Gate

Insulat _
(Ig)s;éiecé]m) Gate (poly-Si or Metal)

T / Source
T l electon flow /

B P 10nm
l.l.:.o:.:.:..:.t.-.’.-.-_’.f..:':' .: E nm
Metal Oxide Semiconductor Field Effect Transistor (MOSFET)
<
(Ballistic)

Si 5428 << 400 ( )
Au 4078 << 500 ( )




( )
~ QOverbridging Boundary-Matching (OBM) method ~

I {8 >
IR
48

in the right electrode)
k>m+1 |




i

...... Z1 %;.E i o znfzm zm 2m2
AR A . i .
OBM formula : “ /output Input

go’oer(ZO)_l gO,m+1er(Zm+1) @ — ( g00 ]F \(I)In
[ Omrozt (Zo)  Omirmiazr (Zmat) — J (Z,)®" (z,).

m+1,0

-- ‘A, BO - 0 Zr(Zr)
g g m+ . . L R
g 10 1’§ : B' A S retarded self-energy matrix.
(E-hr )= : : Hr= O . .Am |(_3), " I, coupling matrix:
gm,O gm,m+1 O O BT Am+1 FL — |[Zrl_ _(ZrL)T]
CG 1 N,><N, >N, .



o
O
™
i
-




LI@Cg, dimer

Ceo dimer

LIQC,, dimer




Si/SiO,

Gate

Insulat i
nsulator Gate (poly-Si or Metal)

(Oxide film)
Source
= ‘ T I/ , [ €= G
T l electon flow OO
- E Prnns 1 St tind it

.........

T e l?(' Fayatate

JEOEOOHK,
semiconductor

.....................
-----

................
-------

-------------------
........................

-------------------------------

------------------------------

Metal Oxide Semiconductor Field Effect Transistor
(MOSFET)



_______________________________________________________________________________________________

L
o;oto;o!o:o T
o, 0




(110) plane

Low §




T HEE

@ PEISI | T R

1970

1975

1980

1.5 ( )

FINFET Sl SGT (Surrounding Gate Transistor)

nm 2




Jellium ‘ Jellium

- - = = z-"f Zﬂ‘ : Z'j 22 --------- Zm-'f Zm :Zm"'f szz- - m

——+— ———+— >z

ST T T e eee——_—_e T e

 ¥(z)=¢°(2)+ X6%(2,2,)8V (2, )¥(z,).

L
W ¢"  Jellium

GO Jellium Green

Jelliu [lium
— I - I Jellium




Jellium Green

" [ P =Y exp{iG,n(r, - r,;)}-exp(ikzh;)
(2.7 )_{P w --- forz <z, n
10 4y) =

, ) < 2
P'W .- forz, >z, W = 3 expfi h;
= P{iG n(r) —r,)}— :
t factorizable form \ n : isin(k;h;)
(h,: z grid spacing)

Lippmann-Schwinger

{¥(z)} conjugate gradient CG

(1 )

¢ Overbridging Boundary-Matching (OBM) — (N,><N,)*><N,

1

\

: & Lippmann-Schwinger equation > M., <N, <N, <N, :
: Jellium . ' :
: Nu H IVlin ' :
i e N, XN, =2500 !
i Mi, =N, XN, N,=N,=50 M. =50 © |

— o e e e e e M e e M M e e MEm M e R MEm M M e Mmm Mmm M Mmm MEm M M M Rmm mmm M M Mmm Mmm M Rmm Rmm Mmm M e Mmm M M M Mmm M M e Mmm M M M Mmm M e



First-Principles Calculations in

Real-Space Formalism

Electronic Configurations and
Transport Properties of Nanostructures

ith cutting-edge ials and minute
devices being by the latest
-hinok itis ial for

and engineers to rely on first-principles (ab initio) calculation
meﬁlodswmlymdermhdecbbmomﬁwraimsw
of narc It is now

First-Principles Calculations s roeans

between electrodes, E

I" HBH'SDEBB F[]""H“Sm This timely volume novel methods for calculati

nd Transport electronic transport pmpemes using real-space fDITllB’I!llﬂ!l

free from g The book two
parts: The first details the basic formalism of the real-space
finite-difference method and its applications. This provides
the theoretical foundation for the second part of the book,

]

Electronic Configurations ar

Properties of Nanostructures

2
i
gs
|
%
|

which the for ing the properties
of b A o Al
by semi-infinite electrodes.

Cnntanls Real Spans Finite- Diﬁnmeo Method for First-
Solv-
ers of the Poussnn Equalm and Related Tecnmquss Mini-
mization Procedures of the Energy Functional; Timesaving
Double-Grid Technigue; Implementation for Systems under
Various Boundary Oundlims, Elac:lmmc Transpoﬂ Through
Nanostructures B finite El Basic

C Scheme of the Overbridging Boundary-Matching Method;

80002 000 als ’“0"'; L Inclusion of Norm-Conserving Pseudopotentials; Jellium

Kikuix Hirose » Tomoya oto Electrode ﬁppmmmalmn Green's Function Formalism and
Yoshitaka Fujimoto = Shigeru Tsukam the Overbridging B Matching Scheme; Calculati

Coll Press Method Based on the Llpornann-Schwmgaf Equation; Ap-

pendices: Formulas for Long-Range Potentials under Various
Boundary Conditions; Tight-Binding Approach Based on the
Overbridging Boundary-Matching Scheme.

Key Features
by Presents details of methods, as well as some applica-
Kikuji Hirose tions, using accurate schemes for examlmng electronic
(Osaka University, Japan) confi ions and ¢
+ Information and insight about nanoscale electronic
Tomoya Ono transport using a newly developed method based on
(Crsaka University, Japan) first-principles
Yoshitaka Fujimoto R i and post students and re-
{University of Takyo, Japan) searchers in ional and condensed matter

Shigeru Tsukamoto physics, and nanoscience.

(National Institute for Materials Science, Japan) 264pp Jan 2005
1-86094-512-0 usses B4
World Scientific Imperial College Press
www.worldscientific.com www.icpress.co.uk

First-Principles Calculations in Real-Space Formalism
Electronic Configurations and Transport Properties of Nanostructures
(Imperial College Press, London, 2005)



1.1 =0
0---1#0

Z(Z|’t20)={

v 2o Za Zo Zv Zz

2@ =>6(z,2,) x(2,t-0) = G(z,, 2,.,1)
! C(E)=h"v,(E)
v, (E):

L v, (z,,E) = C(E)jooo dte'™ 7(z,,1) h:

— |




O 1.200

1.000
(2,1 ot
0 e
0.000 L L
-20 0 20
— ' £=10.0 (a.u.)]
e N
| G(Z|’ Z| ,t)Z(Z| 1t O) E: I ‘t=2[ll.'[] {a. u. )
_ <
—_— G (ZI y Zo y t) T
IE t=40.0 (a.u. )
= ]
% :Wv 2
ﬁ t=200.0 (a.u.);
om0l R t=400.0 (a.u.
ool '
0,000 ketetemonatomanon, :
-20 4] 20
\ Z [A]

=1

¥
v (2;E.T)=C(E)[ dte™ z(z,.1)




EREEST v @ |

BEEEST v (@]

]
6.0
40

oo

a0

400
20

T=10(a. u.)
: T:=20 {a.u. )
: ' : T=40 (2. u.)]
Mﬂgﬂ T=200 (a. u. )]
; ’ ’ ~ | T=400 (2. u. )
e ' : ' 5
£ [A]

T=10(a. u.)]

i ' : T=20(a. u. )
: ! ' “T=40(a. u, }:
i ' ' T=200 (a. u. )
L~ |
' ' T=400 (a. u.)
0 o : P

EFREESE Y@

BO}
B0}

T=10 (a. u. )]

T:=20 (a. u. )]

T==4U (a.u.)]

=200 (a. u )]

T=400 (a. u. )]

W(z;E)

20



(@ (o)

(©)

_

0.0 0.2

ASHEFOIRILE—E (a.u)

0.4

— EtEE
o fRIFE




Vv

Jellium

v
jellium jellium
electrode Wi L« electrode

w0
£ axis

t (a.u.) 0.2

h (a.u.) 0.5

X LX 4.0

X N X 8
Z Lz 500.0
Z Nz 1000
T (a.u.) 200

(a.u.) | 0.05 1.10

Jellium

1 a.u.=0.024fs
1a.u.=27.211 eV
1 a.u.=0.52918



Conductance G(Go)

o
o

c o o =
ELN (o)} (0] o
P R IR N .

o
N
1

@ (¢) (o)
(d)
(b)
00 02 04 06 08 10

ASFHEFDIRILF— E(a.u)

LOW «— HIGH

(a):E=0.675(a.u)

|

(b):E=0.73(a.u)

THESC S

(c):E=0.81(a.u)

(d):E=0.91(a.u

|

N
i.

b
- -

(e):E:1.04(a.uz




	
	C60鎖における入射電子の電荷分布
	Li@C60 dimerのコンダクタンス
	Si/SiO2界面の第一原理電子輸送計算～ 界面欠陥がリーク電流に及ぼす影響 ～
	計算モデル
	入射電子の電荷分布
	半導体デバイス研究領域の未来は？
	コストパフォーマンスをさらに上げる計算手法の開発
	
	周波数解析による散乱波動関数の計算手法
	計算結果：パルス関数の時間発展計算
	周波数解析による散乱解の計算結果
	透過率のエネルギー依存性
	２次元Jelliumワイヤーモデル
	計算結果

