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Explored the structures based on the ZnSe single crystal with a semitransparent layer of
chromium. The current-voltage and capacitance-voltage characteristics of the structures indicate
that Cr-ZnSe contact is a lock and close in its properties to the Schottky barrier. The calculated
equilibrium barrier height is 1.22 eV. In the structures in the reverse biased direction to the
detected occurrence of photosensitivity wavelength region of the spectrum up to 230 nm
wavelength. This is due to the deterioration of conditions for the recombination of photoexited
carriers in fast recombination centers in a strong electric field in the surface region of the reverse
bias pin barrier. Calculated from critical frequency of the photocurrent spectrum contact barrier
height value of 1.18 eV goes with the results obtained from the C-V characteristics.

1. INTRODUCTION

In recent years, especially acute problem of reception
and quantifying ultraviolet (UV) radiation. One of the
most promising types of UV photodiode receivers is the
Schottky barrier. Surface potential barrier provides
effective separation of charge carriers born in this area
as a result of absorption of energy quantums
significantly larger than band gap. For the manufacture
of such detectors wide semiconductor compounds are
used mainly [1, 2].

The literature contains information about the photo
detectors based on the contact Ni-ZnSe [3, 4], having a
sufficiently high sensitivity in the range of 0,25-0,5
microns. Other possible metals suitable for the
manufacture of zinc selenide with a Schottky barrier
may be an element of the same group of the periodic
table - chromium. Optical characteristics of the
semitransparent film of chromium in the aforementioned
spectral region is not worse than the thin films of nickel.
The films show good adhesion of chromium to the

surface of the zinc selenide crystal. However, increasing
the work function of chromium (4,6 eV) than that of
nickel (4,4 eV) allows us to expect that the potential
barrier in contact Cr-ZnSe is higher than in contact Ni-
ZnSe. This should yield higher intensity of the internal
electric field in the surface region of the contact barrier
and, finally, lead to increased photosensitivity of
photodetector in the near UV - spectrum [5]. In this
paper, on the chemically polished surface of low-resis-
tivity single crystals of zinc selenide were deposited
translucent chromium films. Purpose of the research was
to determine the parameters of the contact barrier Cr-
ZnSe, the study of its electrical and spectral
characteristics and finding the possibility of using such a
structure as a photodetector in the near-UV - spectrum.

2. EXPERIMENT AND DISCUSSION

Figure 1 shows the current-voltage characteristics of
the structure of Cr-ZnSe, measured at opposite polarities
of bias. As can be seen, the
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contact shows rectifying properties (rectification ratio at
0,8 V voltage reaches 10°). This indicates that in the Cr-
ZnSe contact exists a sufficiently high potential barrier.
Under reverse bias (Fig. 1, curve 2) current-voltage
characteristic obeys to dependency | ~ VY2, which is
typical for “thick” Schottky barrier.
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Fig. 1. The current-voltage characteristics of
the Cr-ZnSe contact, measured by direct (1)
and reverse (2) bias.

With direct polarity of the applied bias (Fig. 1, curve
1) current-voltage characteristic is described by I~exp
(e-V/B-k-T), as evidenced by its straightening in
coordinates Inl = V.

B ideality factor was p =1,47. The obtained value of
B, significantly greater than one, allows to conclude that
in Cr-ZnSe contact a thin oxide layer is present, as well
as a sufficiently high density of surface states.

Figure 2 (curve 1) shows the capacitance- voltage
characteristics of the test contact. Curve 2 shows the
dependency C-V, built in the coordinates (S/C)*-V,
typical for the Schottky barrier [6]. Extrapolation of this
dependence on the voltage axis (Fig. 2, curve 2) allows
to determine the equilibrium height of ¢ barrier for
electrons from the semiconductor. It is equal to ¢ =
0,98 eV.

Using the numerical value of the capacitance at zero
bias (Fig. 2, curve 1) was estimated the equilibrium

2) allowed to calculate the equilibrium of concentration
of free electrons in the ZnSe crystal (ng~l,2*10" cm™)
and the energy separation of the equilibrium of Fermi
level from the bottom of the conduction band in the
semiconductor (E/=0,24 eV). In the calculations for zinc
selenide were accepted the values of the relative
permittivity ¢ = 9,1 and electron mobility p, = 500
cm?/V-s.
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Fig. 2. Capacitance-voltage characteristics of
Cr-ZnSe contact.

Point values of E; and ¢ allowed us to construct the
energy diagram of the Cr-ZnSe test contact, which in the
absence of applied bias is shown schematically in Fig. 3.
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Fig. 3. Energy diagram of the Cr-ZnSe contact
balance.

Figure 4 represents the spectral characteristics

of

barrier thickness (L ~ 2,8 pm). The numerical value of photocurrent at different bias conditions of the structure.
' Curve 1 (Fig. 4) shows the photocurrent spectrum in direct

the slope of the curve 2 (Fig.

applied voltage V=+1V,



i. e.in an environment where the potential barrier ®
is practically “smoothed”. Therefore, the curve 1
actually reflects the spectral photosensitivity of the total
volume of the ZnSe crystal. Slump photosensitivity in
the wavelength region of the spectrum due to the fact
that the incident light rays with energies, greater than
the band gap, are absorbed in a thin surface layer of the
crystal, where is a high density of surface fast recombi-
nation centers. Depending on this, apart from its own
high photosensitivity (Ana = 460 nm), there are also two
bands of impurity photoconductivity. These are a mild
band with a maximum at a wavelength at Ay = 530 nm
and a broad band with a

maximum : ( ) nm. Nature of these bands
is known In 7 In'" ated with associative defects
(VZnAIZn)-
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Fig. 4. Spectral dependence of the photocur-
rent structure of Cr-ZnSe and a forward bias
V=+1 V (1) and a reverse bias V=-5V (2).

Curve 2 (Fig. 4) shows the photocurrent spectrum
measured under reverse bias contact V=-5V. A
significant  increase  in  photosensitivity  short
wavelengths up to wavelength A=~230 nm can be seen. It
is due to the fact that the surface in the excited electrons
of the semiconductor layer under the influence of the
field in the region of the barrier are moved from the
illuminated surface into the sample without time to
recombine with holes.

Maximum on the graph corresponds to transitions,
when the incident photon energy is close to the band
gap. Also on the schedule (curve 2) can

be seen a lingering long-wavelength tail, which can be
explained by the photoemission of electrons from the
metal. If the energy of the incident quantum is not less
than the height of the barrier, the electrons to overcome
barriers contribute to the photocurrent, leading to an
increase in the photocurrent. If the quantum energy is
less than the height of the potential barrier, the electrons
are no longer able to overcome it and the photocurrent

decreases, which explains the long-wave- length limit.
According to the Fowler formula [7], a long
wavelengths photocurrent under reversebias can be

1
transformed into coordinatesin Iw/z- (hv) which this

dependence should rectify (Fig. 5). By extrapolating the
resulting line on the energy axis the height of the barrier
from the metal ¢,” can be determined. It proved to
beeV, which

goes well with the results obtained from the energy

diagram (Fig. 3) ¢, = 1,22 eV.
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Fig. 5. Long wavelengths photocurrent under
reverse bias V =-5 V, built in coordinates lrm-
(hv).

3. CONCLUSIONS

The results show that the locking contact Cr- ZnSe
shows sufficient photosensitivity in spectral region of
wavelengths A>0,23 microns. It can be used in the
development of radiation detectors in the near-UV
region of the spectrum.
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Abstract

Explored the structures based on the ZnSe single crystal with a semitransparent layer of
chromium. The current-voltage and capacitance-voltage characteristics of the structures
indicate that Cr- ZnSe contact is a lock and close in its properties to the Schottky barrier.
The calculated equilibrium barrier height is 1.22 eV. In the structures in the reverse biased
direction to the detected occurrence of photosensitivity wavelength region of the spectrum
up to 230 nm wavelength. This is due to the deterioration of conditions for the
recombination of photoexited carriers in fast recombination centers in a strong electric
field in the surface region of the reverse bias pin barrier. Calculated from critical frequency
of the photocurrent spectrum contact barrier height value of 1.18 eV goes with the results
obtained from the C-V characteristics.
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DOOTOEJIEKTPUYHI BJJACTUBOCTI CTPYKTYP Cr-ZnSe 3 BAP’€EPOM IIOTTKHU

Pe3rome
JlocTiKeHO CTPYKTYpH Ha OCHOBI MOHOKPHUCTATIB ZNSE 3 HAIMIBIIPO30pHUM IIapoM XpoMy. BombT-
aMIIepHi Ta BOJbT-(hapaaHi XapaKTepUCTUKH CTPYKTYpP CBiI4aTh, mo KOHTAKT Cr-ZnSe e 3amipHuM Ta
OJIM3BKHUM 3a CBOIMU BilacTUBOCTSIMH 10 Oap’epy LllorTku. Po3paxoBana piBHOBa)kHa BHCOTa Oap’epy
cknamae 1,22 eB. B cTpykTypax, 3MIOIEHHX Yy 3BOPOTHbOMY HANpPSMKY, BHSBICHO BHHUKHEHHS
(GOTOUYTIIMBOCTI B KOPOTKOXBWJIBOBIM 00JacTi crekTpy ax g0 goxkwaM xBmwii 230 mm. lle
3YMOBJICHO TIOTIpIICHHSM YMOB Jisi pekomOiHarii ¢oro30ymkeHnX HOCIiB Ha IEHTpaxX MBHIKOL
pekoMOiHalil B CUIBHOMY €JIEKTPUYHOMY IOJi Yy NPUIIOBEPXHEBOMY IIapi 3BOPOTHHO 3MIIIEHOTO
KOHTaKTHOTO Oap’epy. Po3paxoBaHe i3 TOBroXBHJIBOBOT MEXi CIIEKTPY POTOCTPYMY 3HAUCHHS BUCOTH
KOHTakTHOro ©Oap’epy 1,18eB nobpe y3romkyerbcs 3 pesyinbraramu, oTrpumanumu i3 C-V
XapaKTePUCTHK.
Kurouosi cioBa: 6ap ’ep llortku, Y ®-npuitmay, GoTOUYTIHUBICTh, HEHTPU MIBUAKOT pEKOMOIHALII].

PACS: 73.20.Hb, 73.25.+1; UDC 621.315.592
A. Il. Yebanenko, A. 3. Cmynax

®OTODJIEKTPUYECKHUE CBOMCTBA CTPYKTYP Cr-ZnSe C BAPBEPOM IIOTTKH

Pe3rome

HccnenoBanbl CTPYKTYpBl HAC OCHOBE MOHOKPHUCTAIIOB ZNSE C MOJYMPO3payHbIM CIOEM XpOMa.
Bonbr-amniepHbie U BONbT-(hapagHble XapaKTEPUCTHKU CTPYKTYP CBHUACTEIBCTBYIOT, 4TO KOHTAKT Cr-
ZnSe sBNsieTCSl 3aMOPHBIM W OJU3KHM IO CBOMM cBoiicTBaM K Oapwepy LlorTtku. Paccumrannas
paBHOBecHasi BbIcoTa Oapbepa cocrtaBiser 1,22 sB. B cTpykTypax, CMEIIEHHBIX B OOpaTHOM
HalpaBJeHUU, OOHAPYKEHO TMOsBIEHUE (OTOUYBCTBUTEIBHOCTH B KOPOTKOBOJIHOBOW 00JsacTu
CHEKTpa BIUIOTh 10 JJIMHBI BOJHBI 230 HM. DTO CBS3aHO € YXYILIEHUEM YCJIOBHUH sl peKOMOMHAIIUN
(0oTOBO30YKIEHHBIX HOCHUTENEH Ha IEHTpaX ObICTPOH PEKOMOMHALMHM B CHJIBHOM 3JEKTPUYECKOM
1oJie B MPUIOBEPXHOCTHON 00IaCTH 0OpaTHO CMELIEHHOTO KOHTAaKTHOro 6aprepa. Paccuurannoe u3
JUIMHHOBOJIHOBOM TpaHULbl CIEKTpa (OTOTOKAa 3HAUYEHHE BBICOTHI KOHTakTHoro Oapwepa 1,18 »B
XOPOIIO COTIACYETCs C pe3yabTaTaMHu, MONTy4eHHbBIMU 13 C-V XapaKTepUCTHK.

KiroueBbie cioBa: 6apoep lotTku, Y ®-npueMHuK, POTOUYBCTBUTEIBHOCTD, LIEHTPHI OBICTPOMH
pPEeKOMOWHAIIAH.
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