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Th is arti cl e presents the oretical study of the inÛuence of the interor bital
interf erence on the electron tunneli ng in scanning tunneling microscopy . De-

tailed analysis shows that this kind of interf erence may modif y signi Ùcantly
the tunneling current by the increase or decrease in the current contribu-
tions Ûowing through di ˜erent orbitals of the surf ace atoms. T his factor
might cause the di˜erences betw een the height and kind of scanning tunnel-

ing microscopy corrugation at di˜erent metal surf aces. This also might b e
a source of the une xp ectedly high corrugation obtained from scanning tun-
neling microscopy measurements perf ormed for some metal surf aces, which

cannot be explained by the charge distribu tion along the substrate surf ace.
T he e˜ects connected with the interorbital interf erence will be discussed in
the context of the scanning tunnelin g microscopy simulations perf ormed for

N i 3 A l ( 111) and ( 001) surf aces.

PAC S numb ers: 68.37.Ef , 73.20. {r, 73.40.Gk

1. I n t rod uct io n

The Ùnal result of the m easurements perform ed wi th the use of the scanni ng
tunnel ing m icroscopy (STM) represents a very compl ex convo lutio n of a large
num ber of di ˜erent factors. Ho wever, the starti ng point in the attem pt of under-
standi ng of STM data is usual ly based on the assumpti on tha t the vari atio n of
tunnel ing current along sam ple surface di rectl y reÛects the local di stri buti on of
these electro nic states from thi s surface whi ch are inv olved in the tunnel ing pro-
cess. Thi s way of interpreta ti on of exp erimenta l data is consistent wi th the idea
of STM, and basical ly i t works correctl y, especial ly in the case of semiconducto r
surf aces, where the tunnel ing ta kes place thro ugh the electronic states well local -
ized at the indi vi dual ato m s of the surface structure. Theref ore, the to pographi es
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of STM images of these surfaces are determ ined in most of the cases di rectl y by
the local izati on pro perti es of the electro nic states of the substra te tha t are acti ve
duri ng the tunnel ing. Consequentl y, the theoreti cal descripti on of the form ati on
of these im ages can be perf orm ed in the framework of relati vel y sim pl e m etho ds,
l ike for exam ple the T erso˜{ Ham ann appro ach [1] | the STM images simulated
in thi s way i l lustra te practi cal ly wi tho ut signi Ùcant modiÙcati ons the distri buti on
of the local density of sta tes along the substra te surface. However, in some cases
the understa ndi ng of the form ati on of STM images based on above argum ents
m ight be obvi ously insu£ cient f or sati sfactory expl anati on of STM data . It might
ta ke pl ace especial ly in the case of m etal surfaces: contra ry to semiconducto rs,
m etal surfaces very often represent ato mical ly smooth structures , and the tunnel -
ing ta kes place m ostly thro ugh weakl y local ized electroni c states. Co nsequentl y,
STM images of meta l surfaces usual ly have a very smal l corrug ati on and thei r
to pographi es strongly depend on the numb er of di ˜erent factors. In parti cular, the
Ùnal resul t of STM m easurements might be inÛuenced by the intero rbi tal interf er-
ence connected wi th the electron tunnel ing thro ugh di ˜erent orbi ta ls of the ato ms
from the ti p and the sam ple.

In thi s arti cle we wo uld l ike to discuss the ro le of such interf erence on the
form ati on of STM im age of the who le surface structure . The theo reti cal study
presented in thi s paper is based on the STM simul atio ns perform ed for Al (001)
and Ni (001) surfaces wi th the use of di ˜erent ti ps. The goal of thi s considerati on is
to clari fy whether the intero rbi ta l interf erence can considerably modi fy the STM
pro cess.

2. Mo d el an d m et hod of cal cu l at ions

Theo reti cal study presented in thi s paper is based on the STM sim ulatio ns
perform ed in the fram ework of the non-equi l ibri um Green functi on form al ism de-
vel oped by Kel dysh [2]. Thi s form al ism has been succesful ly adopted f or di ˜erent
theo reti cal investi gatio ns of electronic tra nsport in micro structures [3, 4] and Ù-
nal ly in the theo ry of STM [5]. It a llows us to express the whole tunnel ing current
as the coherent superpositi on on the current contri buti ons Ûowi ng thro ugh di f-
ferent channels form ed by di ˜erent orbi ta ls of the ato ms f rom the ti p and the
sam ple.

Ha mi l toni an of the who le ti p{ sampl e system is represented by a sum of three
term s tha t describe the ti p (Ĥ T ), sampl e (Ĥ S ) and the intera cti ons between them
( Ĥ I ):

Ĥ = Ĥ T + Ĥ S + Ĥ I : (1)

The last term Ĥ I can be wri tten as a sum of the hoppi ng processesbetween the
orbi tals of the ato ms f orm ing the ti p and the sam ple.

Ĥ =
X

˜ j

[ T T S ( ˜ j ) c
y

T
( ˜ ) cS ( j ) + T ST ( j ˜ ) c

y

S
( j )c T ( ˜ ) ] : (2)
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Ma tri x T T S tha t appears in above expression represents hoppi ngs between di ˜erent
orbi tals of the ti p and the sampl e. W hen the consi dered system is in a stati onary
state (co nnected wi th the appl ied vol ta ge), the tunnel ing current can be described
by the fol lowing general form ul a [4]:

J = ( ie=ñh )
X

˜ j

[ T T S ( ˜ j ) h c
y

T
( ˜ )c S ( j ) i À T ST ( j ˜ ) h c

y

S
( j ) cT ( ˜ ) i ] : (3)

The appl ied Keldysh{ Green functi on form al ism lets us to passfrom the expression
(3) to the fol lowing equati on for the tunnel ing current tha t al lows us to perform
STM sim ulati ons (m ore deta ils are presented in [6]):

J = ( 4 ¤ e= ñh )

Z

T r [ ( TT S £ SS ( ! ) D R
SS ( ! ) T ST £ T T ( ! ) D A

T T ( ! )]

È [ f T ( ! ) À f S ( ! )] d ! ; (4)

where

D R
SS ( ! ) = [ I À TST g R

T T ( ! ) T T S g R
SS ( ! )] À 1

and

D A
T T ( ! ) = [ I À T T S g A

SS ( ! ) T ST g A
T T ( ! )] À 1 :

The above expressions (Eq. (4)) show tha t to calcul ate the tunnel ing current we
need to Ùnd the m atri ces of the Green functi ons (g A

T T and g R
T T for the ti p, g R

SS

and g A
T T for the sam ple) when both parts of the ti pÀ sampl e system are unco upl ed

(i .e., for T T S = 0). W e also have to kno w the matri x T T S of the hoppi ngs between
correspondi ng orbi ta ls from the ti p and the sampl e. In our study to calcul ate these
hoppi ngs we have used the expression for the Bardeen tunnel ing current between
the ato mic orbi tals ê i and ê j , m ulti pl ied by coe£ cient Û [7]:

T i ; j = À (Û=2 )

Z

dS ( ê i r ê j À ê j r ê i ) : (5)

Û in above expression typi cal ly ta kes values between 1.3 and 1.5.
In the present consi derati on the descripti on of STM ti p has been perform ed

wi th the help of the cl uster-Bethe- latti ce m etho d [8]. In thi s appro ach the to pm ost
part of the ti p is represented by a pyra m idal cluster of Ùve ato m s | one atom
is located at the apex and four at the base of thi s pyra mid. The inÛuence of the
rest of the ti p is simulated by the Bethe latti ce connected to each ato m of thi s
base. Thi s al lows us to calculate the Green functi on and density- of-sta tes m atri ces
of the ti p (whi ch are needed in Eq. (4)) by solvi ng the reduced system form ed
by the ato m s from the to pm ost pyra mid. These calculati ons have been perform ed
self-consistentl y by im posing the local charge neutra l ity condi ti on at each ato m of
the apex cl uster.

El ectroni c structure of the metal sam pl e has been calcul ated in the frame-
wo rk of the self-consi stent l inear combinatio n of ato m ic orbi ta ls (LCA O) metho d
described in deta i l in [9, 10]. In thi s appro ach the Ha mi l to nian of the substra te is
represented by the sum of two term s
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H = H oe + H m b : (6)

H oe represents the one-electron part

H o e =
X

i ; £

E i £ n i £ +
X

£; ( i ; j )

T £
i ; j (c

y

i £
c j ; £ + c

y

j ; £
c i ; £ ) ; (7)

whi le H mb deÙnes the m any- body part of the whole LCAO Ham i lto ni an

H mb =
X

i

U i n i ; "
n i ; #

+
1

2

X

i ; j 6= i ;£

( J i ; j n i ; £ n j ; £ + ^J i ; j n i ; £ n j ; £ ) : (8)

E i £ represents here the di ˜erent orbi ta l levels, T £
i ; j

are the corresp ondi ng hoppi ng

intera cti ons, whi le U i ; J i ; j , and Ĵ i ; j denote the intra site and intersi te Coulom b
intera cti ons between orbi ta ls i and j . As i t wa s shown in [9], these Co ulomb in-
tera cti ons can be calcul ated using the wa ve functi ons of the indep endent ato ms
tha t bui l t up the considered system . In our study these Coul omb intera cti ons
have been obta ined by using the wa ve functi ons of the independent atom s form -
ing the system (f or more deta i ls, see [9, 10]). The m any-body contri buti ons are
described wi thi n thi s LCAO f orm ulatio n by using an extensi on of the local density
appro xi m atio n. It al lows us to incl ude such contri buti ons constructi ng the Hartree
and exchange-correl ati on potenti als for each orbi ta l deÙned by i ts occupancy and
correspondi ng Coul omb intera cti ons tha t appear in (8). Thi s appro ach al lows us
to Ùnd self-consistentl y the occupancy of di ˜erent orbi ta ls and consequentl y, the
di stri buti on of the electro nic charge in the who le considered system .

3. R esul t s an d d iscu ssio n

The expression f or the current tunnel ing in the ti p{ sam ple system (Eq. (4))
inv olves ta ki ng the tra ce of the m ul tipl icatio n of several m atri ces, whi ch can be
physi cal ly interpreted as a coherent superpositi on of electro n tunnel ing thro ugh
di ˜erent channels form ed by the orbi ta ls of considered system . It means tha t thi s
m ulti channel appro ach appl ied in our study al lows us to consider di ˜erent e˜ects
caused by the tunnel ing of electrons thro ugh di ˜erent orbi ta ls of the ato ms f rom
the ti p and the sampl e.

In thi s paper we would like to focus our attenti on on the intra -ato mi c in-
terf erence duri ng the electro n tunnel ing in ti p{ sam ple system . Thi s ki nd of in-
terf erence is di rectl y connected wi th the correspondi ng intra -ato mi c o˜- di agonal
elements of the Green functi ons and density- of-sta tes m atri ces tha t appear in (4).
It is kno wn tha t for the ato m s from the bul k of the crysta l these intra -ato mic
o˜- di agonal elements are equal to zero. However, in the case of the ato ms lo-
cated in the crysta l surface region thi s rul e is not val id. It ta kes place for the
orbi tals tha t have signiÙcant com ponent ori ented perpendicul ar to the crysta l sur-
face. If we assume tha t z axi s represents di recti on perpendicul ar to thi s surface,
the intra -ato mi c elements of typ e sÀ p z ( p z À s ) ; sÀ d z (d z À s) ; p z À d z ( d z À p z ) ,
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and also p x À d x z ( d x z À p x ) ; p y À d y z (d y z À p y ) might be considerabl y di ˜erent tha n
zero. Theref ore we m ay expect tha t the STM process could be inÛuenced by the
intra -ato mic interf erence connected wi th the tunnel ing thro ugh these orbi ta ls. On
the other hand, the intra -ato mic o˜- di agonal elements corresp ondi ng to orbi ta l s

and these orbi ta ls tha t are ori ented para l lel to the surf ace (l ike p x y for exampl e)
are always negl igible even for surface ato ms. The theo reti cal study presented in
thi s paper is rela ted only to the s À p intra -ato mi c interf erence connected wi th the
tunnel ing thro ugh these orbi ta ls of the sam ple surface ato m s.

The theo reti cal study presented in [11] clearl y shows tha t the intra -ato mic
intero rbi ta ls interf erence connected wi th the tunnel ing thro ugh s and p z orbi ta ls
of the surf ace ato ms indeed inÛuences signiÙcantl y the tunnel ing of electro ns in
the ti p{ sam ple system. It has been shown tha t thi s factor m ight determ ine in
large degree the to pographi es of obta ined STM im ages. To demonstra te the ro le of
such interf erence in STM pro cess we wi l l discuss in thi s paper the results of STM
sim ulati ons perform ed f or Al (001) and Ni (001) surfaces wi th the use of Al ti p.

Fi gure 1 shows the STM simulati ons for Al (001) surface. It presents the
vari ati on of the conducta nce and i ts di ˜erent contri buti ons, when the Al ti p is

Fig. 1. Variation of the conductance and its contributions connected w ith the tunnelin g

through s ; p z , and p x y orbitals of the surf ace atoms. A l tip mo ves along a dense-packed

row of A l atoms from A l(001) surf ace. T ip sample distance equals to 4.8 ¡A . Tunneling

takes place through the Fermi levels of A l tip and A l(001) surf ace. T hin lines represent

the results obtained w ithout intra- atomic s À p z interf erence. Values along hori zontal axis

are expressed in the units of the nearest- neighb our distance in the surf ace structure.
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m ovi ng along a dense-packed row of ato m s in Al (001) surface. Tunnel ing ta kes
pl ace onl y between the Ferm i levels of the sam ple and the ti p. Sim ulati ons have
been perform ed in constant- height m ode wi th the ti p{ sampl e separati on equal to
4.6 ¡A. Fi gure 1 presents the variati on of current contri buti ons connected wi th
the tunnel ing thro ugh s; p z , and p x y orbi ta ls of the surf ace ato ms. It fol lows f rom
presented dependences tha t the variatio n of the to tal conducta nce presents norm al
corrug ati on (i .e. maxim a appear above surface ato ms), and thi s e˜ect is caused by
the current contri buti ons connected wi th the tunnel ing thro ugh s and p z orbi ta ls
of the surface Al ato ms. It can be expl ained ta ki ng into account the local izati on
pro perti es of these orbi ta ls | p z i s oriented perpendi cular to the surface, whi ch
causes tha t p z (and also s) contri buti on reach m axi mal values when ti p is located
di rectl y above surface ato m. On the other hand, the inverted corrug ati on of p x y

contri buti on is caused by the para llel orienta ti on of these orbi ta ls wi th respect to
the crysta l surface.

T o clari fy the ro le of the intra -ato mic s À p z interf erence, thi s simulatio n has
been repeated removi ng selecti vely the o˜- diagonal elements from the Green func-
ti ons and density- of-sta tes matri ces, tha t are connected wi th thi s ki nd of interf er-
ence. The results obta ined in thi s case are described in Fi g. 1 by corresp ondi ng thi n
l ines: these dependences clearl y show tha t the rem oval of intra -ato mi c s À p z inter-
ference reduces considerabl y the s and p z current contri buti ons Ûowi ng thro ugh
surf ace Al ato m s. W e can also noti ce tha t the relati ve vari atio n of these contri bu-
ti ons along the sam ple surfaces becom es vi sibl y smal ler. As a resul t, the average
value and the vari ati on of the to ta l conducta nce, calcul ated wi tho ut intra -ato mic
s À p z interf erence is much smal ler tha n previ ously obta ined (co mpare the corre-
spondi ng thi ck and thi n curves in Fi g. 1). Thi s means tha t in the considered case
the s À p z interf erence increases the e£ ciency of the tunnel ing thro ugh these or-
bi ta ls, and consequentl y increasesthe height of the STM corrug ati on along Al (001)
surf ace.

Ho wever, theo reti cal study indicates tha t thi s interf erence m ay have also
destructi ve inÛuence on the STM pro cess. Thi s fact is well i l lustra ted by the nu-
m erical results presented in Fi gs. 2 and 3. These tw o Ùgures show the sam e ki nd
of dependences as Fi g. 1, but the tunnel ing ta kes place between electro nic state
from the Ferm i level of Al ti p and the states from the Al substra te tha t are located
7.5 eV below and 7.8 eV above i ts substra te Ferm i level, respecti vely. These de-
pendences clearl y show tha t in both cases the intra -atom ic s À p z interf erence has
destructi ve inÛuence on the tunnel ing thro ugh these orbi ta ls. In the case shown
in Fi g. 2, the vari atio n of the to ta l conducta nce (thi ck sol id l ine) presents now
inv erted corrug ati on (m axi ma app ear between surface Al ato ms). W e can noti ce
tha t thi s e˜ect is caused by the current contri buti on connected wi th the tunnel -
ing thro ugh p z orbi ta ls of the surface Al atom s (thi ck dotted curve): contra ry to
the case presented in Fi g. 1, now the p z com ponent has maxi ma located between
surf ace Al ato m s, whi ch obvi ously cannot be expl ained by the local izati on prop-
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Fig. 2. The same as in Fig. 1, but for the tunneli ng betw een the Fermi level of A l tip

and the states of A l(001) lo cated 7. 5 eV b elow the Fermi level of aluminum sample.

Fig. 3. The same as in Fig. 1, but for the tunneli ng betw een the Fermi level of A l tip

and the states of A l(001) lo cated 7. 8 eV above the Fermi level of alumin um sample.

erti es of p z orbi ta ls. The rem ov al of the intra -ato mic sÀ p z interf erence increases
signiÙcantl y the e£ ciency of the tunnel ing thro ugh s and p z orbi ta ls of the surface
ato m s (co mpare the corresp ondi ng thi n and thi ck l ines in Fi g. 2): instead inv erted
corrug ati on, p z contri buti ons present now norm al corrug ati on and correctl y re-
pro duce local izati on properti es of these orbi ta ls. Consequentl y, after rem oval of
s À p z interf erence the to ta l conducta nce increases i ts avera ged value and changes
i ts corrug ati on from inv erted (sol id thi ck l ine) to the norm al one (sol id thi n l ine
in Fi g. 2).

The sim i lar e˜ect connected wi th intra -ato m ic s À p z interf erence app ears in
Fi g. 3: the com pari son of correspondi ng thi n and thi ck lines in thi s Ùgure demon-
stra tes tha t the rem oval of thi s interf erence increases averaged values of s and p z

current com ponents as well as thei r norm al vari ati ons along the surface.
The obta ined results show tha t intra -atom ic s À p z interf erence m ay have the

constructi ve or destructi ve inÛuence on the STM process. The deta i led analysis
presented in [11] shows tha t thi s depends on the energies of the states from the
sam ple tha t are acti ve duri ng the tunnel ing, wi th the respect to the potenti als
of s and p z orbi tals of the surface atom s denoted here by E s and E pz , respec-
ti vel y (one-center integ ra ls in LCAO language) | thi s has been schemati cal ly
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Fig. 4. T he energy regions for A l(001) and N i(001) surf aces, w here the intra- atomic

s À p z interf erence has constructive and destructive inÛuence on the tunneling pro cess.

E s and E pz denote the potentials of s and p z orbitals of the surf ace atoms, E is the

p osition of the Fermi level.

i l lustra ted in Fi g. 4. W hen the tunnel ing in the ti p{ sample system ta kes pl ace
thro ugh the states from the sampl e wi th the energies located between and
levels (da rk- gray region in Fi g. 4), the intra -ato mi c interf erence increases
the e£ ciency of the tunnel ing thro ugh and orbi ta ls of the surf ace atom s: thi s
interf erence increases the averaged value and the norm al vari ati ons of and
components along the surf ace. Co nsequentl y, thi s facto r increa sesthe value of the
to ta l conducta nce and causes a stro nger norm al corrug ati on of STM image. Thi s
situa ti on corresp onds wi th the case presented in Fi g. 1, where the tunnel ing ta kes
pl ace thro ugh the state from the Ferm i level of Al (001) surface. At thi s surface
is located 4.37 eV above and 3.34 eV below levels of the surf ace Al ato m s,
so theref ore in thi s case the intra -ato m ic interf erence has constructi ve inÛu-
ence on the STM pro cess.On the other hand, for the tunnel ing thro ugh the states
of the sam ple wi th energies lower tha n or higher tha n (bri ght- gray regions
in Fi g. 4), thi s ki nd of interf erence destructi vel y inÛuences the electro n tunnel ing
in the ti p{ sam ple system . Thi s situa ti on is i llustra ted by Fi gs. 2 and 3, where the
tunnel ing ta kes place thro ugh the states of Al substra te whi ch are located well
below or above levels, respecti vely. In both casesthe intra -ato mi c in-
terf erence reduces signi Ùcantl y the value of and contri buti ons Ûowi ng thro ugh
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surf ace Al ato ms and thei r norm al vari atio n along the surf ace causing even i ts
inv erted corrug ati ons. As a resul t, the inv erted corrug ati on m ight appear in the
who le STM image, as it is in Fi g. 2.

It is also shown in Fi g. 4 tha t in the case of Ni (001) surface the Ferm i level
is located alm ost seven electronvo l ts below E s . Theref ore, we m ay expect tha t
contra ry to Al (001) case, the tunnel ing between Ferm i levels of Ni (001) surface
and Al ti p wi l l be destructi vel y inÛuenced by intra -ato m ic interf erence connected
wi th s and p z orbi ta ls of nickel surface ato m s. Thi s supp ositi on is conÙrm ed by
the STM sim ulati ons perf orm ed for Ni (001): the obta ined results are presented in
Fi g. 5. These dependences clearly demonstra te tha t in thi s case the intra -ato mic
s À p z interf erence has destructi ve inÛuence on the tunnel ing process reduci ng the
value and vari atio n of s and p z components. As a consequence, because of thi s
interf erence the value and the vari ati on of the to ta l conducta nce is considerably
decreased (com pare the correspondi ng thi ck and thi n lines in Fi g. 5).

Fig. 5. The same as in Fig. 1 but for N i(001) surf ace. T ip{sample distance is equal to

4. 6 ¡A .

It fol lows f rom presented resul ts tha t the inÛuence of the intra -atom ic sÀ p z

interf erence on the tunnel ing thro ugh the Ferm i levels of Al (001) and Ni (001)
surf aces is opposite: in the Ùrst case (Fi g. 1) it consi derabl y increa sesthe e£ ciency
of the tunnel ing thro ugh s and p z orbi ta ls of the surface atom s, whi le for Ni (001)
surf ace thi s interf erence reduces the tunnel ing thro ugh these orbi ta ls. Theo reti cal
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Fig. 6. Variation of the conductance for the A l tip moving along a dense-packed row

of A l and N i atoms of the N i3 A l(001) surf ace. T ip{sample separation equals to 5. 0 ¡A .

T his Ùgure presents the variation of the total conductance (solid line), as w ell as the

s; p z , and p xy contributions connected w ith the tunneli ng through the surf ace A l and

N i atoms.

study based on the STM simulatio ns has shown tha t thi s factor m ay be responsible
for the dominatio n of Al ato m s in STM images of Ni 3 Al surf aces [12, 13]. For
the m ore stabl e conÙgura ti on of Ni 3 Al (001) surface, the topm ost ato mic layer
has a m ixed structure wi th 50% Ni { 50% Al com positi on, and STM sim ulatio ns
presented in thi s arti cle have been perform ed for thi s structure. Fi gure 6 presents
the vari ati on of the conducta nce f or the Al ti p m ovi ng along a dense-packed row of
Al and Ni ato ms of Ni 3 Al (001) surface (tunnel ing between the Ferm i levels of the
ti p and the sampl e). Thi s Ùgure also shows the vari atio n of current contri buti ons
connected wi th the tunnel ing of electrons thro ugh s and p z orbi ta ls of the surface
Al and Ni ato ms (corresp ondi ng thi ck and thi n curves, respectively). W e can see
tha t the to ta l conducta nce has large m axi ma located above surface Al ato m s,
whi le the Ni ato m s are invi sibl e in thi s STM proÙle. Fi gure 6 shows tha t the
changes of conducta nce are caused mainl y by the tunnel ing thro ugh s and p z

orbi tals of surface Al ato ms. These current contri buti ons have sharp m axim a above
Al ato m s, whi ch determ ines the shape of the whole STM pro Ùle. Fi gure 6 also
presents the im porta nt di ˜erences between the current contri buti ons connected
wi th s and p z orbi ta ls of Ni and Al atom s. Fi gure 7 presents the density- of-sta tes
di stri buti ons of s and p z states at the surface Al and Ni ato m s of Ni 3 Al (001).



InÛuenc e of the Int eror bi tal Int er ference . . . 227

Fig. 7. Distributi ons of s and p z states of surf ace A l and N i atoms at N i3 A l(001) sur-

face.

These distri buti ons show tha t near the Ferm i level the density of p z states at
Al ato m s is only 20% higher tha n i t ta kes pl ace for Ni ato ms. Ho wever, as we
can see in Fi g. 6, the corresp ondi ng current contri buti ons are very di ˜erent: onl y
Al -p z com ponent repro duces the local izati on properti es of p z orbi ta l showi ng the
stro ng m axi ma above Al ato m s (p z orbi ta ls are oriented perpendicul ar to the
surf ace). The corresp ondi ng Ni -p z contri buti on is alm ost Ûat wi th smal l m axim a
located above Al ato ms, whi ch of course cannot be expl ained vi a the local izati on
pro perti es of Ni -p z orbi ta ls. It fol lows from Fi g. 7 tha t density of s states at
Al and Ni ato m s is alm ost the same in the vi cini ty of the Ferm i level. On the
other hand, the corresp ondi ng s current contri buti ons connected wi th these ato ms
are drasti cal ly di ˜erent. As we can see in Fi g. 6, the Al -s com ponent increases
the current Ûowi ng thro ugh Al ato m s. Ho wever, in the case of Ni ato m s the s

contri buti on has a negati ve sign, whi ch reduces considerably the current Ûowi ng
thro ugh surface Ni ato ms. As a resul t, the current Ûowi ng thro ugh Ni ato ms is
m uch m ore lower tha n i t ta kes place for Al ato ms: thi s e˜ect cannot be expl ained
ta ki ng into account only the density of sta tes at parti cul ar surface ato m s and the
local izati on pro perti es of the orbi ta ls involv ed in the tunnel ing process.

Fi gure 8 presents the results of the STM sim ulati on f or the same case as in
Fi g. 6, but wi tho ut intra -ato mic sÀ p z interf erence related to the tunnel ing thro ugh
s and p z orbi ta ls of the surface Al and Ni ato ms. It fol lows from the compari son
wi th Fi g. 6 tha t dependences shown in Fi g. 8 are basical ly di ˜erent. As we can see,
the rem oval of intra -ato mic s À p z interf erence reduces considerably the s and p z

contri buti ons Ûowi ng thro ugh surface Al ato m s, and increases the corresp ondi ng
contri buti ons connected wi th Ni ato m s: contra ry to Fi g. 6, the Ni -s and Ni -p z
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Fig. 8. The same as in Fig. 6, but without the intra- atomic s À p z interf erence.

components in Fi g. 8 reproduce very well the local izati on of Ni ato ms. As a resul t,
the vari atio n of the to ta l conducta nce in Fi g. 8 is basical ly di ˜erent tha n in Fi g. 6:
now i t is m uch smal ler and the maxi m a appear above Ni ato m s.

The e˜ect connected wi th the rem oval of intra -ato m ic s À p z interf erence
shown in Fi g. 8 is enti rely consi stent wi th results presented earl ier in Fi gs. 1 and 5.
The com parison of the results from Fi gs. 6 and 8 cl earl y shows tha t the dom inati on
of Al ato m s in STM pro Ùle shown in Fi g. 6 is di rectl y caused by the intra -ato mic
s À p z interf erence connected wi th the tunnel ing thro ugh s and p z orbi ta ls of the
surf ace ato ms. Thi s ki nd of interf erence reduces s and p z current contri buti ons
Ûowi ng thro ugh Ni atom s, but on the other hand i t increases considerably s and
p z contri buti ons connected wi th surf ace Al ato m s. Co nsequentl y, only Al surface
ato m s appear in STM proÙle (Fi g. 6) and in the who le STM im age, whi le Ni
ato m s are com pletel y invi sible. The theo reti cal study presented in [13] shows tha t
the sam e mechanism leads also to the domina ti on of Al ato m s in STM images of
Ni 3 Al (111) surf ace tha t wa s reported earl ier in experim enta l wo rk [12].

4 . Co n cl usion s

Theo reti cal study presented in thi s paper shows the im porta nt ro le of intero r-
bi ta l interf erence in the form ati on of STM im ages.The resul ts of STM sim ulatio ns
cl earl y indi cate tha t intra -ato mi c s À p z interf erence can signiÙcantl y increase or
decrease the e£ ciency of the tunnel ing thro ugh s and p z orbi ta ls of the surface
ato m s. It was shown tha t thi s e˜ect depends on the energies of the electro nic
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states of the sam ple tha t are acti ve duri ng the tunnel ing wi th respect to the po-
tenti als of s and p z orbi tals (E s and E pz , respecti vel y). W hen the tunnel ing ta kes
pl ace thro ugh the states of the substra te whi ch have energies hi gher tha n E s and
lower tha n E pz , the intra -atom ic s À p z interf erence increases the e£ ciency of the
tunnel ing thro ugh these orbi tals of the surface ato m s. Thi s e˜ect leads to the in-
crease in the who le conducta nce and i ts norm al variati on along sam pl e surface.
On the other hand, the tunnel ing thro ugh the states of the sampl e wi th energies
lower tha n E s or hi gher tha n E pz i s connected wi th the destructi ve inÛuence of
intra -ato mic sÀ p z interf erence on the tunnel ing thro ugh these orbi ta ls. In these
condi ti ons, the value and the vari ati on of s and p z current contri buti ons is reduced
by such ki nd of interf erence: as i t was shown, the destructi ve inÛuence of sÀ p z

interf erence m ight lead to the inv ersion of STM corrug ati on. It fol lows from pre-
sented resul ts tha t thi s interf erence m ay cause the di ˜erences between the height
and ki nd of STM corrug ati on at di ˜erent m etal surfaces. Thi s factor might be a
reason of the unexp ectedly high corrug ati on pro vi ded by STM measurements of
som e metal surf aces, whi ch cannot be expl ained by the charge distri buti on along
these surfaces. W e have also shown tha t the e˜ects connected wi th intero rbi ta l
interf erence can inÛuence STM images of meta l al loys by increasing and reduci ng
the current contri buti ons Ûowi ng thro ugh di ˜erent ki nds of surface ato m s. Thi s
situa ti on ta kes place in the case of (001) and (111) surfaces of Ni 3 Al al loy: STM
sim ulati ons perform ed for thi s case cl earl y demonstra te tha t intra -ato mic s À p z in-
terf erence is responsible f or the dom inati on of Al surface ato ms in the STM im ages
of these surf aces.
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