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ABSTRACT

Surface barrier diodes have been prepared by chemical deposition of
thin gold film on semples of '.’}a.As:L_xli‘x with x = 0.3. '"The spectrum of the
photo-response over a spectral range covering the photo-injection from the
metal and the intrinsie absorption regions of the semiconductor haa been
measured, From the photo-threshold correspoﬁding to each region, the height
of the energy barrier end the forbidden gap width of the semiconductor have
been determined and are found to be 0.96 e.v. and 1.78 e.v. respectively for

the investigated composition.’
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INTRODUCTION

The possibility of & wide variation of the basic properties
of mixed crystals by changing their compositional structure
ig an important advantage of these materials. The change of band structure
of the crystal considerably affects its optical snd photo-electrical properties.
Thus, devices sensitive to various ranges of electromagnetic spectrum can be

prepared by changing the compositional structure of mixed crystals.

The most well studied and attractive till now are GaAs, P mixed

crystals, Luminescent diodes with red radiations have .already been
industrially fabricated on their basis l).
The conduction band minima of Gads solid solutions have been

2)
barriers on their basis. It was found 2) that the forbidden gep of Gads, P
remaing a direct type for x § 0.38 whieh is in disagreement with the recent
value x g 0.46. 3)

l—xPx

studied by measuring the spectrum of the photo-response of Schottky

In the present work the spectrum of the photo-response of surface

barriers on samples of GaAs -xPx with x = 0.3 is studied with the aim of

1
measuring the forbidden gap width and the barrier height of this composition.

EXPERIMENTAL

Surface harriers vere prepared on n-type Gads single crystals

(n = 102

deposited on the polished and etched surface of the crystals by the method

P
-3 0.7 0.3
ecm -} grown by vapour phase epitaxy. Gold filme were chemically

described in Ref.l. Ohmic contacts to the semiconductor were achieved by

using a laser technique 5) .

The spectral distribution of the short circuit photo-current of the
barriers is taken by illuminating the metal side using & light powerful
diffraction grating monochromator type MDR-2 equipped with a 50-CPS chopping
system and nerrow band tuned amplifiers with synochronous detection

folloved by an automatic recording.

RESULTS AND DISCUSSION

The photo-current per ineident photon {Ip) was measured a3 & function
of photon energy {fiw) of the inecident monochromatie light. The spectrum is
illustrated in Fig.l and indicates that the response has two regions. The
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first region is where the photon energy is smaller than E_ the energy gap

of the semiconductor asnd the response is generally small. The photo-current
in this region is due tc the photo-emission of electrons from the metal into
the semiconductor over the barrier. The second region {starting with a sharp
increase), where the photon energy exceeds Eg is & region where the response
ias some orders higher than the first. In this case the photo-current is due

to the direct interband trasnsitions (I‘IS -+ I‘;) of current carriers in the semi-

Indeed the compositional structure of the samples used in this
2),3)

conﬂuctor.
study {x = 0.3) has & direct band structure , i.e. the absolute minimum
of the conauction band and the top of the valence band are locsted in the

game point (K = 0) of K space. Thus the direect optical transitions are

8llowed, by the wave vector selecticn rule, in the first order perturbation
.tl_'aeory and the absorption coefficient has a sharp increasing edge starting
at Hfuw = EB°

coefficient, then the spectrum of the photo-current mesy also sharply increasge

Since the photo-current increases by inereasing the absorption

at the beginning of the fundemental absorption as shown in Fig.l.

The spectral distribution of the short circuit photo-current may be
useful in determining the metal semiconductor barrier height ‘?B and the
forbidden gap width of the semiconductor. In the spectral region, where the
response ig due to the electrom emission from metal, the photo-current per

incident photon as a function of the photon energy is given by the Fowler

theory 6)
. 2 22 N ” le_z ) 21 . o3z ]]
P Ea - Nou 2 6 . ?

where Z = (By - @B)IkT, and - E is the sum of ?B and the Fermi energy
measured from the bottom of the metal conduction band.
that Es >> fiw and Z > 3, the last equation reduces to

Under the condition

2
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For (%w - ¥.) > =& XT = 3kT, we get
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Thus on plotting I;f'z agair ‘hiw  in the spectral region corresponding to. the
emission of electrons from metal, a straight line is obtained with & threshold
energy egual to 9B as illustrated by the left line in Fig.2. The experimental
value of ?B obtained from Fig.2 is 0.96 e.v. The abrupt increase in response
at higher photonenergy, that is represented by the right line in Fig.2, is due
to the interband direct optical tramsitions in the semiconductor. The phato-
threshold of this line may be taken as the forbidden energy gap E . 2) The
value of E_ for the investigated composition (x = ¢.3) is found to be equal

to 1.TB e.v.which is in good egreement with the data of Ref.3.
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FIGURE CAPTIONS

Fig.l Semilogaritmmic plot of the photo—current againmst the photan
energy (fw) for surface barrier junction on n-type GWG.TPOJ
mixed‘crystal.

. 1/2 <

Fig.2 {Photo-current) versus photon energy for surfaae barrier
on Ga.Aso.TPOA?).
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