AlAU 11\ Ay

S
>
7
253
2
1%
=
=
v
=
|
><-E
e
=
(2]
O
2z
Q)
7]
= o]
(=1
i




w21 ey A

BIAOMIANKEXUEZHONGDEDIANZISUIDAOXIAOYING
F 1 B HL TR E O

T B aFil H#E

A o i 56 K 3 RO

1998 & « KX



GhHh#HmEFI1S

EHBERSE B (CIP) ¥R
FEAEPHETREXRN/ETHE AFIL ®E

— R AP ITIE K ¥ R4, 1998. 12
(Em 21 22N

ISBN 7-5622-1996-6/0 « 118

1. Fee

]1,@_:5... @f‘:—,

0. FEYEE¥-Giaever-§& H % R
N.0O484.4

FERAEBE CIP BEZ F (9805 38792 &

A 21 e EFENS
SRS P B T B RO R
© £ K gl 4%

4 BT K 2 R W IR R AT
(REBEFIL W% 430079
FEBEMIALRITIREH o FEAROZERITERRI
KIEGE.F # P mE@ B
TR . ER/R o =3 B 7L
&850 mmX 1168 mm 1/32 E.6.5 F¥.145 FF
MK 1998 4E 12 A% 14K 1998 £ 12 A% 1 KENRI
E¥L:1—1000 EHr:18. 00 JL ()

7 45 4n A B 3 S B (6] AR, WY ) RED T 4R .




i

Pt g

eyt

o

s
L

4




v
{2 2] 8

BooOR

TR EANEGER L EREMFREGTLP,
AMEZamEE FMAAEFRZR R, HEF AR
KGERER L KRELLELZEHEERGE R, EX R
MEAZGR . FEAIHGRTHEZOH . ERAEAEAKL
AR A — B AL A A AR A N EERE R
FRXRARELNGINRPREE-ANEKD ZEGBIE;
CREMRF LUK FBP BTG F 5 E, CARA
LB ERAKGA FPRETFREFE L, CEEX
MBFHANRGE S I FHA UEFHILEFHARE
MEFRIAIGFARAERGFETHNS I ik —F
FRARGAEE, KRAPERZAFBL ERFBAMHEH

ZiK

N

—hR-EHEAALA



Preface

From time to time.we need to review the history.examine
the present and the future perspectives. Physics has quite a long
history.and is bound to have magnificent future. Standing at the
turning point of the century,one will find such books on physics
interesting and revealing: that the books should provide a sys-
tematic review of the mature understandings of the fundamental
and important concerns in physics. The content of the book needs
to be concise . without involving too much detailed derivatives and
being encyclopedic. They should serve as useful reference books
for the investigators engaged in branches of physics and relevant
fields. The organizing of this series of books is an attempt with

this goal in mind.

Zhou Guang Zhao

ALz

September 7,1997



(Em 2l L PEFAE)

B Al . f5 % B ,Bergmann P G, # i i
¥4 . KEN
HREVBRNPEXEXFEIF):
BHEAGER, FERB#EBD
1 WEE.FBRIEXE
Bergmann P G(EH,.A#H K¥)
B OBNCERITEKE)
Gals’tov DUR F 37, S #1 8L K 2%)
Kalnins E GG =, B F L K¥)
AEECERER K
ke R ERN B R R WM EBCERD
Sabbata V(EKXF] . HF B T K%¥)
RBVFERWKAE
MBI O BT BB 2 BF A B
E ORGAtE,.PEMER
e (R kE)
S A Crp B R 2 B 7 4 28 R D
Tk m B (R h T K4
KkBECREBMERHR LY
RS (IR K )



n & ® T

HTRERNEYEYPPHNERERAZ — B4 REER
T B B 50 A R T FF 28 1 BTk, A 5K MR T R B S R 2
AEEN - LRZATBRERBE. N AFRENE L EREE
if 72 Ry E BB AL, 2E T R 43 5 R GE B B R (STMD g ) 2
Pl 645 B B A UL R | B B AT T .

FHHFE I EHENBTREIBRNESAYBERAT,
Al BT 48 7 S I GE BEOE | 3E R BRGE B AR LA RO e B
BEERNILDEERR, BOTE T 8L 5007 B E 454 1 B i 38
BEM KPR THRABREH T RETEENTFERREZ LA L
AEEABZRETHIRRR.EF2EPNAT 80 FRKE
EXRNOHBERMENYHERE EX5ARTE TREE
EMHSE. 0BT STMHWER TR TEHUEMIE, REEKH
TR FREMNERTEHUNNBERS . EHEEM
ZER KM ETHASTM B+ % B8 Sk (e
FEERCDWIMEASHOM— R B FRSHAF(WERE
RTRES BETRFRUS N EELERURBET RS T
HBEE % S 4T . BESH.STM FEQK RE LM RE M L AR T
AR WO B ARKBE P — N ERTAR, RITES 6 Feh
MARMIAMEFRANYBEIG ST TN, ERENEY
FRATSAH X E T BB ARSPMOURH KRB E I A
R BRAMETR ST TR,



Abstract

This book focuses on the basic theories of electron tunneling process,
and their applications in surface sciences. As it is not feasible to include a
complete description of various known theories and remarkable experi-
mental findings, we are hoping this book would familarize the readers
conceptually with the important achievements, and leave the readers to
further in-depth explorations.

The book begins with an introduction of basic physical pictures of
electron tunneling process, briefly discussings the elastic and inelastic tun-
neling phnomena,and several key factors that determine the experimental
measurements. The discussion is aimed at setting up the theoretical stage
for analysing tunneling structures. In particular,the discussions concern-
ing the wave functions will repeatedly appear in the later chapters and be-
come one of the main linkage. In the second chapter,we shift the focus to
the physical principles of scanning tunneling microscopy (STM) which
was invented in the early 1980s. By introducing the concept of local densi-
ty of states (ILDOS),the mechanisms behind the measurements of atomic
and electronic properties of surfaces are demonstrated. The supreme ad-
vantages of the method as a surface analytical technique is illustrated from
the analysis.

The subsequent chapters focus in three main aspects. Namely, the
properties of electronic superlattices, such as charge-density waves
(CDW ), surface states, single electron tunneling, etc. and the detection

and exploration of the characteristics of single atom/molecues. These
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work bring the readers to the forefronts of the research area. The last top-
ic in this part concerns the surface fabrications using STM. It is shown
that tunneling approach could be extended beyond the scope of measure-
ments ,which is also a fasinating direction.

At the end,we present a general introduction of the family of scan-
ning probe microscope (SPM),BEEM ,AFM ,NSOM and so on,as they are
trully inspired by the invention of STM and become an integrated field.
The discussions of future aspects will also be provided and the readers are
invited to join the efforts for the future develapment of this exciting

research field.
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