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. TUNMELINS IN SCHOTTKY-ZARRIER METAL-SEMICONDUCTOR JUNCTIONS
DURING PLASMA REFLECTION OF LASER LIGHT

. . . . .
S.D.Banichev , K.Yu.Bluch , I.N.Kotel’nikov*, Nng.Mordovets*,
AR.Ya.Bhul’man , and I.D.Yaroshetskii

'Institute of Radiocengineering and Electronics, USSR Acad. of the 5ci.
Moscow, G5P-3, 103907
R F.loffe Physzcotechnlcal Institute, USSR Acad. of the Sci.
Leningrad, 174021
USSR

The change in n-GaAs/Au tunnel junction resistance
caused by pulsed laser radiation under plasma ref-
lection conditions was experimentally investigated
and theoretically analysed.

1. INTRODUCTION

The Schottky potential barrier at a metal-senicandu:tor funnel junc-
tion results from the self-consistent distribution of electrons of the
semiconductor in the electric field of ionized impurities and of charge
in surface states at the semiconductor-metal interface. The tunnel cur-
rent in such a system can be largely affected by a change in the
potential barrjer shape [1,2)., When an electromagnetic wave is incident
ontu the tunnel junction at uavelengths in the plasaa reflection region
of thg semiconductor, an additional force ariseé and acts on the

electron subsystem of the semiconductor as a result of the reflection of

~ the radiation. Thus the Schottky self-consistent potential barrier is

distorted, and the junction resistance is changed [3,3: {(see Fig.1).
2. SAMPLES AND EXPERIMENTAL TECHNIQUES

The GaAs/Au tunnel junctions obtained under vacuum conditions about

lo—loTorr by evaporatinq the metal onto the cleaned surface of n- and p-

type GaAs wafers (free carrier densities (2*7)”018 m-3) were investi-
gated., Reflectance spectra of n-BaAs wafers showed the sharp plasma mi-
niasum at the corresponding wavelengths x s but in p-Gafis spectra the
plasma minimum was absent . The thlckness of the sem:transparent gold
electrodes was about 200 5, and their diameter was 1 or .25 anm. Ana‘ysxs

of the tunnel spectra at liquid helium temperatures showed that the

charge transfer from GaAs into Au is by the tunneling mechanism [2].

To realize conditions when the plasma reflection was present or not
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for the same n-GaAs sanmple, discréte' laser lines in the range of 10+400
' IT pmn were used in the stu-
dy of the photoresponse.

' ¢ Radiation sources used
n-type S

‘gemiconductor were CO_-lasers (8-switch,

metal 2
duration tiame T 300 ns;
TEA, ‘ra:.xkl()o ns) in the
range of 9.2+10.8 pm and
the optically pumped by

Fermi— he TEA CO,-laser submil-
level 2

limeter NHs-ur Dzﬁ-laser

) prad providing lines at wave-

- J;é lengths 90,55 or 385 un
(Td-_\.-AO-:—lOOns) {33,

Fig. 1. Draft of the scalar potential Both the photo-eaf and

in the Schottky depletion layer with

(solid) and without (dashed) radiation. the photoresistivity

2ffect of BaAs/Au tunnel
structures were studied at T=300 and 78 ¥. The radiation was noramally
direﬁted pnto the sample surface frosm the side of the semitransparen{
guid electrode. The saaple was set into the phbtoéonductivity measuring
circuit. In this case the change Ao in the junction conductivity e=I #
during the laser pulse has‘led to the change AVL in the voltage VL
applied to the load resistance RL. For small signal, the AVL is related
with Ag/o under short-circuit conditions by the formula
’ Aola = &V IV, %1 + B /R | tn
where Rd is the differential resistance of the junction.
The shape and the intensity of the laser pulse were always monitored

by means of the fast photon dfag detector (&1,
3. EXPERIMENTAL RESULTS AND COMPARISONS WITH THE THEORY

At wavelengths A = 90.55 and 385 ua (k)xp) two types of photoresponse

have been found in n-BaAs/Au junctions: the fast photoresistive response

~due to an irradiation-induced chanée in the resistance of the junction

and the photo-eamf. The former reproduces the shape of the laser pulse,
and the latter, on the contrary, does not.The sign of tha photoresistive

response carresponds to a decrease in the junction resistance, and the

"magnitudes of the response are roughly equal at both the wavelengths. In
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the absence of the plasma reflection conditions only a slow (30+300us)
photothermal response was observed both in p-GaAs junctions at all

wavelengths used and in n-GaAs in the 10-pa range.

The dependence of (Ao/o)/J on the bias voltage V is shown with circ- "

les in Fig.2 (T=300 K, A=90.55 un, _k=(30+50)kH/c92) for the one of

_ n-GaAs/Au tunnel juncti-
é_g. '(1'2 0 ons. Here J is the power
Y density of the incident

radiation in-kwlcn2 and

1
J

the V>0 corresponds to
the electron tunneling
from GaRs to Au. The de-
pendence showed in Fig,2
.0.4'10-4 keeps its form within the
: experimental errors at
others T and h)Kp {i.e.
T=78 K or A=385 um). This
-600m _"300 0 4 4 360 ‘v oy dependence is almost n.m-
- effected by free carrier

Fig. 2 caoncentrations, too.

To estimate theo(etically the Schottky barrier distortion due to the
appearance of the ponderomotive forces, acting on the &ree'carrier plas~-
aa of semiconductor from the electromagnetic field of the radiation, we
have solved the kinetic equation for electrons and Maxwell equations for
scalar and vector potentials. The expression thus obtained for tpe chan-
ge AD(E,V) in the barrier tunnel transparency D(E V) at the electron
energy £Zu and at the applied bias V has the fora

% o kp L E}q—:;i' WLE,V)

' (2)
where

¥, - F + /8- (27514 §.- L )
¢(E,V)=ln’/b v % } b

. (3
. Y 2/ p . L SIRETEL

Hera h;.is Ferai wavevector of the electrans, L = x&slv(2an2) is
parabolic barrier length, §b= §S+u-eV, ﬁs is the barrier height measured

froom Fermi level of the metal (see Fig.t1), |E|2/4ﬂ is the energy density
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of the incident electromagnetic wave.

The Equ.(2) shows the increase in barrier transparency caused by the
radiation, the independence qf the response on the radiation frequency,
and weak dependence of the response on the bulk free carrier density N
hx llhglb). To estimate theo}etically the dependence of the response
Ao/o on fhe bias V we assumed {(Ac/o) « {(AD/D) and calculated Equ. (3) at ’
the energy £=u in the case of the positive bias V>0 or at Esu-eV ifor the
negative bias V<0, i.e; at the Fermi level of the semiconductor ar the
metal, respectively. The result is drawn in Fig.2 with solid line and
shows an acceptable coincidence:uith the experimental points.

The alternating-sign nature of the response at ¥=0 and significant

-changes in.the shape and the amplitude of the signal from pulse to pulse
which are observed in this casé are explained on the basis of a phenonme~
nological approach as manifestation of a time-dependent photo-est, re-
sulting from 2 redistribution of the charge between the metal and the
semicunductor due to changing the capacitance of the aepletion laye;.
Anal&sis of this effect shows that the shape and the height of the pulse
of the time-de.endent photo-emf should-depenﬁ sirongly bn ihe reiations
among the RC time of the circuit, the duratiaon of the radiation pulse,
the small departures of the bias from zero, and the rise and decay tises
of ‘this pulse - in accordance with the experimental observations.

Thus,Equs. {2)~-{3) describe all the qualifative features of the cb-.

sQrveQ effect, In'particular, the tunnel transparency increase is exp-
lained by the decrease in the depletion layer thickness due to the nega-

tive charge transfer from surface states into the quasineutral region of
the semiconductor, and the same phenonenon is the cause of the change in

the capacitance. . 0
‘4, REFERENCES

[11 A.Ya.Shul‘man and V.V.Zaitsev, Solid State Comaun. 18, 1623 (1976)
{21 I.N.Kotel’ leDV, I.L.Beinikhes, and A.Ya.Shul 'man, Fiz.Tverd.Tela
{Leningrad) 27,401 (1985) [Sov.Phys.Solid State 27,244 (198531
[31 1.N.Kotel'nikov, N.A.Mordovets, and A.Ya,Shul’ man, Conf.Dig.of

IX Int.Conf.lREMM Waves, Japan, Takarazuka, p.137 (1984)
{41 5.D,Banichev, I.N.Kotel 'nikov, N.A.Mordovets, f.Ya,Shul "'man, and
I.D.Yaroshetskii, Pis’'ma Zh.Eksp.Teor.Fiz. 44, 234 (1988) '
[5) S5.D.Ganichav, S.L.Emel yanov, and I.D. Yaroshetskl', Fig'ma
Ih.Eksp.Teor.Fiz. I3, 297 (1982) [Sov,JETP Lett. l&, 368 (198211
{43 S.D.Banichev, Ya.A. ;erent ev, and I.D. Yaroshetskxx, Pis'ma
’ Ih.Tehn.Fiz. 11, 4& (1985) [Sov.Tech.Phys.Lett. 11, 20 (1988)1




19th International Conference on

THE PHYSICS OF
'SEMICONDUCTORS

VOLUME 1

Warsaw, Poland
August 15-19, 1988

EDITOR: W. ZAWADZKI

Institute of Physics
- Polish Academy of Sciences




