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Influence of 1X 1 defects on Schottky barrier height at the AgSi(111)7X7 interface

H. Hirayama® T. Yamaguchi, H. Ikezawa, and K. Tanaka
Department of Materials Science and Engineering, Tokyo Institute of Technology,
4259 Nagatsuda, Midori-ku, Yokohama 226-8502, Japan
(Received 7 January 2002; revised manuscript received 20 March 2002; published 1 August 2002

We examined the influence ofXl1 defects at the Si(111)¥7 surface on the Schottky barrier heigsBH)
of the Ag/Si interface. By quenching samples from high temperatures, we intentionally introdudedefects
on Si111) 7X 7 surfaces. After characterizing the area of thelldefects by scanning tunneling microscope,
we deposited Ag filmsn situ at room temperature on the surfaces and measured the SBH. As<theafea
increased from 0 to 50 %, SBH increased from 0.60 eV to 0.66 eV. The darea dependence of the SBH was
caused by a locally high SBH in thexil area with the pinch-off area extending around it.
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I. INTRODUCTION Si(111) wafer (p=1.5  cm). We made ohmic contacts on
the backside of the samples by depositing Sb and Au for dc
The Ag/Si interface is abrupt, and has no silicide pHase.cyrrent heating ant-V characteristic measurement.
Furthermore, recent x-ray diffraction studies have shown that |, the UHV apparatus, the samples were cleaned by
the 7x7 long-range ordering is preserved at the interface) 200 °C flash heating to exposex7 reconstruction at the
when the Ag film is deposited at room temperature on they,face. The samples were then cooled to room temperature

. —4 . .
S'(111)7><7. surface’~* In addition, a close correlapon be_- slowly (1 K/seg to prepare the perfect¥7 reconstructed
tween the interface structure and Schottky barrier he'ghgurface or quickly to prepare thex77 surface with 1

(SBH) was pointed QLﬁ' We thus e>_<pect the Ag/Si(111)7 defective domains. Since rapid cooling at around the transi-
X 7 interface to exhibit a reproducible SBH. However, the.. .

. (111577 i tion temperature from high-temperature metastabtel 1to
previously reported SBH of the Ag/Si(11 interface stable 7<7 phase is necessary to freeze the 11 defect
has scattereff;'° though the Ag films were deposited on P TR

7domams in the ¥ 7 reconstructiort:% we quenched

Si(111) surfaces that had been confirmed to exhibit the . !
X 7 reconstruction by electron diffraction. the samples by turning off the heat current at high tempera-

Surface segregation of the dopants in thermal cleaning hds"es to preserve 1 domains in this study. Although the
been pointed out as a possible origin of the scattering iPPearance of X 1 defects was stochastic, the appearance of
SBH.® Besides the dopant segregation, the 1l defects at the 1X1 domains was strongly affected by the temperature
the Si(111)7 7 surface could cause scattering in SBH. Inat which the heat current was turned off. By changing the
preparing the Si(111)%7 surfaces, the sample is usually heat-off temperature from 1200-880°C, we were able to
flashed at high temperature above 1000°C in ultra-higifontrol the 1x1 area in the range of 0 to 50% at the
vacuum(UHV). The surface has a perfec? reconstruc- Si(111)7x 7 surfaces. The X1 area was characterized as
tion when the sample is cooled slowly enough after the flashn average of the localXd1 areas observed in more than 100
while the 1x 1 patchy domains appear in thex7 recon- ~Scanning tunneling microscopy images taken randomly at
struction when the sample is quenched after the ft4sfi.  various points on the surface. .

However, the surface including thexil domains also ex-  After the STM characterization of thexi1 domains, we
hibits the 7x 7 diffraction pattern. The inclusion of the 1 deposited 200 nm thick Ag film& situ on the surface at

x 1 defects is not observed in the electron diffraction pattern/00m temperature. By using a hard mask, we deposited Ag
The 1x1 defects could affect the growth of Ag and the ON the 1 mrﬁ.ar_ea in the center of the sample surface. The
interface structure to give different SBHs from the 7 sur- |-V characteristics of the Ag/Gi1l) samples were measured
face. However, the effect of thext1 defects on SBH has not €X Situ SBH and the ideal factor were deduced by fittlRy
received much attention. In this study, we introduced the 1characteristics with the thermoionic emission thédmyfter

x 1 defect at the Si(111)%77 surface intentionally, and in- Subtracting the voltage drop at the backside ohmic contact.
vestigated its effect on SBH. To rule out any effect of dopant segregation, we prepared the

surfaces with X1 defects of smaller and larger thermal
budgets than the standarX7 surfaces with no defects. The
1X1 surfaces of smaller thermal budget were prepared by
Our experiments were conducted in an UHV apparatugjuenching just after the flashiigmitting the slow cooling
consisting of the loading chamber, the treatment chambemecessary to obtain the perfeck7 surfacé. The 1X1 sur-
with an Ag Knudsen cell, and the main chamber with a scanfaces with larger thermal budgets were prepared by quench-
ning tunneling microscop¢STM) unit**® The base pres- ing the perfect X 7 surfaces that were made by the standard
sure of the treatment and main chambers was less than flashing and subsequent slow cooling processes. No system-
X108 Pa. The samples, with dimensions of 2.5 mmatic difference was found in SBH and the ideality factor be-
X7.0 mmx0.2 mm, were cut from a low doped-type tween the X1 samples prepared in these two ways. The

Il. EXPERIMENT
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FIG. 1. STM images of the slowly coole@ and quenched R .’
Si(111) surfacegb). 0.61 |- s ‘,—"
scatterings were less than 0.01 eV and 0.05. Thus, the 0.60
changes in SBH we report here are regarded to be caused
purely by the inclusion of the X1’ defects at the 058 4 o+ v oy 0 by By by
Si(111)7x 7 surface. 0 20 40 60 80

"1x1" coverage [%o]
Ill. RESULTS
FIG. 2. SBH vs IX1 area. Experimental data, cireterror bar.
Dashed line, a calculation assuming that the experimentally ob-
served 1X 1 area did not pass the current. Dashed line, a calculation
by extending the X1 area to fit the data.

Typical STM images of the slowly cooled and quenched
Si(111) surfaces are shown in Figs(al and 1b). The slowly
cooled samples exhibited a perfeck7 reconstruction over
all the surface. The quenched samples includedlldo-

mains in the X 7 reconstruction. In the ¥ 1 domains, ada- SBH because the characteristic dipole of the 77 recon-
toms were arranged with22 orc(2x4) short-range order- - gy,ction disappears. However, more detail is not available
ing, though they did not hold any Iong-range_ordeﬂhﬂ;z.ln about the reason for the large SBH on the 1L area, though

the Ag growth on the X7 surface, small Ag islands nucle- i is reasonable to expect that the breaking of the77inter-

ated and were Zgg[‘f'“ed in the half unit cell of th&«7 ;00 grdering at the X 1 domains could yield specific inter-
rgconstrucﬂon‘: > With the coverage, the tWO- taqig| electronic states that modify SBH locally. In the fol-
dimensional2D) Ag islands became larger in each half unit lowing, we assuma priori that the X1 area has a high
cell and percolated to form the 2D wetting layer keeping theggyy locally, and discuss its effect on thex1 area depen-
7X7 long-range ordering. In further deposition, the 3D Ad gence of SBH we measured. In this respect, we regard the
islands nucleated on the 2D wetting layer incoherently with,oasured forward current as consisting of two components,

the ordering of the underlying wetting layer. However, they,q o\ rrent through thex77 area and the current through the
7X7 ordering in the wetting layer was preserved even aftey 1 area. Thus, the measured curréptis given by the

the 3D island nucleation. Thus, the Ag/ELD interface  f40ying equation in the framework of the thermoionic-
grown on the perfect X 7 reconstruction maintained the 7 4ission theory?

X7 ordering as has been confirmed by x-ray diffraction

experiments:* In contrast, no long-range ordering was pre- | = AST{exp( BV — 1)H(1— Xy )exp( — BPyr)
served in the growth on theX1 domains. Therefore, the
7X 7 interfacial ordering was broken locally at the interface + Xy eXp( = BP 1)}

grown on the sample including thexil domains. ) ]

Figure 2 shows the %1 area dependence of SBH. The ~ Here,Ais the Rechardson constant for mitype S{111)
Ag/Si(111) interface on the prefect77 reconstruction had interface, S is the interface ared is the temperature
an SBH of 0.68-0.005 eV. The X1 area at the $111) =1/(kT), andk is the Boltzmann constanX;  is the area
surface caused an increase in SBH. Roughly, SBH increas@fcupation of the X1 domain.®7,; and ®,,, are the
linearly with the 1x 1 area as illustrated by the dotted line. SBH on the %7 and 1x1 local domains, respectively. At
The 40% 1x1 area at the ¥7 surface raised SBH to ®=0.60 eV, alocal increase in SBH by 0.10 eV reduces the

~0.65 eV. The ideality factotn) also increased from less current through the area by a factor of two. Thus, in the
than 1.05 to~1.6 with the inclusion of the ¥ 1 area(not simplest approximation, we assume that the local SBH on
shown. the 1X 1 increased over 0.10 eV and that the forward current

on the 1X1 is negligible. In this case, only the current
through the remaining X7 area(i.e., the first term in the
last parentheses on the right-hand side of the above equation
Figure 2 suggests that SBH is locally large on the1l  contributes to the measured current. However, SBH was
domains at the Ag/®l11) interface. Schmidtdorfet al?>  evaluated as the current flowing uniformly through all the
proposed that the stacking fault half unit of th&7 recon- area under the Ag dot in our experiment. Thus, the decrease
struction has a dipole to lower the SBH at the Ag1%i) in the current at the X1 local area results in an increase of
interface. They suggested that thg 1 interface has a higher the apparentSBH in this study. In Fig. 2, the dashed line

IV. DISCUSSION
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FIG. 4. Calculated depth profile of the potential barierdepth
"1x1" coverrage [%] from the interfaceX, distance from the edge of thexil area in the

interface plane.
FIG. 3. Effective X1 area vs experimentally observec 1

area. Effective X1 area fits the experimental data better as indi-in Fig. 4. Local maxima appear in the depth profile Zat
cated by the dotted line in Fig. 2. Inset, exudation of the pinch-off=5—-10 nm for points 5 and 10 nm apart from thx1
area of the width. around the X 1 domain. domain. The local maximum gives substantial SBH in the
. forward current transport. Thus, the depth profile means that
o e s o . e igh SEH area exdes rond e domain s men-
mentally. As shown in the figure, this assumption qualita_tloned in the preceding paragraph, the increase of 0.10 eV is
' ' enough to make the forward current pinchoff. Thus, the

}—Ilvevlvy \?XP I?rllns thenltri]tcrtievase Or]c thn? ?1?:_' \r’]V'tth thffl atlr?a. present calculation indicates the pinch-off area has a width of
owever, the quantitative agreement IS not Salistactory. -~ 5_109 nm. This width agrees with the experimentally esti-

To make the fitting better, we need mor1 area than ._mated value. However, the width of the pinch-off area de-

'E)ends on the potential of thexll area assumed in the cal-
culation. The width becomes smaller as the potential

ssumed for the X 1 domain decreases. In this respect, the

cal barrier height on the X1 domains should be deter-

ined experimentally. We are preparing to measure the local
SBH distribution around the X1 area by ballistic electron
mission microscop®. However, at present stage of our
tudy, we attribute the necessity of a larget 1 area for the
fitting to the high SBH area exuding around th&1 do-
mains.

between the X1 area observed experimentally and the 1
X1 area necessary to make the fit better as indicated by t
dotted line in Fig. 2. The discrepancy between the observe
1X1 area and the area necessary for the better fitting coul
be solved by exuding the pinch-off aféaf the high SBH
around the X1 area. Based on Fig. 3, we estimated the siz
of the exuded pinch-off area assuming that the pinch-off areg
extended as a zone of width around the X1 domains
observed experimentally as illustrated in the inset of Fig. 3
As a result,L was roughly estimated to be 5-10 nm.

To examine the possibility of a pinch-off area of such a
width, we calculated the potential around th& 1 area.
Here, the potential was assumed to be 1.00 and 0.60 eV on In summary, we examined the effect of the<1 local
the 1x 1 and 7<7 local domains at the Ag/@i1]) interface  domains at the Si(111)¥7 surface on SBH at the Ag/
for simplicity. The effect of the local ¥ 1 area of high SBH Si(111) interface. SBH was found to increase with the 1
was approximated by a dipole moment, and the Poissoix1 area. The increase in SBH is qualitatively explained by
equation was solved to obtain the spatial distribution of thehe 1X1 area of high local SBH. However, a quantitative
potentiaf® around the & 1 domain. For the points 5, 10, and explanation needs the-510 nm exudation of the high SBH
20 nm apart from the X1 domain in the interface, we show pinch-off area from the X1 domains. A rough estimation
the potential as a function of the depth from the interf@@e supports the exudation of the pinch-off area of this width.

V. SUMMARY
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