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Classical “r at ch e t  an d  a p o w l”

Spatial asymmetry is not 
enou g h  f or d irec ted  
motion,  if  th ermal 

eq u ilib ru m is preserv ed

Smoluchowski (1912)

A t Т
1
≠Т

2  
th e d irec tion of  motion d epend s 

u pon th e sig n of  asymmetry

F e y n ma n (196 0)



Intro.  L a te ra l  na nos tru c tu re s . Q u a ntu m  p oi nt 

c onta c t

Gates’ el ec tr i c  f i el d  al l o w s to  tu n e th e 

tr an sv er se en er g y  q u an ti z ati o n  i n si d e a 1 D  

c h an n el

Ι

V
0

van W e e s e t  al .  and  W h ar am e t  al .  (1 9 8 8 )

V
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Q P C  C o n d u c tan c e q u an ti z ati o n



Intro.  Q u a ntu m  d ot ( Q D )

Charge quantization on an almost 

isolated  island



Intro. Q u a ntu m  d ot ( Q D )

Coulomb Blockade

Fluctuations of electron number on a QD is impossible at low 

temperature,  because of th e C oulomb interaction. QD is isolating .

Ι

V
0

V
0

Con duct an ce os ci llat i on s

lifting  a block ad e:

E ( N + 1 ) -E ( N ) = µ

Shechter ( 1 9 8 ? )



Intro.  D ou b l e  Q u a ntu m  D ot

Ι

Vg1Vg2

For current to flow the Coulomb 

block a d e should  be li fted  i n both 

seri a lly  coup led  Q D ’s

van d e r W i e l e t  al .  (2 0 0 3 )



Intro.  D ou b l e  Q u a ntu m  D ot
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Intro.  P h oton-a s s i s te d  tu nne l l i ng i n D Q D

∆

Inelastic transitions between the states localized 

in dif f erent dots g iv e rise to a

cu rrent in D Q D ,  in the absence of  p otential 

dif f erence between the leads.

R esonant m icrowav e p hoton absorp tion:  hν=∆

van d e r W i e l e t  al .  (2 0 0 3 )
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Experiment. Nanostructure

• M e t a l l i c  g a t e s ( e -b e a m l y t h o )

• 2  i n d e p e n d e n t  e l e c t r i c  c i r c u i t s

• d c  m e a s u r e m e n t

• Т
el
<  1 5 0  m K

GaAs/Al GaAs 

h e t e r o st r u c t u r e

2 D l ay e r - 9 0 n m  b e n i e f  

t h e  su r f ac e

N
S
=  2 . 8 x 1 0 1 1 c m -2

µ = 1 . 4 x 1 0 6 c m 2/V s



• QDs: C o u l o m b  e n e r g y EC≈ 1 . 5 m e V

• DQD: t0≈ 0 . 1 µe V ;  ΓR  ,ΓL  ≈ 40 µ e V

• QP C : su b b a n d sp l i tti n g ≈ 4 m e V  

1 D c h a n n e l  o n se t w i d th  ≈ 1 m e V

Experiment. C h a ra c teriz a tio n.

QPC



Experiment.  D y na mic  intera c tio n

Q P C ↔ D Q D

VQPC =0 VQPC= -1 . 5  m V

IDQD   m e a s u r e d a t  VDQD=  -2 0  µV



Experiment.  D y na mic  intera c tio n

Q P C ↔ D Q D

• Current through the D Q D  i n the a b s enc e of  
b i a s

• Current i n the Coul om b  b l oc k a d e regi m e

• Current d i rec ti on i s  d eterm i ned  b y  the 
ground  s ta te c ha rge c onf i gura ti on of  the 
D Q D

VQPC > 0

VQPC < 0

VDQD ≈ 0  µV

VQP C =  + / _  1 . 4 5  m V

GQP C ≈ e2/ h

IDQD

m e a s u r e d

[m,n+1]

[m+1,n]

[m,n]

[m+1,n+1]



Experiment. I nel a s tic  tu nnel l ing ?

∆

[m+1,n] → [m,n+1]

[m,n+1] → [m,n]

[m,n] → [m+1,n]

Similar to PAT

van d e r W i e l e t  al .  (2 0 0 3 )

C u r r e nt  s i g n i s  e x p l a i ne d  b y  i ne l a s t i c  

i nt e r d o t t u nne l l i ng



Experiment. I nel a s tic  tu nnel l ing !

Observed suppression of current 

betw een tripl e points 

X

I nside th e dia m ond th e ex cited el ectron 

doesn’t h a ve enoug h  energ y  to l ea ve into 

th e F erm i sea



DQD analogous to a Quantum Ratchet

µµ

[m,n]

d e e p  e l e c t r o ns

µµ

−Ι −Ι

Internal asymmetry of the DQD 

d etermi nes the d i rec ti on of c u rrent



DQD is a tunable spectrometer

|∆ |=hν
Fujisawa e t  al .  ‘9 8

Wideband excitation (2 5 0
G H z )  in s h ar p  contr as t to P A T

Experiment. Exc ita tio n s pec tro s c o py .

PAT

van d e r W i e l

e t  al .  (2 0 0 3 )



Experiment. D epend enc e o n th e QPC transmission
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Not a Joule heating drives the ratchet!



Experiment. D epend enc e o n th e Q P C  

b ia s  v o l ta g e

• D i r e c t i o n  o f  t h e  D Q D  c u r r e n t  i s  
i n d e p e n d e n t  o f  t h e  Q P C  b i a s  

• N o  e f f e c t  a t  l o w  b i a s  V QPC<1 m V

• O n s e t  b i a s  i n d e p e n d e n t  o f  ∆

∆= -4 5 0 µ e V



QPC: r a t c h e t  e x c i t a t i o n  m e c h a n i s m

Maximal effect next to the bottom of 1 D s u bband s of Q P C ,  
i. e. at T ≠1  ( R ≠0 )

O ccu p ation nu mber  flu ctu ations  ar e imp or tant!

• H F  v oltag e-flu ctu ations  on a Q P C  cau s ed  by  s hot nois e?

VONSET = |V Q P C |-|∆|/e – N o ener g y -( fr eq u ency -)  d ep end ence 
of the thr es hold  obs er v ed !

Blanter and Bütti k er ’0 0

• R elaxation of electr ons  ins id e a 1 D  channel?



Occupation number fluctuations could increase the 

relax ation rate inside a 1 D  channel

Acoustic phonons?

O nl y  a  q ua l ita tiv e  und e r sta nd ing  of  
thr e shol d -l ik e  e m ission is 
possib l e

hν

Al te r na tiv e l y :   P hotons? 1 D pl a sm ons?

phonon



Wide en er g y -w in do w  f o r  f l u c t u a t io n s

Our Q P C :  

1 D  c h a n n e l  o n s e t  ≈ 1 m e V  w i d e



Concluding

• Novel dynamic interaction phenomenon between the 

Q P C  and D Q D

• R es onant energ y abs orption mak es  the D Q D  

eq u ivalent to a nonadiabatic q u antu m ratchet

• O ccu pation nu mber f lu ctu ations  in the Q P C  channel 

are res pons ible f or ratchet energ iz ation
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Non-r a t c h e t  p h e nom e non ob s e r v e d

• N o  ∆ d e p e n d e n c e

• ‚A n t i -d r a g ‘ d i r e c t i o n

• A c o u s t o e l e c t r i c  p u m p i n g ? 

Levinson et al. ’0 0

• N o n g a u s s i a n  e l e c t r o m a g n e t i c  f l u c t u a t i o n s ?



Non-r a t c h e t  p h e nom e non ob s e r v e d

• N o  ∆ d e p e n d e n c e

• ‚A n t i -d r a g ‘ d i r e c t i o n

• A c o u s t o e l e c t r i c  p u m p i n g ? 

Levinson et al. ’0 0

• N o n g a u s s i a n  e l e c t r o m a g n e t i c  f l u c t u a t i o n s ?



Current i n th e d o ub l e d o t as a f unc ti o n o f  Q P C

trans m i s s i o n.

∆= -4 5 0  µe V



Observed about al l th e tri p l e p oi n ts

V
4
(V

)

V
2
( V)

IDQD (p A )I
QPC

=  5 0 n A ,   V
QPC

= 1 . 4 5  m V


