INTERNATIONAL ATOMIC ENERGY AGENCY | omm,
‘ @ ; UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS | ===
L.C.T.P., P.O. BOX 586, 34100 TRIESTE, ITALY, CABLE: CENTRATOM TRIESTE

6 {©
N T

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION g

INTERNATIONAL CENTRE FOR SCIENCE AND HIGH TECHNOLOGY

o/0 INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS W19 TRIESTE (ITALY) VIA GRIGNANO, § [ADRIATICO PALACE) P.O. BOX 386 TELEPHONE 040.0457) TELEFAX 040-24575 TELEX 46049 APH [

SMR. 628 -

Research Workshop in Condensed Matter,
Atomic and Molecular Physics
{22 June - 11 September 1992)

Working Party on
“NOISES IN MESOSCOPIC SYSTEMS"
(27 July - 7 August 1992)

"Co-tunneling and noises in the
systems of tunnel junctions”

Y.V. NAZAROV
Institut fur Theoretische Festkorperphysik
Universitat Karlsruhe
Postfach 8980
D-T500 Karlsruhe 1
GERMANY

These ave preliminary lecture notes, intendead only for distzibution to participants.

MAIN BUILDING Strada Costicra, 11 Tel. 22401 Telefan 224163 /224559 Telex 460392 ADRIATICO GUEST HOUSE  Via Grignano, 9  Tel. 224241 Telefax 224531 Telex 400449
MICROPROCESSOR LAB. ViaBeiut, 31 Tel. 224471 Telefax 224600 GALILEO GUEST HOUSE Via Beinu, 7 ) Tel, 22401 )

e e B e T T U I



- u" u' leviAls
- K L2z (presented v
\{u V. Naaarov.)

Generaf prmc&p!e of /reea/om ’ eis:nce
Q‘-&Ew\‘i'u.m Nedlamcs-

ocen.

) » ,,@ esciping. ...

'r= Z fAm]s(@a,z = Eocenn )

ocean

A - 1 : . R
Anl = <j§e ‘H|1q€> P <<bp“4l°&ﬁ€>

jail ~ “top

Sysi‘ems g.f 'l‘urmeﬂ 7u.nch'ons —_— pObY‘ manls many&:d/ effects




O, LYpes Oy (O-TtURRCHAY:

— ——

._I'fa.t'tua'a'rﬁ-ﬁ —9 —



T 2 comtumelivg of oo efectrons T foss
uufmgr 51'81!2@ C
_‘ﬁpotmlvrmedaa-le. states P E'+& +§,
SIC C D( E
fnafstate
(L) Z (2
Am T (E +E FE” 8+€+E">T

LTa) 2 el [( e2v E‘*E el )(Z g.(i-re\/Ec _Z]V

di wergency
| fGG;
I(V) foxe® | > [ev) + @x.z.)z V
| e hase
5. In long chains - %‘edﬁam St

a@@@a@c@@@

™ 5 (o) s (s

L



5. tlast:r g-MQT

w2 D TODC
et 9 (e ! LCQ”G;"V

_:ﬁpo& &'ﬁe an €laciic scatf-em'us. cf- one electron

o~ . |
CAUTION: ’ tsﬂaud--_: 10 wt”
I':‘l Emmp&:» ~ 1] =%
{waﬁg; °r
J_ - 4 Ty=-T;

' @ Semi.c?aesicaﬁ methods

‘f‘}:’m’ua f motion
dunicg $he fime gavtn

U Meisenlberg : JF]/E +—

i- .k/ét.>> t{—,.av ‘z'k/Ec <( é'fr-av
uhiversal nom;um’oersa@
G’ = GiG_&.R" (_.4_. _L - G=G e a3 {
e —==3 3 i et 1 gR-x(Eg) E 7,

& > wmean level spacing

| Grossover by, efastc an ielastic

_e_V,'T ~ f% Ee 7<< Ee




g & ,
\02' (3:: Giza
-V,

| \SEETINGS / VT

IREﬂ:




3. ‘-"Af)c" L‘”l\-"‘-"“"’. Sl Br e F W W

Youmise B/E. Yo rmasonalh vl

eshmated .
size 10 =304
| £, ~ 0SSV

« !
4
" bl Y
. /"' .
.'./-
et - ¢
A e st
RAIRRPE RN 28
N T
.|~| ,.'..‘.
O B . - .
. 'n'/.. -
IRk
n./.'.
.' “/.o' .
. - i
../ ‘

/7 .
L]

...IiOhV 0 —V- | "FIIO’Q.V

Despile of these fack,
Mpueement il Haowy  is umaxpectally ceasonalfe



Pnd;tt",p;tf;f;oh d.lr:d happing
FW’}M (s 9&”&0«‘. Oqfivyou.., | 7.
Pu«cpoﬁe: lo control charge transport (Appﬁcahohg_ )

TN TS Fiwmp
N _V/?\ N '.-— ~
,S_\J:[IL ._L ] | rd ‘T/
= 'J"_  Ronddt
I.F

4 f%fmo/ electron P cyely
Co ﬁua_ucé’x'u’ : mistyke s

Z}EPP*'_"_s
tra P >

o N, //'.'\. /.»1"\.,,,-)\'\
g T rRIHT—

- electrometer

‘ Co—fuuue&‘ui, olecay o metastadl stofes

Co-;‘tm&‘ug: a Sﬂ“" Haete



-0 % -ur,-—ua -1 " = Fi1T%7 iFl JAWV T /oA TR

c @ﬂ Nazarov"gg*

| o
ol c S .
T = 1

¥ 1 —
| @. w -
CoHC

electron + Rolz = paiz.
o -tunueling mg/i{%

E"‘ 2 '&CW

Similiar gircugi:

n» n‘

o B | | S e
@Em:—m-ﬁ :

.{1 (ompouud parh‘c!es ; mnfo(—

- -
loig Nammop: == 2T

[a., Suporcondietion g—c:»-c::» —

- <D
: _ M _7T<
EOQ gupu..* Mol C."_‘—'_a--d_gt-:».c::::}-c:: I_tm.r
ey e T .

, &
&;‘vaseﬁasw— hokien <4=p clarge VS zketron

Geossover MM A e o
Jhdwmyo{-ZD lalkes



L,x/oemmem.a& — frorn freedlon o

' . gcteve 'f952_

4 "T’T‘appthg, |
| ) Jrmping i'taiua&bok,l.ﬂ(oi Jos)

%0 ﬂ - ';";':;‘*“‘ 9 (Nb cletaited lalance

' *(m
| 2. Hysteresis (futhon{93s

i1's pogsith lomantucre delays Sweeping ckiang.

T 4, vates are Yoo fuel (0.1 - 105)
? — 2. Up 4o uokinote  (‘ouat )
v SN |
3, Equitibiuns! Hffwoie  (Zimmenti stal
_ . A99)
T ol

Q) |

Ck.av-c‘,c 'hAPs i Hhe lanuers

—

M 4t

s 4;" 10% Y
R
| 977




LR PRI R e b ) Uibu cCrivncine. LWL TA

e el e —_— e m— —f

CPO.L'n T HEORY:

.

4, Sasddyoffect : umonpld stdan costs A (otion
YT ?A odd A%EY

OO Brn® | e~ee~e E : .
. o ! :
;.o d_

. 2 3 "V
2. TRawsport Propeties: MO (o-hunmebing at ymall veliages
PZZ" T eoGe> e kverin Nazarow
A4¢)

6
o,fas\ ¢ cmr\*'u.&uhou W«Q-Q. m\a.um .
mo.ﬂas;u.wu*“&k*@" (¢ odd wumber of. efsbeons. Also 51272 coutolining &

EXPERIMENTS:

4., No parity effet of equitimu — nemal
O ™ e*u.l. RIXTE 7 — "
Pn comditlons ' % mw_
XIS
2. Pty effect unclin. hoos- eQuibriom ondion
lw'wdua-l
> 8o MW"‘F 2e - Pem.od‘c,lg
L vt it 3 Pl e”'f""“""*ﬂv

3 l”PP“"‘! escape rates nhomuch difference fofmen normel awd

‘au.P erconduckuve
Eg{gm 1832) - -f&d:@r.. escape
% A881 Y= s ousen Gscape.

-6~

i e e



TN I N S = U T P o B 'f

feed@acfl O-F- meqscm.n% demce | m%
» .._}I / .

-

Q) Q?m'%u'am q.mu{m effects  (Matveeo 1990
yesemBles ».ue+..¢z...¢ Konelo proflem

Rounding e'P( ) ~—% hot velevent ic'z experiments,
g) Feedlock r+ eeed’wheier it-shakee o Cox .

DO”\‘Q H

Li233len? == bass Lot (0 1]
~ Cum /2 f ’ St
C) bougur fails -

Foed back of 00 —fumeling electomeler : wo shalliug :no clorsios! kit
o oling. N(c,../c) I/E
d) _’—Qmpa'l'tov\'

Measuremens

extea Mi&e Some cx em'mei;\‘x
g % . . P

{‘oretddeh Ms s Ol (w comtraolic ko

7

aMQ‘tch)/



T‘Rll’\% "y PO‘
Degtadbjwh causes anarchy

Fozf:’dc-fcn SET transition

A.‘L,Ani;ﬂn‘.muhwg degradetion process olisposes lange Euergy (volis )
2. wduces o voliage 7 ata cerioun famnchion

3. i'fa focklioldou SET pro, flacks enmesy Egu,
P — probaltly fo Gecompany chepeadation

(a‘me’ Eﬂ.>

S-l-l-f?e/ume&mfwd-y -~ ho nw-c‘ cﬁdu-%

ele T .
2ore )(V)J (E+1.+£)"

&Aqﬁ{MUmo', ;.-,J.ud,_“ prasmps
may Gual Ak auanchy obseruvest.

~/2 -






