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The point fast uncooled detector for FIR laser radiation is proposed.
Its operation is based on the new physical effect which consists in
tunneling stimulation during plasma reflection of the laser light in the
Schottky-barrier tunnel Junction.

1. GENERQLKCDNSiDERATIDNS. J

The optical pumﬁed pul;ed sugmillimeﬁer gas lasers are widely ‘
applied at present [11. One of the problems arising in develapments énd
applications of such lasers is the‘investigations of fhe space—time
structure of Ehe laser beamvwiﬁﬁ its cross—-section and time duration
being of order a 'few millimeters and nanoseconds, respectively. It
reguires the single or matrix fast photodetectors of submillimeter
radiation with the high space resoclution. There are difficulties in
application of the kpcwn fast photodeétors based on the hot-carrier
p—photoconductiyity £23, the photon—-drag e%fects [3,4]1 and
pyroelectricity for measurements of the space distribution of the pu}sé
radiation intensit& in the narrow laser beams because of the large sizes
of resulting pixels (typical_diémgters aré a few millimeters or more).

It will be now described thefpoint'fast photodetector of the
submillimetér_la;er radiation. Thé Dpération of this detector is based
on the change iq‘the resi;tance of thé Schottky—barrier
metal—semicpndp&tor tunnel Jjunction d§ring the plasma reflection of the
laser radiation at free carriers in tﬁe semiconductor [5-71.

The pqiht is that the Schott@y potential barrier at a
metal-semiconductor tunnel junction results from the self-consistent
distribution of electrons in the gemi;onductor in the electric field of
ionized impqrities and tﬁe charge‘in surface states at the
semiconductor-metal inter*ace.‘The tuﬂnel current in such ; system can
be largely- affected by the sﬁ;ce redistribution of free charge carriers
in the depletion layer due to a thange in the potential barrier shape.
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£8,%1. When an electrc%agnetic wave rs&inkident onto the tunnel junction
at wavelengths in the plasma reflectioﬁ région of thé semiconductor, an
additional ponderomotive force arises and acts on the electron subsystem
of the semiconductor as a result of the reflection of thé‘radiatinn.Thus
the Schottky self-consistent potentialqbarrier is distorted, and the

junction resistancé is changed (see Fiq%l);
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Fig.1l. Draft of the scalar potential
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in the Schottky depletion layer with
(solid) and without (dashed) radiation ' Fig. 2

In considered case the physical limiﬁétions on the response rise time
result from the speed of the ncn—equiliﬁrium charge redistribution among
the mEﬁa1 electrode and the semiconductér depletion layer and are
determined by the parameter RC, where R is the resistance and € is thel
capacity of the junction. For n—GaAs/Auﬁjunction the response time can
be attained of order 10_9+10—11-5 with the junction diameter and doping
reasonable elected. Such an Dpefating sﬁeedJ the sizeable magnitude of
the response [6,7?, and also the possibflities of the modern technology
in making the junctions with small d;ameteri(up to a few microns) and a

-matrix of the junctions call forth our interesn in the analysis of the

Schottky—barrier~tunnel“junction as ‘photodetector in the submillimeter

range.
2. SAMFLES,; EXPERIMENTAL TECHNIGQUES AND RESULTS

The. detectors we were investigated were asade of the.n~GaA5/Au tunnel
junctions obtained under ultra-high vacuum conditions by evaporating the

matal onto the cleaned $ur§ace.u£ n—type Gads wafers (free carrier
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densities (2=77'101gcm the plazma reflectdon minimum wavelengths

A = 20-11 um). The'thitkness of the Semitrahsparent gold electrouoes was
about 200 &, and their diameter was Tjmm (Fig.2). The used radiation
source was the submxlllmeter NH or D e Iaser optically pumped by TEA
COz—laser prDvxdlng 11nes at the wavelenths A= 90.53 or 385 um with the
pulse duration txme '30 ns [101.

The 1nVE§t1gagzom of detector performance was carried out in the
usual photoconduc%ivity arrangement (Fig.2). The observed response times
of the detectors wére restricted by amplifier bandwidth and were less
than S ns. Under thp plasma reflectxnn conditions A)Ap the fast response
of the photoresxstxve type is found that reproduces the shape of the
submillimeter laser pulse. The detector responsivity is roughly
independent an the,radxat1on wavelength and is about 10 —i V/kW with bias

voaltage being order éf_STS V and load resistanse RL=SO 1+
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Fig. 3 : Fig. 4

The 51gn of the photores15t1ve response corresponds to a decrease
hn the tunnel junction resistance, 1fef the stimulation of the tunnel
current takes place. In Fig.3 the rela{ive change in the junction
conductance Aa/d reduced to the radxatxon 1ntensxty J in Pmlcm21s shown
as a function of the bxas voltage. In Fxg 3 the positive bias voltage
corresponds the electrnn tunnel1ng ¥rom GaAs to Au and the radlatlon‘
iritensity is J_30 KW/ e, : 157 ; i
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The dependence of the response on the radiatﬁon intensity J was

studied in the region from 10 to 2-103 RW/cm2, and the weak nonlinearity

i

like JI’S was observed. :

To investigate the coordinate sensitivity of,the detector, the scan
of the focused laser beam was carried out across the gold electrode. The
diamgter of the focal spot was about 0.7 mm. The result is shown in
Fig.4. It is seen that the response drops quic@ly as the irradiated
domain leaves the range of the gold electrode.’This measurements are top
rough, to provide the limit space resolutioﬁ when the detector willi be

scanned across the laser beam. However, the obtained results are

already interesting from the practical point of view.
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