INTERNATIONAL ATOMIC ENERGY AGENCY |
‘ p UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION m
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

I.CT.P., P.O. BOX 586, 34100 TRIESTE, ITALY, CasLE: CENTRATOM TRIESTE

" SMR/697-15

RESEARCH WORKSHOP ON CONDENSED MATTER PHYSICS
(21 June - 3 September 1993)

WORKING PARTY ON SMALL SEMICONDUCTOR STRUCTURES
(2 - 13 August 1993)

FREQUENCY DEPENDENT CURRENT PARTITION

M. BUTTIKER
IBM Thomas J. Watson Research Center
P.O. Box 218
Yorktown Heights, N.Y. 10598
US.A.

These are preliminary lecture noles, Intended only for distribution to



“le queric Y - Pependent

urrent- Ezrf{ﬁon in

f’lu/h'probe Conductors

M. Bi Hiher
LEM 7D Watsos Bes. Chn

1 Thomas ¢ A 7rehe
//m’rer.r/;jz of Face /

AC- Response_ of HMesoscopic Conductor
Limbeded in_an  External Crewst

ac- Currch*
generatonr

.

ac - Vo/}tﬁj < (II .v| ) “"'m—/TIz-l Vz)

jCMC/‘a toh —_ ) \ S—

8T, (w) = 2 P j x[:(‘") S\F/(w) ({; V.,)5 (ID

3

Contras?t witl, -ﬁr‘ma/ lvear res pouse :
H= H, +H,

Hy=- [db pert) Upy (:;z‘)+_f/ij3;z‘) /Z,l ()



interval

n'cfeu}

Cong
=

e

Cwmzm’ Gmen/a 74

-0
= <
£

. -
{ J_’
Adiv E

D¢ /ot + d

S
S 0
U
-
-1
.me
S X
?
l..lr.lr
o ¥ o
L3, ()
v Y ~
PJJ_MA-, 3
oy £33 N
- . -
w_.%_. mw}n o
N -~ k §
> 38§89 W
N 233



Currem‘h f_eg/’?amse 7 ﬁgqf{{gf@aj Extecnal Biewha

fg..r/- onse 1o Exterval [lotembals

/g(f)-/w I, cos(eat)
I—->

Do (Et)= G, (E)e ! (Pem o) 2/% = 1)

Currcn/ o_pcmkr

=< IO o) = (g ) )
S

=
a, —— g zu j é‘\"{“ (E) = 5-0'1 (E)+ ﬂ;‘am (E*tN)(JK /sz)
A | B E" = Ay (E-%0) ( Jp4, /2%0) + -
A — % . :
T, —— TR L2 5,(E) G E)

=D

fcr,t)-ifc»,uria;ﬁ - Juv (‘t’ &')

(w)- = de ke (s)‘; S (f)g,cf tog7 L&M*

Lt = L. e)-£ &) = N
= £ [uede' (31> 4 (e)- {?z): (f*)){’""‘

*currents m,/r‘/a.(c? ( )"' a(l) oAE



Low - frequency expawsion

Msosco/o rc (’a/ acs for

‘J;{ 1oy= & fa/EHuf)) - (E)f (Erto 27 (E‘;— j(sft.-.,) u, "

o ()= £ (ol (-AAE) Ty (BD

.
Y (V= & [oE (-df/lE) R, (E) p X >(\
!

7 G (0T Z[.; j‘,ﬁ(o)-"-'- o

irs?  order in_ e dp
‘ 5.(,, ) = (7\, (0) ~lwe? [AE (~HME) (Mg /AED| == _J’ _______
(E) D ) RES /=== ==
;/E = g F/ S"/" (E)—%]—' e G (587 J
"”’""’“ o =7 du, ad,

f‘/ j«/ﬁm): —(wer [ CAHE ) (AN, (AE) #o
ddy = ¢ (dN\/dE) (du,- eddl,) = C, (dth,-Ad, )

ANG /AE = /AE -
5 s ("/M‘(‘? ) I’U-‘Ci"“‘é oFL A= (AN, /dE) (Apte -edthy) = Co (dths -AU,)
1;,(/ /0) = —/'weafdf(—/fﬂf)(/%//f) e AR e db, =-Aa; = Cu (pty=clpia Yo = 5>
ANe SAE = 2 (el Mg JAE) T
" edd

"G EmaE AN; ZE

F=c =t  ANSAE = a’/\ﬁ JAE
- e/¢C?‘m - CdCWI.CQ/ Cﬂ)’ﬂcr')é“(-e 0



A/m/ # ance 07f a /7&"0 I‘C‘O/ P C 4/4 e/ for

Noise S)oecfrum _gf a @ch/?’cﬁ

J/"‘ltw) = cJpr)j/) %?W)

\ Im) =-iw G o "?‘C’ E, t O(?)

- () (o) -l (),

L (o) = gE) dw)+ i 102) dlf () = =it G e ~ B 7RErS aarC
dl-zlw) - j‘z(g_,) Jlé(w).egu (@)aﬂfe(a)z-lu Q (1‘/0) 'J”(‘-J)) ((dlzw)7> 'f°”°wg 'ﬂ"aw ?D { 9-4,2”5-[?

I = = Jyw) (JV(::) A, (o))-o-f]_' (Y - i (Jd wy
an N 4 y k * ! ! o (( 4
I’:'w”a - ¢ °J .nrf J.;h ! P'}?hh il Iz = Jrw)(dhe) - ey )¢ 8T, () m—ie Q(/deo)-/d/u
Guw) == Gyle) | Fer(0)w— gy () l
D> dI(w) = g‘r(u) (AY ()~ Al re>) ) 2ero  external u«,dauca - = A, =0 -
(4Te))'> = 2| 1)) ( n(w () i
Lgrfu) = W C/;L + dozg.,l/?? + 0(:.;’) j’r !f’("’)/ fiﬁf(T) & (g )
= 2 w ‘t T
Ry= R+ ®, al--ge. relexaton resistan ce (?I( » £(¥,LT)
1 ! =2l o*¢C /‘,27 + O(Uv)

f S AE - MlE) To [ (E) S (EVIE]

P =i o |
K 2¢% ( de (-dbe/uE) 7o [ Sq(f)ds..,(f)/‘#j) mtinile  externa] jm > A =dl =0 =
WV@)> = 24T R + 0Cw?)




Electro-Chemical (’a/acf/ance jSimrlc ﬁovld with +wo Tuternal Voltag e

YR e

“o | ‘.’.“:

Mo | Ix""zpj%d%'*?iquf
o= Joo AV, + Jou dity

Fedl) = C (o) Z T -iwl (-l
o r,--mdua.—xa,)

4N AN, AN,
JF = 2 T = 2 - 2-.9.;-,':_'33-

Al= Ay = - d@a = Cu (dpy-dpadle (Y, ddy, ) e (K, 22, 0) <= '-;

o e Ay, o) Htdth,)
Cu T C g dNe T 2N, =D
# ¢
€ 4 N SR Y
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