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Spectral characteristics of photovoitaic effect have been investigated in (HjSi-tpjZn^As^ heterojunctions at 300 K. A mechanism 
o f  carriers excitation and a probabie band mode) of heterojunction explaining the effects obtained have been proposed.

1. Introduction

The interest in semiconductor heterojunctions has 
grown considerably in the recent years. Such junctions 
may be applied as e.g. infrared sensitive image tubes 
(see e.g. [1, 2]) and semiconductor injection lasers [3].

Investigation on optical properties of hetero
junctions, photoelectric properties included, provides 
essential information about their band model. Both 
the preparation and electric properties of 
(w)Si-(f;)Zn3As2 heterojunctions have been described 
earlier in [4, 5].

In the present paper results of investigations on 
photovoltaic effect occurring on these heterojunctions, 
and the probable band model of heterojunction have 
been presented.

2. Experimental part

Si-ZngAs2 heterojunctions have been obtained 
by vacuum evaporation of a thin layer of ZngAs2 

on monocrystalline silicone plate, in the way descri
bed in details in [4]. Spectral characteristics of photo
voltaic effect have been measured in a standard system 
with a Zeiss monochromator, described e.g. in [6]. 
Resolving power of the system was not lower than 
0.02 eV. Schematic representation of the examined 
structure of the heterojunction is given in fig. 1. The 
measurements of the photovoltaic effect have been 
performed in two variants: for radiation incident 
onto the ZngAs2 layer (about 0.5 ¡am thick), and that 
incident from the side of Si layer (about 0.5 mm thick).
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Fig. 1. Schematic set-up for the 
measurement of photovoltaic effect in 

Si-ZniAs^ heterojunction

3. Discussion of results

The examples of the results of measurements are 
presented in fig. 2a, b in the form of a dependence of 
normalized photoresponse on the energy of the fall
ing photons. As it may be easily seen, they differ 
remarkably, depending upon the way in which the 
heterojunction was illuminated. To explain these 
differences and the character of the spectrum the dis
tribution of photons flux responsible for this effect 
should be analyzed.

3.1. Photons incident onto the Zn^ASz

If we denote the flux of photons by /„/Av, then 
the flux penetrating into the layer will be ( I—T?,)/,,//"*, 
where A, =  0.3-0.4 is the reflectivity from the 
Zn,As2 surface, given by the dispersion curve [7]. 
Due to absorption in the Zn3As2 layer the ffux ent
ering the heterojunction region is (1—7?,)./o//iy 
exp(—H, <7,), where denotes the thickness of the 
Zn3As2 layer, and a , is its absorption coefficient 
for the given photon energy. The value of a , near 
the absorption edge is of the order of 1CP cm"* [8], 
hence, the exponent factor in the spectral range of
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Fig. 2. Spectra] characteristics o f the heterojunctions examined
a)iMumination incident onto the Zn3Af2;b)iiiutnination incident onto the Si, in form o f a dependence o f normaiized photovoitage f . / , v e r s u s

the energy o f  incident photons

our interest is J , =  5. On the Zn^As^—Si interface 
the photons are additionaiiy reHected from the Si 
surface, where reftectivity is thus oniy a neglig- 
eabie part (1 —-RJ (1— exp(—ai  t?i), amount
ing to about 0.1%, of the incident dux of photons 
with the energy br =  enters the heterojunction in 
Si region. Schematic run of radiation, and energy 
distribution of photons are shown in fig. 3 a, b. In case 
of photons incident onto the ZnaAs2 (hg. 3a) the 
part of them, for which bv >  , will be absorbed
in thin iayer at the surface of Zn3As2 (mechanism 
<2 in ñg. 3a). They, however, will not contribute to 
the signal of photoresponse, because of small difu
sión length*. On the other hand, the photons absor
bed near the Si-ZnaAs2 interface, at the distance not 
exceeding the carrier diffusion length in ZngAs2 

(mechanism b in hg. 3a), and photons absorbed 
within the junction region (mechanism c in hg. 3a)

*) The measurement results of both lifetime and diffusion 
length o f carriers in thin Zn^ASi layer will be published 
elsewhere.

Z/7j / Is?
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Fig. 3. Schematic distribution of incident photons and 
the mechanisms o f carriers excitations

will contribute to the signal measured. Nevertheless, 
the number of free electron-hole pairs, generated 
according to the mechanisms b and c is not great, 
due to a strong absorption in the Zn3As2 layer (see 
above). That part of radiation (with energy bv =  b%) 
which will leave the Zn3As2 region passes not ab
sorbed by the Si region (since >  b%).

Summing up, the photovoltaic effect in Si-Zn3As2 

heterojunction, illuminated according to the variant 
shown in fig. 3a, is due to this part of total flux of 
photons with the energy bv ^  E ^ , which enters the 
heterojunction region. It can be easily seen that for 
this way of illumination photoresponse will be selec-
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tive; photons of the energy Ar <  will pass "unob
served" by heterojunction, whereas the photons with 
the energy Ar >  wiii be absorbed intensiy being 
stiii at the surface of the layer. The photoresponse 
spectrum (Fig. 2a) is in conformity with these expex- 
tations.

Considering the dominance of direct transitions 
within the region of the absorption edge in thin 
Zn^As2 iayer [8], the number TV of free eiectron-hoie 
pairs (with a good approximation, proportionai to 
the absorption coefficient) wili depend on square root 
of the energy of incident photons

TV — a — ( A r - Æ , ) ^ .  ( 1)

Thus, normalized photovoitage (for a iow inten
sity of the incident radiation*) wiil be also propor
tional to (Ar)*^

(2)
A)

The relation

for heterojunction illuminated from the side of 
Zn^Asz is shown in fig. 4a. The values of energy gap 
for thin layers of Zn^As^ estimated from optical [8] 
and electric [9] measurements are also marked in 
this figure. As it may be seen from fig. 4a the photo
effect threshold is in a fairly good agreement with 
the values of Zn3As2 energy gap (see also section 4. 
Final remarks), which confirms the analysis of the 
phenomenon investigated.

3.2. Photons incident onto the Si

This variant of heterojunction illumination is 
shown in fig. 3b. By the same way of reasoning, as 
in section 3.1, it may be easily shown that the hetero
junction region is reached by photons with the energy 
A v  <  E p 2 , the flux intensity being practically not 
reduced. On the other hand, within the heterojunction 
region and along the whole thickness of the ZngAs2 

layer the photons with the energy A r  will be
strongly absorbed (mechanisms A  and c  in fig. 3b). 
Photons with energies A v  <  A ^ , like in former case, 
will pass unabsorbed, thus they will not contribute to 
the photoeffect measured. Photons with the energy 
A v  ^  TE^2 will be absorbed within the whole volume 
of Si, mostly at its surface (the factor

T o / A v e x p ( — c t 2 % . )

*) This condition is weii satisfied in standard monochro
mators, but shouid be thoroughiy analyzed if the laser applied 
produces a beam of high energy density.

Fig. 4
a) versus energy o f photons incident onto the Zn3AS2 plate:
b) (Upi'(/n'//o))'/2 versus energy o f photons incident onto the Si iayer
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quickly decreases with the thickness of Si piate). 
Because of the great diffusion length of the excess 
carriers in Si (of the order of the thickness of the mea
sured Si piates [fO]) they wili diffuse into the region 
of heterojunction barrier, thus contributing to the 
photovoltage measured.

Thus, it should be expected (at the illumination 
from the Si side), that in this case the spectral charac
teristics will be more diffused than for the case dis
cussed in 3.1. This diffusion will be due to superposi
tion of the effects resulting from photoexcitation of 
carriers in Zn^ As  ̂ region (for ^  E^,), in hetero
junction region (for E^ <  /:v <  E^), as well as in 
Si region, both within its volume and at the surface 
(for Av ^  E^)-

In case of Zn^As2 the transitions are directed 
and the relations (1) and (2) ar^ true, while in silicon 
the optical transitions are indirect, with absorption 
or emission of phonon of the energy E^, for which

C ^ ,( / ,y - ^ ^ Ą ,) 2 .  (3)

Thus, in this case normalized photoresponse will 
be proportional to the square of photons energy

(4)

The relation 

/

for heterojunctions shown in fig. 4a, illuminatedTrom 
the Si side, is presented in fig. 4b. In this same figure 
the value of energy gap of Si, E ^  =  1.12 eV (at 300 K.) 
is also merked. It follows from this figure that the 
spectral characteristics is in a qualitative agreement 
with our expectations.

3.3. Proposition of heterojunction band model

The position of low energy longwave length edge 
of photovoltaic effect determined experimentally is 
of an essential importance for the identification of 
band model of the examined heterojunctions. For both 
the variants of illumination this position is similar, 
and occurs for the energy =  1.000—1.10 eV 
(see fig. 4a, b). This is particularly important in the 
case of illumination from the side of silicon, which 
is practically transparent for /?r <  E ^ . At such an 
illumination the photo-generation processes in semi
conductor with a narrower energy gap provide a dis
tinct or dominant cantribution to the photovoltage 
produced [11]. In this case longwave edge of the effect 
is determined chiefly by the transitions of electrons in 
Zn3As2 in the vicinity of the heterojunction interface.

Now we must explain the value of longwave 
edge the effect of which is somewhat higher than the 
value of energy gap in Zn^As2 (estimated from elec
tric measurements, E^ =  0.9 eV [9], and assumed for 
the model of heterojunction, proposed in papers 
[4, 5]), being however, close to the value of energy 
gap, estimated from optical measurements [8]. In the 
model from [4, 5] the value of the conduction band 
edge break has been also determined in boundary 
region, and denoted in fig. 5 as AF,., (AF„ =  0.18- 
0.2 eV at 300 K). The value of surface density of

pAotofm/jii'on proceMê

Fig. 5. Band model of Si-ZrhAs, heterojunction and 
mechanisms of carriers generation

energy states on the junction interface (dependent 
on the heterojunction technology) has been also deter
mined; it amounts to about 3x  t0*^ m"^ for the tech
nology generating the greatest density of these states 
[5]. For the technology applied in the present work 
the estimated density of the surface states is slightly 
lower than 10^ m

Thus, in the model of heterojunction, which is to 
explain the results obtained, the presence of inter
face states (lying in energy gap) should be taken into 
consideration. The model suggested is shown in 
fig. 5; the interface states lying on, and below the 
Fermi level are marked (surface states above Fermi 
level being empty their presence may be neglected in 
the analysis).

The position of longwave photoeffect edge can 
be now explained by means of two independent effects 
(see fig. 5):

1) electron-hole pair in Zn^As2 near the inter
face generated by the photon with the energy

Ar =  E,i +  A ^  (5)

and transition of electron over the barrier into the 
region of silicon;

2) photoexcitation of electron from surface state 
on the Fermi level by the photon with the energy

/iv =  E , i - ^ + A F „  (6)
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and transition of the electron over the barrier. The 
second effect seems to be iess probable, since it re
quires a simultaneous removal of the hole from this 
state, e.g. by photoexcitation, thermal emission or 
tunneling [11]. Nevertheless, while determining quan
titatively the position of the threshold the two values 
will be used.

The application of the value, estimated from 
optical measurements =  1.0 eV), to the descrip
tion on the mechanism 1) gives the value of photo
threshold Ar =  1.18-1.20 eV, which is distincly higher 
than that stated experimentally. A fairly good agre
ement is, however, obtained by inserting this value to 
the equation (6), since then Av =  0.93-0.95 eV. 
Analogically, the value estimated from electric measu
rements F ^  =  0.9 eV, inserted to the equation (5), 
is in a relatively good agreement with the experiment, 
Ar =  1.08-1.1 eV, whereas applied to the equation 
(6) it is lower, Af =  0.08-0.85 eV.

The influence of FRANZ-KELDYSH effect [12, 13] 
on the longwave-threshold value of the effect cannot 
be excluded either. Because of a great difference in 
impurities concentration practically the entire 0.6 ^m 
thick interface region (bending of the bands) falls to 
silicon. Thus within the barrier the value of electric 
held intensity will be equal to about lO^V/m [4], this 
value being sufficiently high for the occurrence of the 
Franz-Keldysh effect. Thus, there is a probability 
of the electron photoemission from Zn3 As2  valence 
band on the level lying in energy gap, and then its 
tunneling to silicon. Considering, however, the value 
of held intensity and barrier width in Si, it seems that 
this process will not contribute significantly to the 
photovoltage measured.

4. Final remarks

The heterojunctions examined have been illumi
nated from the Si and Zn^As2 sides. The differences 
of the obtained spectral characteristics can be explai
ned qualitatively by the mode presented schematically 
in hg. 3. Since — on the one hand — attenuation of 
radiation in Si is equal to or greater than in Zn$As2 

for extreme values of photons energy (for Av <  F ^  
<  F ^  we have cqr?, (ZngAs2) ^  0.1 =  c q ^ S i)  ^  0.1 
and for Av >  Fp2 >  F ^  we have a , ^  ^  10 <
=  500), and — on the other hand — the diffusion 
length of excess carriers in silicon is much longer than 
in Zn^As2 , hence a selective character of the photo
voltaic-effect curve for illumination from the side 
of Zn3 AS2 , as well as wind-band character of the curve, 
extended towards higher energy at the illumination 
from the side of Si, are quite understandable.

Of the two internal generation processes, presented 
in fig. 5, the process occurring in silicon contributes

significantly to the voltage measured, because of 
a relatively long diffusion lenght of excess carriers. 
This, as well as the possibility of the generation of 
electron-hole pairs by hot electrons (generated by 
photons with the energy Av >  F ^ ) explain broad photo
voltaic spectrum, extended up to the energy of 3 eV.

Summing up, because of a slight difference in the 
values of energy gap of the semiconductor used, 
and due to the existence of energy states of hetero
junction interface, it cannot be decided actually which 
of the two photoemission processes, shown in Hg. 5, 
prevails.

*
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Ф о т о в о л ь т а и т н ы й  с п е к т р  

в  г е т е р о с о е д и н е п и я х  8 1— Z n з A s 2

Исследовались спектральные характеристики фотоволь- 
таичного эффекта в гетеропереходах (л) 8[ =  (р)2 пзА$2 

в температуре 300 К. Предложили механизм эксцитации 
носителей, а также возможную зонную модель гетеро
соединения, объясняющую полученные результаты.
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