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CHARACTERISTIC PECULIARITIES OF p-PbTe/n-PbgggTmge1 Te p-n TRANSITIONS
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On the basis of Phgg9Tmgg; Te single crystals and PbTe epitaxial layers the photoreceivers which are sensitive at 5-12 pm wavelength
band have been fabricated. Spectral, volt-ampere and volt-farad characteristics have been studied on multielement scales of photosensitive
structures. It was established that at 77 K product of differential resistivity at null dislocation and active area. RoA is equal to 10 ohm-cm?
(RoA=10 ohm-cm?). It has also determined that a main mechanism of current traverse is generation - recombination of charge carriers. The
concentration gradient of electroactivity centers in field of volumetric charge band is about ~ 0,54-10%* cm™, and therefore the generated p-n

transitions are abrupt.

1. Introduction.

PbTe and solid solutions on its basis have wide
application in semiconducting optoelectronics for creation of
photoreceivers and injection layers operating at 3-5 pm and
8-14 um wavelength band. Possibility of fabrication of
devices operating at such a spectra of range is conditioned by
alteration of the size of prohibited zone width, by way of
regulating the stechiometric compound, which affaires simple
to implement within the limit of homogeneity surfaces.
Consequently, solid solutions of Pb;,Tm,Te can be
exceedingly suitable for creation of photosensitive structures
with practically valuable parameters. The present information
contains results of investigations of some photoelectrical,
volt-ampere and volt-farad characteristics of infrared
emission receivers created by way of epitaxial build up of -
PbTe thin layers into n-Pby,Tm,Te single crystals.

2. Experimental.

Single crystals of n-Pb,.,Tm,Te solid solutions have been
grown by directed crystallization method and were used as a
substrate for preparation of photosensitive structures.
Mechanical processing was initially carried out, and after
cutting of single crystals in a (100) plane direction aimed to
removal of disturbed layers, their surfaces were treated with
chemical etching in 6 % Br, solution in HBr. Then Electro-
chemical polishing of the surface was provided in Norman
etching (H,O:KOH:glyserine and ethyl spirt=15ml:20g
35ml:20 g), with further removal of etching residues by deep
flushing in dionized water flow. With the help of a “hot wall”
method by using of two-phase lead and tellurium mixture (in
stechiometri ratio), PbTe films were grown on these
backings. To decrease concentration of self defects (eigen
defects) in condensed films and to enable the courtral over
charge carriers concentration in PbTe films, an additional
source of tellurium vapor was used [1] in the process of
growth. Thickness of grown pate epitaxial layer was within
the margin of 5 to 10 um. Scales of photosensitive elements
were formed with the help of photolithography’, but prior to
laying it onto the surface of films, metallic contact indium
layer was applied by thermal evaporation in vacuum of
prepared meza-structures formed 0,2 mm? and that of
bonding pad was 0,05 mm?. Gold wires of diameter. ~30 um
were joined to bonding pads by using of low-temperature

solder (T,4~333K) consisting of 50%
Br+25%Pb+12,5%Sn+12,5%Cd.

Volt-ampere and spectral characteristics of prepared p-n
transitions in temperature interval of 77-300 K were studied
as in [2]. Prepared structures were observed to have

rectifying characteristics even at ~300 K.

3. Results and Discussion.

Fig.1 demonstrates volt-ampere characteristics (VACh) of
p-PbTe/n-Pb,,Tm,Te diode structures at 77K. VACh
forward-bias region is qualitatively described by a function
I=lexp(eV/AKT). Based on temperature dependence
calculations £ coefficient of which is equal to 2. It testifies to
predominance of recombination constituent of electric
current. Substantial distinction of I~f (U) dependence is
existence at U>150 mV in reverse-bias region of a section
corresponding to tunnel break-through of p-n transition.
Mentioned section gradually disappears by increasing the
temperature. It is well known that in p-n transitions at 300 K
is diffusional. It is well known that in p-n transitions of
materials close in their contents to the materials preferred
with the help of a device described in present work,
considerable number of electroactive centers are refereed to
exist, and increase of their concentration gradients affects on
decrease of width of volumetric charge bend, and the
concentration value of charge carriers on the boundary of
volumetric charge carriers on the boundary of volumetric
charge band may also increase in this case [3].
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Fig.1. Volt-ampere characteristics of p-n structures
p-PbTe/n-Phg g9 TmMg oy Te pieced at 77 K.
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In produced solid state structures of p-PbTe/n-Pb,,Tm,Te the  separate meza-structures amounted from 121 to 162 V/W.
growth of RoA value against the degrease of temperature is  Photocurrent was defined as per measured value of photo-
bound up with diffusional constituent of the current, thus e.d.f (V) and the value of meza-structure resistance at zero
testifying to existence of above mentioned mechanism in  shift of (Ry) :

Ehem.sogkli )zero é)ia,;, thgkgod(ucedﬁt‘gctu[r)es had_ RO.:7,5 kr;Q |photo:Vs(é) /Rg .

at an 0= at . Determination the _

concentration gradient of electroactivity centers in field of f ﬁt 393'; Et;hr:eAvaIue Of Ionao=12,5A, and at 77K the value
volumetric charge band (a) was provided with the help of [4] OF phowo=-10, '
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Where p and n are concentrations of charge carriers in p or
and n bands of p-n transitions and W is the width of
volumetric charge band. According to voltage-capacitance S.y &k
characteristics of created structure W=0,003cm, and 3}..,

n=0,43-10"%cm™ [5].

Hall finding [5] have established that p=1,2-10"%cm™ in “r
PbggeTmo o Te single crystal. Consequently, a=0,54-10%cm™
derived value of volumetric charge concentration evidences
to the formed p-n transition to be sharp.

Fig.2. shows the spectral characteristic of produced IR
photoreceivers. Maximum of spectral characteristic is in ' 1 1 ] s L 1
agreement with wave length equal to 5,7 pum. Volt-watt
sensitivity value of S was calculated with S=V (1) / P (1) ,
(VIW) formulae, where V() is a photo-electromotive force
(e.m.f) on x wave length for separate meza-structures
V(£)=(70-94) pV, P(¢) is a power of radiation with y wave
length, incident on specimen, at 77K, the value of S, for

Fig.2. Spectral characteristic of photoreceiver on
p-PbTe/n-Phg g9 Tmg o1 Te structure basis (o-prism from
LiF; e-prism from NaCl).
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p-PbTe/n-PbggeTmyo:Te p-n KEGCIDLORININ XARAKTERISTIKALARININ XUSUSIYYSTLORI

PbogsTmgo1Te monokristallari vo PbTe epitaksial tebageleri esasinda 5-12mkm dalga uzunluglarinda hessas olan
fotogabulediciler hazirlanmisdir. Coxsayll elementlerin diizilistindan ibarst olan fotohassas quruluslarda voltamper, spektral ve
voltfarad xarakteristikalari tedqiq edilmisdir. Misyyan olunmusdur ki, 77K temperaturunda tarazlig halinda differensial
mugavimatin aktiv sahaya hasili R,A=10 Om-smZ. Carayanin axma mexanizmi yikdasiyicilarin generasiya-rekombinasiyasi ila
aydinlasir. Hocmi ylkler oblastinda elektroaktiv markazlarin konsentrasiya qradiyenti ~0,54-10%" sm™ oldugundan, yaradilan p-n
kecid kaskindir.

Y.!. Adunos, 0. badoyp

OCOBEHHOCTHU XAPAKTEPUCTHUK
p-n MEPEXOOOB p-PbTe/n-Pbggs TMg oy TE

N3roTtoBiieHbl (HOTONMPHEMHHUKH Ha OCHOBE MOHOKPHCTALIOB PhygoTMoo;Te u snurakcuanbHbeiXx cioeB PbTe, wyBCTBUTENBHBIX B
JMana3oHe MH BoiH 5-12 MkMm. Ha MHOrOaJIeMEHTHBIX JMHEHKaxX (OTOUYBCTBUTENIBHBIX CTPYKTYpP HCCIICIOBAHBI CIIEKTPAJIbHBIC,
BOJIbTAMIICPHBIC M BOJIBT(ApaHbIC XapaKTEPUCTHKU. Y CTaHOBJICHO, uTo nipH 77 K npoussenenue auddepeHunaibHOro ConpoTHBICHHS IPH
HyJICBOM CMEIICHMH Ha aKTHBHYIO muomags RoA=10 Om-cm?. OIpEeNncHo, 4TO OCHOBHBIM MEXaHH3MOM IPOTEKAHHS TOKA SBIISETCS
reHepanus-peKoOMOUHAIMS HOocHTeNel 3apsina. ['pagueHT KOHIEHTPAIMy JIEKTPUYECKH aKTUBHBIX LIEHTPOB B 00JacTH 00BbEMHOIO 3apsiia
nopsaka ~0,54-10°! em™ 1 mostoMy copMEpoBaHHbIE P-N MEPEXOIEI ABISIOTCS PE3KIML.
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