
current leaking in area extent the epi layer surface.
Numerical simulation performed according to the
experimental data has demonstrated the significant
infl uence of the randomized relief of the epilayer :

Numer ical simulation of parameters of
ZnCdHgTe fi lms and ZnCdHgTe-based

heterostructures.
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A bst r act where à = (4/ÇÜ)( ù cap / B N)'"~, , 1, stands for the

Two si mp le calculation techni ques are p rop osed
f or numeri cal modeling and esti mati on of main
par ameters determi ning the operation reli abi li ty î~ àñ~æå
elements based on À Â materials. In p articular, room-
temp erature p rocesses î / charge carri ers transp ort
accounting i nhomogenei ties î / epi taxi al ~~/ò ÿ surf aces
and work f unction of the heterostr uctures based on
ï àï î ì àð semi conductor solid soluti on ZnCdHgTe are
repor ted. The calculati on algori thm is also p resented.
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Determination of model parameters and material
properties through simulation is seemed to be helpful tool
for effective design of diff erent microelectronic devices.
In particular, the problem of charge carriers transport is
appeared to be of special importance in semiconductor
physics and technology using diff erent mater ials
(especial ly bulk monocrystals and epitaxial fi lms and
layers of different thickness).

2. Exper im ent

The f irst section of the paper deals with the
numerical simulation and consequential determinat ion of
low-bias (ï î more than 150 mV) parameters of carr iers
leaking on the inhomogeneous surface of the new narrow-
gap semiconductor ZnCdHgTe (Å =360 meV) prepared
by the modif ied liquid-phase epitaxy (LPE) on diff erent
À ' Â' single crystals substrates and proposed as material

alternative to the wor l dwi de known semiconductor
compound HgCdTe. The technological pecul iarit ies of the
growth of large-area ZnCdHgTe epitaxial f ilms required
by the modern photonics were caused suff iciently
inhomogeneous two-dimensional epilayer surface as
aggregates of clusters with typical size of about 2 mm'

(the typical size of the elemental cluster was estimated to
be about 10 ~ðò ).

where à = å ä N/ üù (r ,) -' = n;.e' l ò ß ~Ò., both parameters

are determined by the properties of ZnCdHgTe epif i lm,
è; stands for intr insic carriers concentration of ZnCdHgTe
calculated in assumption of the parabolicity of this
material band structure. The sect ions of the theoretical
and exper imental curves (Fig. 1) are well matched up to
applied voltage 0 —: 0.15 × . The percolation theory shows
the dramatic increase of the calculated values of the
current as the applied voltage increases. Such à
phenomenon can be explained by formation of the
conductive channels localized along the clusters
boundaries. Nevertheless, the "ð-n-island" conductivity

theory gives ï î simi lar results due to the protection
infl uence of the native ox ide f i lm coat ing the as-grown

epilayers immediately after their growth f inishing.
Thus, the described numerical simulation

allowed to determine the fol lowing factors: (i) some
important technological parameters of the modified LPE
technique in order to avoid undesirable surface relief of
the as-grown f i lm; (é) results of the calculat ions gave à
possibil ity to determine the quasi-two-dimensional

distribution of the charge carriers and the f i lm surface
mobil ity modulation.

4. N um er ical al gor it hm

À simple numerical technique has been worked out for
calculat ions of the main parameters of multi-component

semiconductor heterostructures. Especially, the procedure
deals with numerical treatment of room - temperature
capacitance - voltage measurements having for an obj ect
the determination of some properties of the semi-

3. Calcu lat i on p r ocedu r e

Pecul iar ities of the experimental current-voltage
characteristics measured at Ò = 290 Ê under the appl ied
bias V . = (0.1 —:0.5)EÄ were shown à dominant tunneling

saturation current (à complete funct ion strongly
depending on the main parameters of the material), the
cluster size R was estimated to be R = 0.125 mm, ä Æ is

the concentration of carr iers immediately taking part in
process of the charge transport evaluated by the
experimental capacitance-voltage measurements. The

randomized potential ô(ã) was estimated according to the
expression given below :



conductor free sur face. The examined heterostructure
(Fig. 2) was prepared by the modified l iquid-phase
epitaxy î Û å new narrow-gap semiconductor solid solut-
þ ï ZnCdHg Tå (ZCM T, Es = 320 meV at 300 Ê ) on ( 111)
CdTe single crystal substrates. The as-grown f i lm surface
roughness aff ects the optical element 's scatter , damage

threshold and, to some degree, absorption [2] .
Thus, this part î é Üå paper presents f irst results of

calculation performed for determination not only the
electron aff inity but the work function of the suff iciently
inhomogeneous surface of ZnCdHg Te epitaxial layer.

The proposed numerical model was refined by
means of electron aff inity calculation and consequent
work funct ion def inition because these parameters are
seemed to be important for construction of the band
diagram of the tested semiconductor heterostructure as à
base for further microelectronics active elements design.

Capacitance - voltage (Ñ = Ã(× ,)) measurements
were carr ied out at Ò = 290 Ê . Results of the study

al lowed to estimate the energy spectrum of charge
surface states Å„ localized at the interface
ZnCdHg Tå - CdTe- substrate (the numerical
procedure was described previously [3]) and to
def ine à unique electrostatic potential (× ,) . Thus,
the experiment gives suff icient information to
solve the basic equation ( 1) numerically [4] :

Figure 1. Experimental (curve 1)
and simulated (curves 2 and 3,
respectively) current-voltage

characteristics of the investigated
material . A s numerical simulat ion
tools the percolation theory and "ð-
n-island" conductivity models were

used. The second theory produces
ò î ãå rel iable data giving ï î sharp
increase î Ãthe current .
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F ig u r e 2 . E n er gy b an d d i ag r am o f t h e ð -p -

h et er o st r uctu r e b ased on n ew sem i c on d u ct o r

Õï Ñ ÉÍ ä Òå ca lcu l ated ac co r d in g t o t h e

m eth o d d ev el op ed in [ 3 ] .
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