Erc. Unv. Fen Bil. Derg., 8, 1, {1992), 13501361

Al-nSi SCHOTTKY DIYODLARININ iDEAL OLMAYAN I-V, C-V
KARAKTERISTIKLERT VE ARAYUZEY HALLERININ ENERJ! DASILIMI

Abdiilmecit TURUT ve Mustafa SAGLAM
Atatiirk Oniversitesi Fen-Edebiyat Fak. Fizik B&1Umi-ERZURUM
OZET ’

Metal I's yar llatken arasinda blr tabii (yerdi® oksit 1abakasiws. varhfini gézSning
alai 1k, A&l Schottky diyediann ideal aimayan -V ve C-V karaieristixlerini yoruraladik.
Doy beslem in | U l-exp (-gV/KT]-Y ve dVid(inl)- Igratiklerinden dealite {akidrinin
degadai 1,48 va 1,74 olarak elde odiddi. Benzer olarak, engel yuksekli§i igin 0,54 eV'luk bir
dejer dojns beslam H(i}- grafijinden hesaplandi, Schottky divodun serl direncinin dogru
kestam 1-V karakteristiklerindar gikantai: Cheung'un fonksiyontan yardimiyla 1280-1530 £
olduu gonia. C 2.y gratiginde agal: dofry bikdlen bir edri gSziendi. Bu, arayozey
tabakast v1 araydzaey hallerinin varigina Daflandi. Bu ideal nimayan 2. graligi, lineer olan
(C-C)2-V grafijing 330dgiCroldd, buradu Cg, “iave siga° olarak adlandiniir ve C-{Vg+V) 172
qratiginin 20 joy aksen wecigiminden elde daiir. (C-Co)"’-v grafijindan engel yoksoklidi 0,52
e\ clavak ha:éaplandl. Aynica, araylzey ha'lerinin yau iletkenle dengede vldugu tarzecildi
Araynzey hal yogunlugurun lletkerniik bandinin tabanina dogru expenansiy«l olarak anhd
JOraldl ve anlann enarji defiuminin daha e yayinlanan sonuglaria uyum iginde olkuju
paclendi, ’

NONIDEAL i-¥ , C-V CHARACTERIETICS and ERERGY DISTRIBUTION of
INTERFACE STATES of Al-nSI SCHOTTKY DIODES ‘

SUMMARY

We have interpreled non-idea! IV and C-V characterisics of thé Al-nSi Schottky
diode by considering the presence of a native interfacial layer and inlerface stales
batween metal and semiconductor. The vaives ¢l 1.45 and 1.74 loi the ideality facior
xas obtzined  from the forward bias in{l 7 [1-exp(-q¥/ ¥T)] } vs V plcl and  the
ferwzrd bias dV/d{Ini} vs T plot, respectively. Likewise, a value of 0.54 ¢V for the
barrier height was computed from the intercept of H(1)-1 plot with vertical 2xis. The
series rasistance ol the Schotiky diode was also obiained from Cheung's funclions
derived from the forward characieristics. A downward curvature which is ascribed 1o
thz effects of the Interfacial layer and the interface states was observed in the $2 vs V
slot . This non-ideal C2 vs V plot was Iranslormed info the finear (C-Cq ¥2 vs V
plot by determining the “excess capacitance” C, which is the intercept of C vs
{(V+Vg)2 plot . The barrier height determinad from the {C-Cg)'2 -V plot was 0.62
eV, In addition , it was supposed that the interface siales equilibrate with
semicorducior, and thely densily was seen 1o have 3 slow exponzntial insrease lowards
bottom of conduction band in the energy distribution plot aid their energy distribution
was obseived o be in agreement with previous resulis .
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1. INTRODUCTION .

The Schottky diode is one of the most important sexﬁicon'ductor devices. According
1o Schottky mogle! the barrier height is very dependent on the metal work function{t] ,
but according to Bardegn's model, it is also dependent on the inlerface siales which are
continuously distributed in energy within the forbidden gap of samiconductor]2).
Under conditions of Schottky barrler formation or during surface preparation and
metal e\)aporation , ona essentially accepts that semiconductor surface is covered:
ordinarily with-a thin layer of native oxide , and thus between the semiconducier and
the thl_n oxide layer, the presence of inlerface stales is expected with a high state
density in forbidden energy gap(3-10] . Thereby , these inlerfacial fayer properties
such as the interfacial layer's thickness and the Interface states play an important
role on the elecirical characteristics of Scholtky diode and they cause results to
extract hmre different from those expected . In a such case , the struciure of Schottky
barriar_ with an interfacial layer is the same as that of MIS diode[3-14] .

The first discussions and evaluations related to the presence of the interfaclal
layer and the interface states were by Cowley and Sze[s] and Turner and Rhoderick{6]
, they showed that the barrier height depended on the characteristic parameters of the

_interfacial layer rathar than v)ork function of metal . Then , some workers determined
the energy distribution and densily of interface statés from the IV and C-V
characteristics of Schotiky diodes by following the previous works and making special
assumptions on the interface stales(4,8-17) . Funhemio.re . many detailed
investigations were also carried out 1o interpre! the interface state density and its
‘epergy distribution by means of pholoemission spectroscopy(i8,18} , admiltance
{Schollky capacitance) spectroscopy  [12,20-26) , deep level Wransient
spectroscopy({DLTS){27] and eleclron paramagnetic resonance(EPR}[28] . ‘

In this paper , we have discussed our resulls by assuming the presence of an
lnier!acial layer, which introduces interface states, due to the nonideal I-V and C2-
V characteristics , and in addition fo that , we have determined tha energy distribution
of the interface states in the band gap by using the forward bias -V characleristics of
our samples.,
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2 ., THEORETICAL BACKGROUND
The basic current equaiion for  Schotiky barrier dieds is given by nermionic
theory[4,29)

I = AA"TZexp(-q®y / KT)[ exp(qV / KT} 1] e

where A Is diode area , A* is the effective Richardson constant , T is absolute
temperature , K is Boltzmann consiant, @y, Is barrier height . Howaver , the barrner
height , @y, is strongly dependent on the electric figld in depletion region , and 1hus
also on the applied bias . Therelore, the barrier height Is reduced as a resulit of image
force lowering and interacial layer, in such a case the effective barrier height @ is
used in place of ¢, and is defined as[4,29]

_ Dg = Dpn,g -APpao + pv _ (2.3}
or '
Py u Dy, + PV {2.b)

where @y, Is Qpn o APy g + Pon,o is the barrier height (at thermal
aequilibrium) at zero bias , Ady, o Is the barrier lowering due o image forca at zero
bias and B is the voltage coelficient of the effective barrier and is givén by
B=0Qy/dV « the change in the effective barier with bias voltage and is assumed 10
be a positive constant . The current now becomes

I= AA'T2exp|-q(®pa+ PVY kTifexp(qV/ kT) -1] ,
wi
=Ioexp(-B qV/ kT)lexp({qV/ kT} -1} (3)
where
g = AA°T2axp(-q®y,/ kT). {4)

Taking 1/n = 1 -f = 1- (@ g/aV)[4,14], Eg.(3) can be expressed in' the form
1 = Ioexp(qV/ nkT)[1 -exp(-qV / KT)] , )
where N is the well known ideality factor , and is a measure of confirmity of the

diode. n has usually value greater than unlty and can be obtained from the slope
of straight line part of the forward bias In{l/{1-exp{-qV/ kT)]} against V plol.
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in addition , for the interface states in uquilibrium with the semiconducior |,
ideality factor N Is equal to {7]

N =1+ 3€{eg/ wh+ qNg ], (6)

where w is the depletion region width and Ng is the interface state density in
equilibrium with.the semiconductor , £ is permilivity of the semiconductor, €; is
permitivity of the Interfacial layer and § its tihckness.

Furthermora , the energy of the interface satetes Eg relative 1o tha bollom of
conduction band, Eg, at the surface of semiconductor is given by

Eg - Eg = Q0 - QV (7)

The small-signal ac capacitance of the ideal Schoitky diode(without any
interfacial layer) as function of applied dc voltage is given by the relationship{30]

C = [ qegNg / 2Vg + V2, | ®

whare Ny Is the donor density in tha semiconductor, Vg Is the diffusion potential. As
can be seen from Eq.(8), C is proportiohal to {Vg + V)'12 and the C vs (Vg+V)'172
plot gives a straight line which goes through origin . However, when an interfacial
layer and interface states with high density are present between the metal and
semiconductor, C-\f characteristics become functions of interfacial “layer
properties[3-10]. In such cases, a non-linearily or curvature arises in the
reverse-bias region of C-2vs V, and the straight line of C vs (vVd + V)"1/2 plol
does not now go through origin , therelfore, the intercept of the plol gives an "excess
capacilance, C, , which is used to correct C-V characterislics[31-33] .

3.EXPERIMENT and EXPERIMENTAL RESULTS

The n-type (111) Si with a doping concenwations of about 2.98x10'2 em-3
(high resistivity) used in this sludy was obtained from Wackes-Chemitronic .
Samples were mechanically polished and chemically eiched , then ohmic contacts to
one face of samplés were made by the evaporation and the alloying of Au-Sb. Scholtky
contacts were made the other face by evaporation of Al . The evaporation processes
were carried out at a pressure of 10°5 Torr . The area of Schottky contacls were
about 0.78 mm?2
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Fig.1 shows the semilog I-V characteristics measured at 300 K of the Al-nSi
Scholtky diode. The curva (a) shown in Figi shows the forward blas In{l/[1-exp(-
qV/ kT)} vs V plot . The value of idealily faclor N calculaled from the slope of the
linear part of the plot is about 1.46 . Furthermora , the barrier height as well as
olher Scholtky diode parameters , as the ideality factor N and the serigs resistance ,
werd also caleulated using a method deéveioped by Cheung for the forweard bias
characleristics(34] . Iri this calculation , the following functions of Cheung are used :

dv/d(inl) = R I + (KT/ qin (9)
and
H{D = V - B(KT7 qlIn{/A A'T?) (10.a)

H(I) = RT+ ndy, o (108

As can be seen from Eqgs.(9} and (10.b) , dV/d{InI} vs 1 and H(I}) v¢ ! plots shouid
giva straight lines. Those plots drawn are given in Fig.2 , The values of the series

resistance of the Al-nSi Schotiky diode calculated from the slope of straight lines and
the values of n @nd ®pn(=0.54 eV) oblained from their intercepts on Ihg y-axis are

given on Fig.2 .

The downward curvature in the l-V charactaristic; ‘al high forward bias values is
attributed to the series resistanca and a continuum of the interface states l12,as] .Tha
enargy distribution of the interface states can be deduced from the downward
curvalure ragion without considering the effect of the series resistance (as will be
discussed later). The forward T-V measuréments {the experimenial values of | for all
the values of V) are well fitted to the equation

It-expl-qV/ kT) = 1.4 x10°@ exp(qV/ nkT) {11)

- with the ldeality factor N values shown in Table t and Fig.3. Substiluting in the
Equ.(6) the values of n in Table 1 (using §=-20 AO[7], ggu11.82, gj=4£5[29]) and
w=8.37 um from C-V measurements (Fig.6) , the valuas of Ng as a funclion of applied
voltaga V were obtained and are given in Table 1. The results of vdllaga dependenca of
the Ng was converted 10 a funcllon of Eg using Eq.(7). Ng vs Eg-Eg Is also shown in
Table 1 and Fig.4.
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. The C-V characleristics of the Al-nSi Schottky dicde measured a1 100 kHz.‘
300K, are shown in Fig.5 and Fig.6. The typical C2 vs V_ characteristics {reverse
bias) is shown by the solid circlas in Fig.6. As seen from Fig.6, a downward curvature
was ohiserved in tha 0-0.5 V region of the cay plat . This case can be due 1o prasence
of intercafe states, as will be discussed later [4,12,31,32], so " the excess capacilance
*, Co. appears to correct the C2 -V characlerisiics. The values of Cg can be
determinad by extrapolation of C vs (Vq + V)'1/2 plot (Fig.5) . As seen from Fig.5 ,
C, was obtained as 9.97 pF. Fig.6 shows the non-linear C"2-V plot and essentially
the linear (C-cg)'2-v plot . Thus the non-inear C-2 -V plot was transformed into
the linear {C-Cg)2 -V plot by determining the excess capacitance. As can be seen
from Fig.6 , the extrapolated voltage intercepl of (C-Cg)'? -V plot with V axis Vy,
was found as 0.36 V. The donor concentration was also obtained as 5.6x10'2 ¢m™3
trom the slops of the plot . The values of the Intercept voltage and the donor
concetration will be corrected for the effect of interfacial layer in discussion section.

4. DISCUSSION

The value of N calculated from tha linear region of the forward bias I-V
characteristics was larger than one , this indicates that the Al-nSi Schottky diode does
not obey ideal Schottky theory . In addition , a downward curvature observed at low
reverse bias reglon of C-2 .¥ characleristics also indicates the daviation from
ideality. Possible causes of deviaton from the ideal |-V characteristics can be the
prasence of the interfacial layer properties , the effect of the image force and the
existance the recombination of electrons and holes in depletion region , but the last
two effecls are expected to be smali(7,29,36]. Thus , it can be said that the most
considerable cause of departures from ideal behavior is dug o the presénca of the
intarface sates and an interfacial layer[3-20,31-36) . The electrical measurements can
be usad to obtain interface parameters because the inlerfacial layer properties affect
the electrical characteristics of the Schoitky diodes. Therefore , the Al-nSi Schotiky
diode can be reported as an MIS diode . Likewise , non-ideality of c2.v
characteristics of Al-nSi Schottky diode can also be attributed to the presence of the
interface slates , interface layer and, some deep lavel impurities which de not
consider In this work .

The curves {a).{b) and (c) shown in Fig.1 show the semilog forward bias |-V ,
reverse bias Inl-V and reverse bias Inl-V /4 plots of Al-nSi diode, respeclively .
As can be seen from ihe Fig.1, the reverse bias saturation current |, does not agree
with that of forward bias, this confirms an additional current component of reverse
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nias. This additional current can be attributed the voltage developed across the

+ Interfacial layer which give stronger voltage dependence than thal predicted to image

force lowering . 1t can breifly said that the presence of the interfacial layer in diodes
causes the barrier height to decrease and the magnitude of the reverse current to
increase with increasing revarse bias as a result of the increasing voltage drop across
the Interfacial layer [the curve (b} shown in Fig.1]. Therelore , In the reverse bias
of tha 1V plol , complete saturation has not been observed. Thereby , as also shown in
Fig.1, to obtain the barrier height from the reversa bias Inl-V[the curve (b} shown
in Fig.3]) and InI-¥ /4 plotfthe curve (c} shown in Fig.1] it gives error
conclusions . ‘

The values of the ideality factor n was obtained as 1.46 from the straight line
part of the forward blas in{l/{1-exp(-qV/ kT)]} vs V plot (Fig.1.a) ahd calculated
as 1.74 from the plots of Cheung functions {Fig.2) oblained from thé downward
curvature part of the forward bias I-V plotfthe curvé (a) shown in Fig.1]. The
diffarence betwean those iwo values of N can be explained as the facl that the first one
only is under effeci of the interfacial propertles and*t(he second one is under effact of
both the Interfacial properties and the serigs resistance because there also are both
elffects al the downward curvature region[4,12,33-37) , The same interprefation is
also valid for the valus of 0.54 eV of the barrier height @, deduced from Cheung's
{unctions(Fig.2).

As seen in Fig.4 , a slow exponential increase of interface stalas exists from the
midgap towards the bottom of cunduction band. The presence of such a high density of
the Interfaco states could be related to the existence of a thin nalive oxide layer on Si.
Therefore , we baliave that the prasence of this thin native oxide(the Interface layer}
on Si causes a cosiderable amount of Interface states especiaily in the anergy range
above the midgap . This Is because of the growth of this oxide layer afler eiching and
during thermal treatment for formation of ohmic coniact . This is an expectionally
high density of the states for an etched surface([7,20,29] . The energy distribution of
the interface stales we observed is very similar to the lhose reporied by different
authors{e,12,20,38-41} . '

Moreavar , the nonideal €2 -V plot showing curvature concave downward due o

elfects mentioned above was transformed into linear (C-Cg)2 -V plol(Fig.6) by
determining the *excess capacitance*(Cg) which is intercept of a C-(V+V)/2 piot .
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In making this transformation (the reverse bias) it has been assumed thal the density
of interface states Ng remains constan! as reverse bias vollage V changes|4,29,37,42].
For the stuation where the inlerlace state capacitance was accepled as "excess
capacitance®, £-2 vs V plot is clea:ly not a straight line even if the interface states
density is assumed constant and its 'slope is always less(in_ magnitude) than thal of an
ideal Schotiky dicde. Again, this stuation could lead bulk doping density computed from
the slopa of C*2.V plot to deduce higher than that expected[42]. The capacitance of
interfacial Igfar is not taken inlo account because it is very large for thin
Iayers[lz.ai.;él . The intercept voltage V,(=0.36V) and doping concentration
Ng(=5.56x1012 cm-3) are corrected by means of a factor of (1+0)~1(the case 2 in
ref.42) for the case of lﬁa'axcess capacitance®, where the quantity a is given by
qNg8/e[42]. Using the average value of Ng~ 8.62x1016/m2.eV, it was oblained a
value of 0.78 for a. Thus, the correct values of the ditfusion potential V¢ and doping
concenration were determined as 0.21 V(thus the barrier height=0.62 eV) and
3.15x1012 cm?, raspeclively . The difference batween the value we oblained and
that given by the manufacturer may be due 10 the presence of an additional oxide-like
interfacial layer, as aluminium oxide for Al contact{33} , and change in the effeclive
area of the Schottky contacts . '

Our discussion and calculations have been ba-;ed on the assumplion that an
intarfacial oxide iayer which is caused by surface preparation , metal evaporation or
posl-dapdsitron thermal ireaiment exists belween semiconductor and metal, and that
the interface stales equilibrale with the semiconductor . R

in summary , we siudied 1o interpret non-ideal |-V and C-V characteristics
which are due to undesirable causes and we allribuled the dep'armras from ideal
Schottky theory to the interfaclal layer properties . We compared with the resulls of
different authors'by extracting the energy distribution of the inlerface stales tiom the
non-ideal forw . -d bias I-V characlesislics of the Al-nSi Schotlky diode and it was
seen that our results are in agreement with the other results .
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Tabla1. Enargy distribution of tha intarface state density oblained from the forward bias
I-V characteristics of the Al-nSi Scheltky dicde a1 300K,

V(Valt) n Ec-Eg  Ng(1018 m-2ev-1)
0.200 1.46 0.420 5.08
0.225 1.50 0.395 5.52
0.250 1.66 0.370 .19
0.275 1.60 0.345 8.63
0.300 1.65 0.320 7.18
0.325 1.71 0.295 7.84
0.950 1.78 0.270 8.62
0.375 1.84 0.245 9.28
0.400 1.90 0.220 9.95
0.425 1.98 0.185 10.8
0.450 2.04 0.170 “11.4
0.475 2.11 0.145 12.2
0.500 2.20 w0120 13.2

Flgure Captlons
Figurei.The Currant Voltage characteristics of the Al-nSi Schottky diode:
{a)-The faorward bias In{l/{1-axp{- quTm vs V,
{b)-The reverse bias Inl vs V,
(c)-The reverse bias Il vs V14, :
Figure 2. dV/d(Inl) vs T and H{) vs 1 plots of tha Al-nSi Schettky dioda.

Figure 3. Bias dependence of n obtained from the downward curvature regicn of
the forward bias I-V characteristics .

Figure 4. Density of the interface states Ng as a lunction of E¢-Eg .
Figure 5. Determination of the values of C, by extrapolation of C vs (Vg+V)1/2

Figure 6. Comparison of the C-Z vs V plot and the linearized (C-Cg)? vs V
plat of the Al-nSi Schoitky diode at 100 kHz , 300K.

1358



ATUROT, M.SAGLAM/&1-nSi SCHOTTKY DIYODLARININ IDEAL OLMAYAN 1-¥, C-¥ KARAKTERIS.

1359

ao

0

s
"G
e

%,

11 - exp{-qV/ KT )]{A)

1(A)

o N

=]

o

dvrdinl) x 1072 (v_

08
V{Volts)

i . ] )
o n=174 . $pn=Q54Y
. R=12B0n  R:I510 .0

-{1.05

41.03

101

HI) (V)

095

Figure:2 !

6 1 2 3 4 5 6

5

x10° % {A)

093



. ATORUT, M.SABLAMZAL- nSi SCHOTTKY DIYGDLARININ IDEAL OLMAYAN 1-¥, C-V KARAKTERIS.

&

n
o

ideality factor,n

20
— a -
15
B L4
.10 v C, =9.97pF 4 bt 2 2 I
! ~ o a2 03 04 05
Ec-EsleV)
5 y Figure: 4 '
00 1.0 20
(Vge ¥V 2vontsyV2
Figure: §
-
)
o
ul?
]
<

1 i o

0.4 ¢.0
[
voz= 0435 v

Figure: 6

6% 08 2
V{Volis)

1.6 2.0

1360



A'.TI'JRGT, M.SAGLAM/AI-nSi SCHOTTKY DIYODLARININ IDEAL OLMAYAN 1-¥, C-¥ KARAKTERIS.

REFERENCES

1. 5.M.Sze, Physics of Semiconductor Devices, 2nd ed. (Willey, New York),
p.246(1981) )
2. J.Bardeen, Phys.Rev.71,717(1949)
3. J.Szalkowski and K.Sierenski, Sclid-St.Electron.31{2),267(1988).
4. P.Cova and A.Singh, Solid-Si.Electron.33(1), 11(1930)
5. AM.Cowley and S.M. Sze, J.Apll. 'Phys., 36(10), 3212 (1965).
6. M. J.Turner and E.H.Rhoderick, Solid-St.Electron.11, 291(1968)
7. H.C.Card and E.H.Rhoderick, J.Phys. D: Apll. Phys., 4, 1589 (1971},
8. A.Deneuvilie, J.Appl. Phys., 45 {7), 3079 (1974).
9. M.Hirose, S.Yokoyama and Y.Osaka, Phys. Stat. Sol.{a),42,483(1977).
10. A.E.Sapaga,Phys. Stat. Sol.(a),42.,585(1977).
11.C.Y. Wu, J.Appl. Phys., 51 (7), 3786 {1980}
12. A.Singh,Solid-St.Electron.28(3).223(1985).
13. H.H.Tseng and C.Y.Wu, Solid-St. Electron., 30{4), 383 (1987}
14.2s. J.Horvath, J.Appl. Phys., 63(3), 976 (1988).
15. K.C.Reinherd!, A.Singh and W.A.Andersen,Solid- St. Electron.31,1537(1988).
16.K.Maeda, |.Umeza,H.lkome and T.Yoshimura,J.Appl.Phys.68(6),858(1530).
17. W.L.Vincenl,A.G.Martin and W.V.S.John,J.Appl.Phys.68{7),3470(1930).
18, A.Deneuville and B.K.Chakraverty, Phys. Rev. Lett., 28, 1258 (1972).
19. P.E.Gregory and W.E, Spicer, Phys. Rav. B. 12, 2370 (1975).
20.C.Barrst and A. Vapaille, Solid-St. Electren.18,25(1375).
21.C.Barret and A.Vapaiile, Solid-St. Eleciron,19.73(1976}.
22.C.Barret and A. Vapaille,.21,1209(1978).
23.C.Barret and A.Vapailie,J. Appl. Phys.50({6),4217{1979).
24.C.Barret F.Chekir and A.Vapaille, J. Phys.C.16,2421(1983).
25. F.Chekir, C.Barret and A.Vapaille, J. Appl. Phys.54{11),6474(1983).
26, F.Chekir, G.L.Lu and C.Barret, Seclid-St. Evactron.29,519(1986).
27. W.Ploten,H.J.Schmutzlar, D.Koh!, K.A.Brauchle and K.Wolter.J.App.Phys.,
64(1), 218 (1988}.
28. E.H.Pointexter,G.J.Gerardy M.E.Rueckel,P.J.Caplan,N.M.Johnson,D.K Biegelsen
J.Apli.Phys.56(10},15{(1984).
29, E.H.Rhoderick, Melal Semiconductor. Conlacts, Oxford Unlvarsny Press,
p.86(1978).
30. A.Ziel, Solid State Physical Electronics, 2 nd Edn. New Jersay,p.269(1968).
31.P.K.Vasudev,B.L.Malles,E.Pietras and R.H.Bube,Solid-St.Electron.19,557
{(1978).
32.F.8.Juang and Y.K.Su, Solid-S1.Electron.32(8),661{1989).
33. L.Malacky,P.Kordos andJ .Novak, Solid-St.Electron.33(2), 273(1590).
34. S.K.Chaung and N.W.Cheung, Apll.Phys.Let1.49,85(1986).
35. E.Rhoderick, J.Phys.D.3,1153{1870).
36. C.R.Crowsl and S.M.Sze, Solid-St.Elactron.9,1035(1568).
37.A.Sing, Solid-St. Electron. 26(8), 815(1983).
38. E.H.Nicollian and A.Goelzberger, Bell.Syst.Tech.J.46,1055(1967).
39. R.Castagne and A.Vapaille, Surf.Sci.28,157(1971).
. 40.S.Kar and W.E. Dhalke, Solid-St. Electron.15, 221, (1972).
41.S.Kar and W.E. Dhalke, Solid-St. Electron.15, 869, {1972).
42.S.J.Fonash, J.Apll.Phys.54,1966(1983).

1361



	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf
	8.pdf
	9.pdf
	10.pdf
	11.pdf
	12.pdf

