Iy = 800 pA
. Jum 8°°--”_-d-= 1" ------ "lvtz stable outputs |, =
double — ==IRE SR l 800 pA and I, = 270
barrier e : < 4001
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2 M * For Ppgise < Psg NO
s oo VA WWWN ¥ spectral component
il WWWWW WW at f = 500 Hz is
o ™ found.

=40 + JA"STde@f=500 Hz
ii 50 _'wmw,www-«wwwt~,ma\rwﬁ' "f*gr‘u?\."{mﬂb'w?’fW‘M‘ﬂ‘xr‘fr':“\*‘WTWWMfﬁ*\'f'fam“‘f““’ﬂ*-‘ﬁ“ﬂllq\hi

'120? S w0 a0 w0 s o0 12 * FOr Ppgise > Psr the
= 0 spectral component
S oo YN g o W‘W*“WWW*WM”'[W at f = 500 Hz is still
v ol apparent.

f (Hz)

At the optimum noise level, the spectral amplitude reaches
a maximum value and is decreasing apart Pg.
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O Vac=22mv ° For P

Vac =3.7 mV|] noise < PSR the
Vac=5.3mV

vac o] spectral component
L S— at f = 500 Hz is

| Increasing.

e Maximum
synchronization @

| Psr=> SR.
= * For P i > Psg the
o s 10 150 spectral component
noise ("W) IS decreasing again.

Simulations (solid):
- Ideal two state modell (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
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I Unerore’ SR: Under periodic light modulation  TE®
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 at 500 Hz

30 — T
* B Pjight =160 nW| * For I:)noise < PSR the
ad , O Plight =400 nW|- spectral component
20 dﬁoﬂ 020, : atf =500 Hz is
S 15- 0 gag 05" | Increasing.
R ‘o 9% o - e Maximum
2 10- L. = nfQ@0¢o .
. & el SO synchronization @
0{ mcf _ e For P, . > Psg the
0 20 40 60 80 100 120 spectral component
Pnoise ("W) IS decreasing again.
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Tectnache Prysis  Elilversitit Wirzburg
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At P, = 32 nW the output follows almost perfectly the input
signal !!
SR for either peridoic ac modulation or periodic light modulation
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At P ... = 32 NnW the output follows almost perfectly the input
signal !!
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Logic Stochastic Resonance (LSR)

ﬁ[@

undoped

600 nm
L=
15nm GaAs VoV,
3nm Al,;Ga, ,As = R R
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O Noise induced signal trains - Vac = 25.9mV Vac = 30mV
[ Mean value is efficiently

controlled by input signals

[ Can be integrated to arrays

[ No classical kT limit of
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Parameters:

- Logic inputs: V,, =0 (2) mV

- I=14,+1,=0+0=0

- 1=0+1=1+0=1

- 1=1+1=2

- Vac was set to 76.8 mV with a
frequency of 1 kHz.

Two universal logic gates:
- NOR/NAND
- Noise induced logic gate
switching
- Simulations agree with
experiment
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20. BXpaNmBnt  Itis useful to describe the
25] o o o on probability to obtain for the logic
20| - oiﬁ : -0 NAND gates by the differences
E 151 s @ e
$10f -0 T NOR:
e T <AV>=<V(I=0)>-<V(I=1)>
0 Eko | | | | NAND:
’ 1 I’no‘i?se (nW)3 ) <AV>:<V(|:1)>_<V(I:2)>
simulation

e Two maxima occur:

For the NOR gate operation:
P oise =0.9 NW

<AV> (mV)

And for the NAND gate operation:
P oice =1.4 NW

Pnoise (W)
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e Stochastic resonance in RTDs

e RTDs are bistable devices even @ RT

« SR for weak ac forcing with f = 500 Hz @ Pnoise =
32 nW

« SR for weak periodic illumination with f = 500 Hz
@ Pnoise = 32 nW
* Logic stochastic resonance

 Logic NOR & NAND gate with switching voltages
Vi,=02)mV
 LSR for both gates @ noise powers ~n\W
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