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Abstract 

This work 1s based on the heterojunctions of zinc selenide grown 

on gallium arsenide semiconductor. The he"erojunctions forrued 

between them pose interesting junction properties because 0: the 

minimum lattice mismatch. A pu1sed organometal~ic chemical vapeur 

deposition technique is used ta grow good qual ity zinc selenide 

thin films of the order of few microns, bath on gallium arsenide 

and silicon substrates. In order to fully understand the 

interface properties of such structures the junctions were 

characterized by various techniques. 

Experiments of X-ray diffraction were performed OJI sarnples of 

ZnSe:GaAs and ZnSe:Si grown at different substrates temperatures. 

The X-ray experiments revealed a preferred [Ill] orientation of 

ZnSe thin films on GaAs and si substrates. Examination of the 

samples of ZnSe grown on si substrates under SEM showed a 

variation of film morphology with the growth ternperature. The SEM 

and X-ray experiments suggested that the optimum growth 

temperature for good quality and uniform ZnSe thin films was 

350°C. 

optical 'measurements were performed on ZnSe: GaAs diodes in arder 

ta determine in a quantitative way the band structure of the 

heterojunctions. The results suqgested that the depletion of 

electrons accured on the GaAs side and accumulation of electrons 
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in the ZnSe side. 

The electrical characterization of ZnSe:GaAs diodes was done 

using current-voltage (I-V) and differential capaci~ance-voltage 

(C-V) methods. The results of the I-V analysis lead us to believe 

that the current transport across the junction occurs due to a 

tunneling mechanism. The C-V analysis aiso aliowed us to 

determine the value and uniformity of donor concentration in the 

grown film. The results suggested that the junction is abrupt and 

that the depletion region extends into the lightly doped side of 

the j unction. In order to further understand the nature of 

impurity profile in the grown film, photoluminescence 

measurements were performed on ZnSe :GaAs diodes both at low and 

high temperatures. The spectra indicated a low level of residual 

impurity in aIl the cases. Finally, an energy band model for the 

ZnSe:GaAs heterostructure is adopted to account for the various 

observed results. 

.. 
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Resumé 

Ce travail consiste principallement en l'étude 

d'hétérojonctions semiconductrices d'arséniure de gallium (GaAs) 

recouvertent de séléniure de zinc (ZnSe). Vu la correspondance 

étroite des reseaux crystallins, on observe des proprietes de 

jonction intéressantes lors de la formation de ce type 

d'hétérojonctions. On utilise une technique de deposi tion -a 

l'aidede vapeurs chimiques organo-metalliques, pour faire croître 

des films minces de quelques microns de ZnSe sur du silicium (Si) 

et sur du GaAs. Afin de bien comprendre les propriét~s 

d'interface de telles structures, les jonctions ont été 

caracterisees par plusieurs techniques. 

Des expériences par diffraction de rayon-X ont été 

effectuées sur des echantillions de ZnSe:GaAs ainsi que de 

ZnSe:Si, obtenus pour différentes températures des substrats. Les 

expériences aux rayons-X révélent une orientation préférentielle 

(111) du film de ZnSe sur les deux types de substrats. L'examen 

de croissance de ZnSe sur les substrats de si à l'aide d'un 

microscope à balayage électronique demontre la variation de la 

morphologie des films avec la température de croissance. Les 

expériences de microscopie et de diffraction de rayons-X 

suggèrent que la temperature de croissance optimum pour 

l'obtention de films minces, uniformes et de bonne qualites de 

LnSe est de 350·C. Des expériences optiques ont été exécutées sur 

des diodes ZnSe:GaAs afin de déterminer de facon quantitative la 

structure de bande des hétér'oj onctions. Les résul ta ts sugg~rent 
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une baisse de concentration électronique du côté du GaAs et une 

hausse de la concentration du côté du ZnSe. 

La caractérisation electrique des diodes ZnSe:GaAs 

consiste en la caractéristique volt-ampère (r-V) et la mesure 

differéntielle capacité-voltage (C-V). Les caractéristiques volt-

.. 
ampere nous amènent -a croire que le transport du courant à 

travers la jonction ce produit par un mécanisme à effect tunnel. 

Les analyses capacité-voltage nous permettent de deduire 

l'uniformité ainsi que la valeur, de la concentration des 

donneurs dans le film. Les résultates suggèrent que la jonction 

est abrupte et que la région de faible concentration s'étale vers 

le coté faiblement dopé de la jonction. Afin de mieux comprendre 

la nature du profile d'impuretés dans le film, des mesures de 

photoluminescence ont été exécute es sur les diodes ZnSe:GaAs à 

basse tempe rature ainsi qu'à température ambiante. Dans tous les 

cas, le spectre indique un faible niveau d'impuretés residuelles. 

Finalememt, un modèle de bande d'énergie pour l'hétérojonction 

ZnSe:GaAs est adopté pour expliquer les différents résultats 

observés. 
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CHAPTER 1 

INTRODUCTION 

1 

This study deals with the growth and characterization of ZnSe 

thin films on gallium arsenide and silicon substrates. Both ZnSe 

and GaAs are direct band gap semiconductors with a minimum 

lattice mismatch that makes them good candidates for the 

formation of heterojunction having interesting electrical and 

optical properties. The main ernphasis of research is on 

understanding the growth rnechanism of good quality ZnSe thin 

films using organometallic cnemical vapour deposition technique 

necessary for the formation of good ql.lality interface for the 

electronic device application. Although no attempt has been made 

in the present work on the fabrication of a specifie el~ctronic 

device, a study of optical and electrical properties of such 

heterojunctions is considered in view of potential device 

application. 

The second chapter of the thesis gives a brief introduction to 

heterostructures and describes various techniques employed in 

the growth of thin films. Energy band structures of 

gallium arsenide and zinc selenide are considered. 

The third chapter is dedicated to the understanding of the OMCVD 

technique for the growth of thin films and the factors that 

affect the growth parameters. A brief description of formation 

and properties of n-n heterojunction are also given. An account 
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of band off-set and band deformation at the interface i5 given in 

light of conduction band off-set that occurs at the ZnSe:GaAs 

interface. 

Chapter four deals with aIl the steps involved in the fabrication 

of ZnSe heterojunctions both by vacuum evaporation and OMCVD 

techniques on silicon and gallium arsenide substrates. 

Experimental resul ts and analysis are given in chapter five. 

Emphasis is based on characterization of ZnSe:GaAs hetrojunctions 

using various methods such as x-ray and SEM for structural 

propertie5, photoluminescence and photo-electric for optical 

properties and current-voltage, capacitance-volt3ge measurernents 

for electrical properties. Finally an energy-band diagram i5 

adopted based on the observed properties for the ZnSe : GaAs 

system. 

A brief summary of all the steps involved in this work and a few 

useful comments on the important precautions that are necessary 

at the time of fabrication, concludes this thesis. 
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CHAPTER 2 

TYPES OF EPITAXIAL GROWTH 

2.0 Introduction: 

Heterojunctions are fonned whenever two dltferent materlals of 

different energy gaps are brought into contact. Dependlng on the 

types of materldl used for the formatlon ot the hetcrO)Unctlon 

four klnds of junctions are possible betwe~n two dlfferent 

semiconducting materials namely n-N , p-p, n-p, p-N 

heterostructures. Such contacts have int~rest lng electr lcal and 

electro optical properties and tind many application in devices 

su ch as high speed band-pass photodetector, l~ght emitting 

devices and injection lasers (1]. 

In order to fOrIn etffective heteroj unctions, sorne of the 

properties of the materials involved in the junction formation 

such as energy band gap, dielectric constant, lattice constant 

and the degree of crystal perfection must be obtained. 

Most of the IIr-v compound semiconductors such as gallium 

arsenide crystallize in zinc blend structure where each atom is 

surrounded by four equidistant neighbours which lie at the corner 

of a tetrahedron as shown in the figure 2-1. 

Goldschmirlt first prepared GaAs in 19205, and found it to have a 

zinc blend structure [2]. This material has fec translational 

symmetry, with a basis of one GaAs molecule at origin, and the 
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other at 1/4 1/4 1/4 of the fcc unit cube. GaAs cleaves most 

readily on (110] family planes. Goryunova noted that GaAs can 

also cleave on (111] planes and between (Ill) and (011) [3]. Of 

the eight planes in the [111] family for GaAs, four are (IlIA) 

planes containing only gall ium atoms. The other four planes are 

(1118) comprised entirely of arsenic atoms as shawn in the fig. 

2-2. Most of the II-VI compound semiconductors such as zinc 

selenide crystallize both in zinc blend and wurtzite structure as 

shown in fig. 2-). In order to tOrIn heterojunctions, identical 

combinations of structures is essential. Failure to observe this 

may result in change in electrical properties of the junction. 

Both gall ium arsenide and z ine selenide are direct band gap 

semiconductors having the sarne crystallographic structures. The 

lattice mismatch is less than one percent which makes them prime 

candidates for the heterojunction formation. The following table 

summarizes sorne of the important properties of both these 

compounds at room temperature. 

Table 1 properties of ZnSe and GaAs at room ternperature 

Material 

GaAs 

ZnSe 

Type 

III-V 

II-VI 

Band gap 

(eV) 

1.42 

2.67 

Lattice 

constant (A) 

5.654 

5.667 

Mobility 

(cm2 /v . sec. ) 

5-8000 

5-600 
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Fig. 2-1 structural arrangement of Ga and As atoms. (2] 

1 Fig. 2-2 Fee translational syrnrnetry for GaAs. [3] 
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If the lattice mismatch is significant, then defects such as 

interfacial dislocations are generally present and they have 

effects on band bending and recombination of minority carriers at 

the hetero interface. 

2.1 TYPES OF EPITAXY 

In order to achieve a good heterojunction, several techniques 

have been widely used and some of the important methods are 

listed below. 

2.11 Liquid Phase Epitaxy (LPE): 

This technique involves 

supercooled solution 

precipitation of a 

onto an underlying 

material from a 

substrate. The 

composition of the layer fonned on the substrate depends mainly 

on the equilibrium phase diagram and to lesser extent on the 

orientation of the substrate. The main points are 

1] the composition of melt 

2] the growth tempe rature and 

3) the growth time. 

This method was first developed by Nelson ir. 1963 [4). Advantages 

of this method includes the simplicity of the equipment and 

higher deposition rate. 

2.12 Vapour Phase Epitaxy (VPE): 

In vapour phase epitaxy method, the materials to be deposited are 

in the vapour form at room tempreature. Under the suitable 

conditions of tempe rature and pressure, they react and deposit on 
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to the substrat. to torm an epitaxial layer of the film. This 

technique was tirst demonstrated by Tietjenend (5) and Anik (6). 

Advantages include 1] high degree of tlexibility in introducing 

the 1opants, 2] good control or compositlon gradient by accurate 

tlow adjustment. 

2.13 Organometallic Chemical Vapour Deposition (OMCVD): 

In this technique, the semiconductor films of III-V and II-VI 

compounds are produced by decomposing appropriate group III and 

group II organometallic cornpounds in the presence of the 

appropriate group V and group VI hydrides or alloys. In addition, 

the group II organometallic and group VI hydrides are commonly 

used as dopants for the III-V compounds. Very good quality films 

can be grown using this method under controlled ternperatures and 

time of growth. This method was used for the flrst time te grow 

gallium arsenide by Manasevit and Simpson in 1969 (7J, using 

trimethyl gallium and arsine as the source materials. 

2.14 Molecular Beam Epitaxy (MBE): 

Molecular beam epitaxy is a process involving the reaction of one 

or more thermal beams of atoms or molecules with the crystalline 

surface under ultra high vacuum conditions. The knowledge of 

f'urface physics an~ the observation of s\lrface structure 

variations resulting from the relation between the atom arrival 

rate (beam flux) and the substrate temperature allows 

considerable understanding of preparation of high quality films 

with the compilation of a~omic layers upon one another (8). 
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In 1958, Gunther described the growth of III-V materials using 

this technique [9]. The main advantages of this method includes 

1] presice control over layer thickness and doping profile 

2] high uniformity over large area of substrate. 

2.15 Vacuum Evaporation: 

In vacuum deposition method, the substance to be deposited is 

taken in the form of a powder in a suitable boat, placed in the 

vacuum chamber evacuated to a low pressure of few micro torr. A 

suitable current is passed through the system to heat up the boat 

and ta evaporate the materiai on the substrdte. Fairly goad 

quality films can be grown using this method [10). 

2.16 Interface Ailoy Technique 

In interface alloy method, the material to be ailoyed in is ta ken 

in the molten form and brought into contact with the second 

materiai. The formation of the junction takes place by the 

process of diffusion at the interface of the two materials. This 

technique ls however not very popular [11]. 

In order to fabricate a good junction, both the materiais used 

should have a similar thermal coefficient of expansion during the 

growth process in order to avoid defects resulting from over 

stress and strain on the grown layers. In order to grow films of 

good quality, cleallness is atmost important at each step of 

growth in aIl these techniques. 
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Out ot the techniques mentioned above, OMCVD and LPE are widely 

used. Both these techniques give a unique opportunity for low 

tempe rature deposition, resulting in the great improvement in the 

photoelectric properties of grown layera. 

2.2 BA..HD MODEL OF GALLIUM ARSENIDE AND ZINC SELENIDE : 

The band structure of galllum arsenide has been theoretically 

calcuated by Kane et al (12 J 1":310g perturbation thsory. These 

calculations have revealed that GaAs is a direct gap 

semiconductor with a band gap of 1.42 eV at room temperature and 

has an important secondary minimum at about 0.36 eV above the 

lowest minimum as shown in fig. 2-4. 

Zinc selenide on the other hand, has a band gap energy of 2.67 eV 

at room temperature. Analysis of scattering mechanism in ZnSe has 

shown the presence of considerable ionic component ln the 

binding. Fig. 2-5 shows the energy band of ZnSe along the (111), 

[100] and [110] symmetry axes first proposed by Cohen and 

Bergstresser [13] using pseudo potential Methode 
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Fig. ~-J Wut'tzlt. Itructun ot ZnS •. (3) 
F1C}. 2-4 Second annUla of GaAl. [12] 

r 
r 

Fig. 2-5 Energy band of ZnSe along the 

(111), (100) and (110) sym.metry axes. [13) 
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CHAP'l'ER 3 

FACTORS AFFECTING OMCVO 

J.1 Factors Atfecting Growth : 

11 

In order to obtain good quality films using the OMCVD technique, 

the f0110wing factors have to be optimized as they affect the 

growth results significantly. 

3.11 Reaction pressure: 

Reaction pressure plays an important role in the growth of high 

quality thin films of ZnSe. It has been observed that low 

pressure favours the growth of defect free thin films by 

minimizing the premature reaction between dimethylzlnc (DMZ) and 

hydrogen selenide (H2Se) in the presence of a carrier gas such as 

HCl. These components can react at room tempe rature and hence it 

is necessary to minimize the number of collisions between 

molecules in the period 't " the time between gas mixing and 

contact between the substrate. Low pressure creates conditions 

for high translational velocity of the reactant molecules thus 

minimizing the value of 't'and the number of collisions between 

molecules in this period. For the growth of ZnSe on (100) GaAs, 

Fugita et.al. (14] have shown that the growth rate falls by 

approximately a factor of 3 in going from 10 to 0.1 torr from 

(7.5 to 2.5 ""rn/hr.) for f10w rates of 10 standard cubic 

centimeter per minute (sccm) for DMZ and 50 s~cm for H2Se. The 

substrate temperature was maintained at 350oC. It was observed 

that the quality of the layer increases dramatically with 



12 

pressure reduction. 

3.12 Substrate Temperature 

The carrier concentration in ZnSe films prepared by OMCVO is 

mainly determined by the substrate temperature. It varies between 

10 17 and 10 14 cm- 3 below 350oC. This may be due ta the fact that 

chlorine atoms in the carrier gas Hel might have remained in the 

reactor. In addition it has been reported that the carrier 

concentration monotonically decreased with the increase in film 

thickness. Such a decrease in the carrier concentration may give 

rise to dominant donor species in unintentionally doped ZnSe 

[ 15] . 

The electron mobility in the hetero epitaxial films increases 

with the film thickness since the stress and/or defects in the 

films induced by the effect of lattice mismatch between the 

substrate and the grawn layer reduce wi th the increase in the 

film thickness. Increase in the electron mobU i ty can also be 

attributed to improvement of the crystallinity of the films grown 

at higher substrate temperatures. It has been observed that (16] 

the value of electron activation energy does not change 

significantly during the growth process. The electron mobilities 

in such films have been reported to be 300-400 cm2/v.sec. at room 

temperature for thickness of 1-) pm. 

3.13 Molar Ratio of Se/Zn Source Gas: 

The molar ratio between Se source and th~ Zn source is 
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siqniticant in varying the film properties. Holar ratio is simply 

detined as the ratio between source gases of H2Se and DMZ which 

are introduced into the reactor. Since both the gases are 

admitted into the reaction chamber during the growth process, the 

composition of the gases in the reaction mixture varies to a 

considerable extent based on gas pressure, spreadlng angle and 

the distance from the substrate surface where these gases 

decompose to form suitable reaction products. Thus the effect of 

the IH2Sel/IDMzl molar ratio on the film properties has a 

tendency to vary the carrier concentration significantly. 

In the growth of III-V compounds such as GaAs by OMCVD the gas 

composition ratio of TMG/AsH3 can have effect on the material 

properties. As in the previous case, the higher molar ratio of 

arsine te gallium has a net effect of reducing the carrier 

concentration. The number of methyl radicals present is reduced 

by the increased rate of hydrogen transfer from the greater 

number of AsH) species to the radicals to form methane. The 

methyl radicals are the source of carriers and hence, less 

carriers are available for incorporation. 

3.14 Morphology : 

The next criterion is the morphology of the grown films. 

Substrates used for epi taxy play an important role. The ideal 

substrate is the one which has lattice constants ~ame as that of 

the epitaxial layer as in homoepitaxy. Hence the substrate chosen 

for the qrowth of epitaxial films considerably affect the 
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morphology of the grown films. However, the more recent studies 

on ZnSe (17] showed that ZnSxsel-x and GaAs lattice matched very 

closely when x = 0.06 using the former as the substrate material. 

The penetration of gallium into the substrate was signiticant and 

the penetration depth increased with the substrate temperature 

during deposition. 

3.15 l~ttice Mismatch 

In order to grow high quality ZnSe layers on GaAs, the mismatch 

between the two materials should be minimum: th~ mismatch at room 

tempe rature is significantly large. Such a large mismatch between 

the ZnSe and the GaAs is related ta the high donor concentr~tion 

frequently observed in undoped ZnSe on GaAs (lB]. The explanation 

is that the Ga atoms may diffuse from the GaAs substrate into the 

epilayer during growth due ta the mismatch. H igh quaI i ty ZnSe 

free of misfit dislocation can be grown if the grown layera are 

thin enough to be strain free. The misf i t between ZnSe and the 

GaAs is of the order of 0.3 , at room tempera"'ure and slightly 

increases wlth temperature. The mistits can be accomadated by a 

periodic set of dislocations i.e. parallel lattice planes will he 

incorporated into the GaAs lattice. Hoi t [19 J has pointed out 

that the distance between the se planes is of the order or a taw 

hundrad atomic units. It was also pointed out by him that the 

ZnSe:GaAs diodes exhibit typical current-voltaga characteristicB 

having a weak tempe rature dependence. 

It has bean shown by Hiroshi M. et al. (20) that th. lattice or 
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ZnSe grown on GaAs using OMCVD thinner than 0.15 m expands in 

the growth direction involving the elastic strain so that ZnSe 

can be lattice-matched to the smaller lattice of GaAs at the 

interf~ce. On the other hand the layers thicker than l m have 

the same lattice constant as that of bulk ZnSe , implying that 

the strain i5 released by introducing misflt dislocations. These 

resul ts clearly indicate the importance of lattice match for 

growing high quality thick layers. This could be lmproved by 

growing ZnSxSel-x alloy exactly lattice matched to GaAs or 

growing ZnSe cnto InxGal-xAs or InxGal-xP substrates which are 

lattice matched ta ZnSe (21]. 

However, it 15 worth while to point out that some of the chemical 

reactions used in OMCVD can occur prematuerely llpstream from the 

required deposition zone and at a temperature lower than that of 

the substrate, resulting in non uniformity of the grown layers. 

Such non uniformities have been observed in films of ZnSe grown 

using DMZ and H2Se and mainly attributed to the occurence of 

premature reaction between the al kyls and the hydrides [22]. 

These premature reactions lead to the formation of adducts which, 

if sUfficiently volatile, can be transportùted after in-situ 

formation. The successful use of adducts has been demonstrated 

for the growth of III-V compounds but not as yet for the II-VI 

compounds. 

P.J. Wright et.al. [23] have shown that the growth of ZnSxSel-x 

offers the possibility of growing layers which are lattice 
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matched ta these substrates and potentially ft ee from residual 

strain. However, the major difficulty in the alloy growth is that 

the relationship between the H2S:H2Se ratio in the gas phase and 

the S:Se ratio in the solid phase is non-linear. Control of the 

gas phase ratio (x=O.052) to achieve lattice matching with GaAs 

praved relatively simple because the gas ph~se concentrations of 

the two hydrides are relatively high. The uniformitj of 

composi tion through the layers was conf i rmed by EDAX studies 

across a cleaved section. 

Heterocyclic compounds are shown to be useful as sources of the 

group VI elements in their reaction with DMZ for the growth of 

crystalline layers of ZnSe in the standard technique of OMCVD. 

The problems of premature reaction observed between the group VI 

hydrides and DMZ i5 insignificant \vhen hetûrocyclic compounds are 

employed. In this case, the reaction is brought between DMZ 

and a sulphur containing heterocyclic compound namely selenophene 

(C3H2Se). with this method, gOOG quality single crystal ZnSe has 

been grown on GaAs(lOO) single crystal substrate. The use of the 

heterocyclic compounds to produce either 

polycrystalline layers on a wide range 

single crystal 

of substrates 

or 

at 

relatively low temperatures suggests considerable potential for 

using 

layer 

heterocycJes 

devices 

in production of the current range of thin 

using II-VI compounds; these include 

electroluminescent panels, optical filters, antj-reflection 

coatings and transparent conducting layers [24]. 

l 
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The main advantage of heterocyclic compounds over the 

conventional use of hydrides lies in the fact that the pre 

reaction observed in the later lS almost completely absent.. This 

absence indicates a reduced reactivity of the group VI atoms 

in the cyclic structures compared to the simpler hydrides, an 

observation which is supported by slightly higher temperatures 

required for deposition when the heterocyclic ccmpounds are used. 

Nevertheless, since the heterocyclic structures do nct contain 

"acti~~1t hydrogen atoms as do hydrogen selenide, their total 

reactivity towards DMZ must reduce. This effect may be further 

enhanced by the presence of group VI atoms in the ring 

structure. 

3.16 Interface Formation: 

The next consideration in the groth by OMCVO is the physics of 

interface formation during thin film deposition. We have 

considered here both the techniques of vacuum evaporation and 

OMCVD as welle Kinetic theory shows that the atoms evaporated 

from an open boat as in vacuum evaporation, have a Maxwellian 

velocity distribution and a mean k1netic energy of 3/2 kT. At a 

tempe rature of aoooe, this energy is of the order of about 0.2 eV 

(25]. Only a negligible number of atoms have energies greater 

than 1 eV. Hence the energy available from the stopping of 

thermally evaporated atoms is not enough to clean physically 

adsorbed gases from the surface. This is the reason why the 

kinetic energy of the thermally evaporated atoms may be neglected 

when considering thp sticking coefficients or nucleation and 
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growth phenomenen. In the presence ot lattice relaxation, the 

energy needed for the diffusion of atoms into the lattice ia of 

the order of 1 te 5 eV. Such penetration May create vacancies in 

the substrate lattice or increase the number of foreign 

interstitial atoms and in turn may result in the formation of 

dislocation loops (26). 

The overall result of the se processes is a change in the free 

energy and the structure of the substrate surface ~hich in turn 

affects the number of nucleation si tes and the surface fres 

energy and resul ts in the change of bond strength between the 

substrate and the resulted film. These effects change properties 

su ch as film stress, sticking coefficient and film structure etc. 

In the case in ~hich there is a solid solubility of one material 

into the lattice of the other the interfacial region can be 

established by diffusion: the activation energy for diffusion 

coming from any source such as heating ef the substrate as in the 

case of OMCVD. 

3.17 Thermodynamics : 

It has been shawn that for understanding ar.y vapour growth 

process thermodynamics play a very important role (27]. However, 

the thermodynamic study of OMVPE are not comman because such 

reactions are narmally considered as a non equilibrium or 

kinetically controlled process. Hlshachi Seki et al. [28] have 

shawn that the chemical equilibrium is established at the vapour

solid interface for the growth of all common III-V compounds and 
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alloys. An equilibrium model has been established by the above 

workers to relate the vapour and the solid compositions. Details 

of the model has not been dealt here. The result of this analysis 

is in agreement with the data cited in lit3ra~ure. 

It has been shown that the distribution relation of III-V alloys 

in MOVPE is determined mainly by the Gibbs free energy of 

formation of binary compounds and by the input V/III ratio. For 

preparing III-V compounds in a reproducible n.anner, a precise 

control of the V/III ratio is of considerable importance. The 

study concluded that the equilibrium model proposed, showed that 

under normal growth condi tians 1. e . V/III >1, the growth is 

independent of the deposition temperature and V/III ratio, and 

the rate increases linearly with the increase of the input 

partial pressures of the group III source. These are quite in 

agreement with the experimental observations. It was aiso noticed 

that a drastic variation of equilibrium partial pressure occured 

at V/III = 1. This has been attributed ta the changes of solid 

stoichiometry and the carbon contamination of grown layers. In 

fact, it has been experimentally observed that the abrupt change 

of the conduction type from p to n with the increase of V/III 

ratio without intentional doping in the growth of GaAs. 

3.18 Thermal Expansion Coefficient: 

Another factor which is very important in the the growth of ZnSe 

on gallium arsenide is the thermal expansion of both the 

1 materials during the growth process. In ordgr to grow good 
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quality films iree from strained layers, it is important that 

both the materials should have the same coefficient of thermal 

expansion. The investigation of thermal expansion of GaAs and 

ZnSe, which are isotronic of the germanium series was carried out 

by Novikova [29) in 1960. Figure 3-1 shows the ~lots of versus 

absolute tempe rature for bath gallium arsenide and zinc selenide. 

For GaAs, it can be seen that CC decreases with the decreasing 

temperature, becoming equal to zero at T = 55 K and passing into 

the region of negetive values. At T~40 K, the value of Œis 

-0.5 * 10-5 per degree. 

For ZnSe, it can be seen that the value of becomes negetive at 

T<64 K, and has a minimum value of -3.10 * 10-5 per degree at 

T=36 K. These results show that the expansion coefficients of 

GaAs and ZnSe are in the close vicinity. The thermal e)(panslon 

coefficient for GaAs has been reproduced and is predicted 

theoretically as a function of tempe rature . The corresponding 

phonon shift occured in the case of gallium arsenide grown under 

pressure. 

The aspects described above in chapters 2 and 3 of ZnSe and GaAs 

forms the basis of fundamental considerations in describing the 

formation and characterization of heterojuncti'ms. We now deal 

vith the basic concepts of heterojunctions with special reference 

to n-n heterostructures as ls the case in this study. 
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3.2 INTRODUCTION TO HETEROJUNCTIONS : 

The energy band model as proposed by R. L. Anderson has been 

discussed here with a particular reference ta the n-n structure 

which forms the basis of our study. 

3.21 Schockley-Anderson Model. 

Shockly-Anderson [30] proposed a model describing the energy band 

at the hetero interface cf the two junctions. From a device 

physics point of view the most important aspect of semiconductor 

hetaro-interface, is the energy band diagram i1t the interface. 

The model assumes that the transition from one semiconductor 

takes place over atmost a few lattice constants. For such abrupt 

interfaces, the canonical "energy" band is the above model as 

shown in fig. 3-2. Its characteristic leature is an abrupt change 

in energy gap at the interface, leading to discontinui ties or 

offsets in the conduction and valence band edges. The magnitudes 

of these offsets are assumed ta be characteristic properties of 

semiconductors pair invol ved, essentially independent of doping 

levels and hence of Fermi levei considerations, but possibly 

dependent on the crystallographic orientation and on other 

factors influencing the exact arrangements of atoms near the 

interface. Away from the interface, the band anergies are 

governed by the requirement that a bulk semiconductor must be 

electrically neutral, which fixes the band energies relative ta 

the Fermi level. 

Fig. 3-3 shows a band diagram for an n-n heterostructure based on 
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Anderson' s model. The conduction band offset th en leads to a 

t shallow potential notch and a Schottky barrier like potential 

spike barrier, bath of which play large roles in the electrical 

r 

properties of such junctions. The band offsets are the dominant 

aspect of heterostructure interfaces, and their existance is in 

fact the principal reason why hetero~.tructures are incorporated 

into semiconductor devices. In fact, the band offsets act as 

potential barriers, exerting strong forces on electrons and 

holes. Basically the band offset forces may be made either to 

assist or to counteract the classical electrostatic forces. 

Normally the presence of an interface charge has an effect of 

deforming the energy bands. Fig. 3-4 shows the deformation in 

su ch cases as appl5.ed to n-n heterostructures for bath signs of 

the charge. From the figure it is clear that the negative 

interface charge would raise the height of the spike barrier and 

a positive charge lowers it. These chargl3s in general have a 

significant effect on the overall barrier heights seen by the 

carriers and hence on the properties of any heterostructure 

device employing the offset barriers. 

Interface charges may result either from the accumulation of 

chemical impurities at the interface during the grawth, or due ta 

the structu~al defects at the interface resulting from the strain 

on the qrown layers. Also, this could be larqely attributed ta an 

additional mechanism that occurs at the heterC' interfaces when 

two semiconducting materials combine from different columns of 

the periodic table, in which case there exists a large net 
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interface charge. 

3.22 Energy Band Profile: 

Consider the energy band profile of two isolated semiconductors 

as shown in the figure 3-3. The two materials are assumed ta have 

a different band gaps Eg. different dielectric constant E , 

different work function ~ ~nd different electron affinity e. The 

work function is defined as that energy required to remove an 

electron from Fermi levei to the position just out side of the 

material (vacuum level). The electron affinity is deflned as the 

energy required to remove an electron from the conduction band to 

the vacuum level. The di fference in energy ir, conduction band 

edges is denoted by ALe and that between the valence band edges 

ls represented by ~v , as shown in the figure. 

Whenever these two materials are brought into contact, the 

junction formation takes place and the band bending occurs at the 

interface depending on the type of materials involved in the 

junction formation. Figure 3-5 shn/s the energy band diagram 

between the n-ZnSe and n-GaAs at thermodynamic equilibrium. 

Since the work funetion of the wide band semlconductor (ZnSe in 

the present case) ls the smaller, the energy bands ~ill be bent 

as shown in the fig. 3-5. Number of stat.es available in the 

conduction band ls srnall and so the excess electrons in the 

material of greater work funetion will occupy states in the 

conduction band. Since there are a large number of states 

available in the conduction band, the transition region extends 
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only a small distance into the narrow band material and the 

voltage is mainly supported by the material with the smaller work 

function. The current-voltage characteristics of su ch junctions 

clearly indicate that there must be a discontinuity of conduction 

bands in su ch a way that the electron affinity of the larger band 

semiconductor (ZnSe in the present case) should be greater than 

the electron affinity of the of the smaller gap material (GaAs in 

the present study). This agrees weIl with the qualitative 

analysis by Swank [31]/ which shows that the electron affinity of 

zinc selenide to be equal to 4.09 eV and the electron affinity of 

gallium arsenide as 3.65 eV. 

Figures 3-6 and 3-7 show the two cases in which the n-n 

heterojunctions have been biased clifferently. In the forward bias 

case the n-ZnSe is biased positively with respect to n-GaAs and 

the ZnSe side accumulates electrons. In the reverse bias 

condition, the ZnSe side is biased negatively with respect to the 

GaAs side. The valence band offset in the second case is more 

pronounced than in the first case. For the n-n heterojunction in 

the reverse bias case we normally consider only a tunneling 

transport of electrons predcminating from the notch of the 

conduction band discontinuity of ZnSe into the GaAs. If there 

exists an accumulation layer at the ZnSe side, the possibility of 

electron tunneling with higher energies only has to he taken into 

consideration or else the -=ff~ctive barrier height would be 

smaller than the expected conduction band offset Ec' 
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Fig. 3-6 Heterojunction with a forward bias. 
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Fig. 3-7 Heterojunction with a reverse bidS. [321 
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Heterojunctions between n-ZnSe and n-GaAs have been prepared and 

the qrowth habits of ZnSe on GaAs monocrystals have shown that 

the epitaxial deposits of ZnSe can be obtained on (111) and (110) 

faces of GaAs. Thermodynamic calculations hav.'1 shown that the 

partial pressure of selenium is mueh higher than the partial 

pressure of zinc (321. This favours the creation of acceptors and 

as a consequence of self compensation, one should expect zinc 

selenide films of relatively high resisti vi ty. However, MOCVD 

grown n-type ZnSe can be very conductive. This is possible if 

some kind of diffusion of gallium frOID the gallium arsenide 

substrate into zinc selenide has occurred. 

The current voltage characteristics 

influnced by varjous mechanisms 

in heterojunctions 

depending on the 

are 

band 

discontinuities at the interface and the density of interface 

states. If the barrier to the holes 15 mu ch higher than that for 

the electrons, then the current will consist of almost entirely 

of electronsi or if the density of interface states lS very high 

then the dominant current will be generation-recombination 

current from the interface. The dominating current can also 

result from tunneling mechanism if the width of the barrier is 

very thin. It can also be attributed to the th~rmianic emission 

if the inter-face acts as a metal-semiconductor contact. We now 

proceed to ta the fabrication of our junctians. 
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We employed two techniques to forro heterojunctions of ZnSe on 

silicon and gallium arsenide substrates respectively. The first 

method used ta forro the junction was vacuum evaporation technique 

and the second being the organometallic chemical vapour 

deposition technique. Both the methods have been dealt in detail 

in this chapter. 

4.1 VACUUM EVAPORATION TECHNIQUE 

Vacuum evaporation is one of the most widely used deposition 

techniques. As described earlier in chapter two, this technique 

consists of vapourization of solid material by heating it to 

sufficiently high temperature and condensing it on to a cooler 

substrate te form a film. Heating of the material can be carried 

out directly or indirectly by a variety of methods. The most 

common method is to use a filament wire or boat which is 

electrically haated to evaporate the material. Such evaporation 

sources are normally made of refractory materials such as W, Mo, 

Ta etc. with or without a ceramic coating. The choice of the 

filament or the boat materials is primarily determined by the 

evaporation temperature and the resistance to alloying and 

chemical reactions with the evaporant. In this study, to 

evaporate ZnSe powder we employed Mo boat made in our laboratory. 

Direct heating of the evaporant in the boat can oe done easily 
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by passing current through i t. In the case of evaporation of 

elements, the evaporated species consists of neutral single atoms 

which vapourize in the form of poly atomic clusters. In th~ case 

of allcys and compounds as in this study, vapcurization is 

accompanied by dissociation or decomposi~ion because of 

differences in va pour pressure of various constituent elements or 

because of thermal instability. However, if the constituents are 

equally volatile, congruent evaporation occurs. The composition 

of the va pour and the film differ from that l.Jf the source if 

evaporation is not congruent. This difference may be further 

aggravated if the condensation coefficient of the vdrious 

constituent vapour atoms or Molecules differ from each other. 

The tendency ta dissociate is greater at high evaporation 

tempe ratures and low ambient pressures. 

4.11 Langmuir Model : 

According to Langmuir-Dushman theory of the kinetics of 

evaporation (33) , the rate of free evaporation of atoms or 

Molecules from a clean surface of unit area in vacuum is given by 

Ne = 3.513 .. 1022 .. Pe (l/MT) 1/2 molecul€s sec-1 cm- 2 

where, Pe = equilibrium vapeur pressure (in torr) of the 

evaporants und~~ saturated vapour conditions at a temperature T. 

N = Number ot evaporated molecules per s~cond 

M - Molecular weight of the vapour species, 

T - Absolute tempe rature 

, The rate of condensation of the vapours (or the depositien rate) 



1 

12 

depends not only on the evaporation rate but also on the source 

geometry, its position relative to the substrat. and the 

condensation coefficient. ~ngrnuir model can be picto~ially 

depicted as shown in the figure 4-1. 

Because of the ~o11ision with the ambient gas molecules, a 

fraction of the vapours proport.ional to exp (- dl,,) 

where d ; distance between two molecules and, 

~= mean free path between successi~e collisions 

15 scattered and hence randomized in direction within a distance 

'd' during their transfer through the gas. The ~ean iree path 

through air at room temperature ia about 45 and 4500 cm 

respectively. Thu5 lower pressures are essential ta ensure a 

straight 1ine pa th for most of the evaporated species and for 

substrate to source distance of 8 ta 20 cm in a vacuum chamber. 

Good vacuum is also necessary for producing contalnlnat ion free 

deposits. 

Another parameter of interest in understandirg the degree ot 

vacuum on the purity of films is the impingment rate of ambient 

gas molecules. Fxperimental resul ts have shawn that () 4), under 

normal conditions of vacuum (10- 6 torr) and deposition rate 

(l'l/sec), the impingment rate of gas molecules i5 relatively 

large, sa that if the sticking coefficient of the gaa is 

net very small, a significant amount of gas absorption could 

cccur. However, the sticking coefficient of gas molecules i9 very 

small, there by making the norma 1 pressure good enough for 
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deposition of clean films. Of this number a certain fraction will 

rebound from the surface, while the remainder will collide with 

the surface, give up their excess energy as phonon, and become 

adsorbed. Most of the impinging atoms are initially adsorbed. The 

adsorbed atom may acquire sufficient thermal energy ta overcome 

the local attractive forces binding it to lts Immediate site and 

migrating to a new position on the surface. the surface mobility 

of the atom will depend on the magnitude of local attractive 

forces and on the cleanliness of the surface as weIl. On glass, 

ZnSe tends to exhibi t considerable surface mobili ty. Eventually 

an atom may acquire sufficient thermal energy to evaporate from 

the surface or it may bond ta another surface atom to form a 

di.:ltomic complexe This complex may acquire additional atoms and 

grow into larger nucleus, or an atom may evaporate from the 

complexe As the complex continues to grow, surface life tirne will 

increase and that the surface mobility will decrease. Thus, once 

the nuclei have formed, further growth into larger aggregates 

occurs because of the greatly increased surface lifetime of the 

associated atoms. We now discuss the OMCVD technique. 

4.2 ORGANOMETALLIC CHEMICAL VA POUR DEPOSITION TECHNIQUE (OMCVD): 

The important characteristic of OMCVD is that it necessarily 

involves a heterogeneous chemical reaction at the surface of the 

substrate without requiring vacuum as an essential condition for 

deposition. Continuously flowing carrier gases a~d / or chemical 

reactions induced by temperatures and concentr~tion gradients 

between the substrate and the surrounding gaseous ambient are 



, 

H 

responsible for the transfer of the vapour to the substrat •. CVO 

may be carried out in pressures ranqinq trom severai atmospheres 

down to high vacuum. This technique invalves the expo&ure ot 

substrate to the appropriate reactant va po urs and thelr reactlon 

near or at the substrate surface ta produce a film of the solid 

phase reaction product. The deposition condition should be such 

that the reaction occurs only near the surface and not in the 

gaseous phase to avoid tormation of powderly deposits. The 

morphology of the deposits 15 strongly influenced by the nature 

of the chemical reaction and the activation mechanism. 

Basically any chemical reaction between the reactive vapours 

which yields a solid phase reaction product can be used for 

CVD. The substrate may in some cases, take part in the reaction 

if the temperature is sLltf iciently high. (e. g. formation of 

silicon dioxide on silicon substrate) The selection of a 

practically suitable reaction is dictated by several constraints. 

One has to take into acco~nt the fa ct that the actual course of 

the reaction may be mu ch more complex and involves formation of 

intermediate species in accordai1ce wi th the reaction kinetics, 

which depends on several factors such as flow rates, partial gas 

pressures, deposition temperature and tempe rature gradients and 

nature of the substrates. Some of these important aspects have 

been already discussed in detail. A general decomposition 

reaction can be written as 

AB (ga5) ----> A(solid) + B(gas) 

In this study, we have used DMZ (dimethyl zinc) and hydrogen 
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selenide (H2Se) as source gases which, under suitable conditions 

of temperature and pressure, combine in the vacuum reactor to 

form solid ZnSe deposit and methane gas according to the reaction 

shown below. 

(CH»2Zn(gas) + H2se(gas) ------> ZnSe (solid) + 2CH4 (gas) 

ZnSe deposits on the surface of the substrate. Chemical reaction 

oceurs by the deeomposition process activated by heat (pyrolytic 

decomposition). Most of the metai hydrides and the organometailic 

compounds decompose at tempe ratures < 6000C. For decomposition at 

low pressures or with a large concentration of the decomposition 

products, higher substrate temperatures may be required. Such an 

increase in the substrate temperature i5 beneficial in improving 

crystallinity, purity and adhesion of the film to the substrate. 

Despite the simplicity of the deeomposition process, difficulties 

may arise due to the formation of more than one non volatile 

reaetion product such as carbon in the case of organometallic 

compounds. 

4.21 Growth of ZnSe thin films by Vaccum Evaporation: 

In order to study the properties of zinc selenide thin films 

we first grew ZnSe on glass and silicon substrates respectively 

using vacuum evaporator. The scheme of the evaporation is shown 

in figure 4-2. High purity ZnSe (purity 99.9999 % ) was employed 

for this purpose. Coarse ZnSe was made into a fine powder by 

proper grinding and a molybdinum boat was used for the purpose of 

source evaporation. Boat was thoroughly etched using a proper 

etchant. Tl e glass substrates and silicon (111) wafers were 
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properly degreased by successively washing them first with 

trichloroethylene followed by rinsing in acetone for tive 

minutes. They were then rinsed with de-ionized water and dried in 

air. The samples were then loaded into the system which is a 

conventional vacuum unit provided with an oil diffusion pump and 

a rotary pump ta achieve a good vacuum. The substrate holder was 

made of stainless steel bar provided with aluminum clamps to hold 

the samples onte it. The boat containing the evaporant was 

clamped firmly between the ends of ap e1ectrode heated 

electrically. The evaporator together with the bell jar was 

properly cleaned before operation. Cleanliness was maintained at 

every step of the exp~riment. The system was tirst evacuated 

using a rotary pump and then to a high vacuum usinq a diffusion 

pump having a speed of 500 1/5. With a liquid nitrogen trap, a 

pressure of 1 * 10- 5 torr was achieved without much difficulty. 

The boat together with the contents vas then heated by passing 

electric current of suitable magnitude (40 amperes) which first 

melts ZnSe and then evaporates it on to the substrates. 

In order to pr~tect the substrate from a possible oxide 

contamination resulting from the evaporation of possible 

impurities present within the system, a shutter is used to cover 

the boat completely till the material mel ts completely. Since 

ZnSe has a fairly high melting point corresponding to 15600 C only 

smali quantity of it (1 gm) was used for the evaporation. The 

substrate was held at a distance of about 9 cm from the source. 

The evaporation was performed till all of the material evaporated 
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from the boat. The system was then cooled for a sufticiently long 

time in order te avoid air contamination. 

Dependinq on the source position and the distance ot each 

substrate from the source, we grew ZnSe films of varying 

thicknesses on four substrates, two for glass and two for 

silicon. The thickness was measured using a DEKTECK system, by 

etching one end of the film using a suitable etchant. The 

measurem~nts showed the thickness in the range ot 2-1) microns on 

the glass substrates. 

4.22 Resistivity Measurement : 

The e1ectrical resistivity measurements were made using a four 

point probe. However, in all the cases, the elecctrical 

resitivity of the as grown fi 1ms was very high of the order of 

108 ohm-cm on all the samples. This could have probably resulted 

from its stronq tendency towards self-compensation. 

In order to reduce the resistivity of the grown film, we used 

indium sulphide as a dopant material as indium sulphlde has a 

vapour pressure close to that of zinc selenide and also all the 

group II1-B metals such as indium, aluminum and gallium give rise 

to donor levels in ZnSe (47). We grew three films of ZnSe doped 

with In2S) wi t!1 different weight percentage. The three samples 

had 5, 3, 1 weight percent of 1n25) mixed with ZnSe. In arder te 

ensure thorough mixing of both the materials, the two compounds 

were first weighed accurately using a Metler's electronic balance 

and the powders properly mixed to qat a uniform mixture of the 
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two compounds. The evaporation was carried out as bafore under 

identical conditions of pressure. 

4.23 Heat Treatment : 

In order te improve the crystallinity quality, annealing vas do ne 

in the nitrogen atmosphere for a period of haIt an hour at 420°C 

in a amall open tube furnace. The films vere then examined for 

resistivty. The calculated In density in films varied from 

5 * 1021 to 1 * 1019 cm-3. The films sho'Ned' excellent optical 

quality but in aIl these samples there vas no improvement in the 

lateral resistivity even after annealing. The annealing of these 

samples vas further continued vith those grown on silicon 

substrate for a period of 24 and 36 hours respectively at 500°C. 

Again no evidence of Any signifiant change in the resistivity vas 

noticed. 

The effort ta reduce the resistivity was further continued by 

using excess metal1ic zinc as a dopant in these films. This vas 

pertormed by taking a small piece of zinc (99.999 \ pure) 

togetber vi th the sample in a small quartz ampoule about 3 cm 

long and 1 cm in diameter. The contents vere evacuated ta 10-3 

torr usinq a diffusion pump and the ends properly sealed vith the 

help of oxy-acetalene tourch. These ampoules vere then heat 

treated in air at 5000 C for 8, 16, 24 and 36 hours respectively. 

In aIl these cases, again the resistivity measurement either 

shoved no significant improvement or a slight temporary 

1 improvement in conductivity in a fev samples which disappeared 



40 

within a few days. These rQsulta show that the reslstivlty of as 

grown samples la high. The transmittance measurementa wera also 

made on these samples. 

4.24 Transmittance Measurements : 

A monochromator supplied with a tungston source lamp was used for 

this purpose. The lamp could he illuminated to the required 

degree of illumination using a power supply. The sample ot ZnSe 

grown on glass substrats lWas placed at normal incidence at a 

suitable distance from the point ot incidence and the current vas 

measured using a microammeter in contact vith the sampie. The 

readings were fi~~t calibrated using a standard silicon 

photovoltaic cell. The range of wavelength selected was from 400 

to 1100 nm and for each wavelength, the light intensity was 

measured by measuring the current using a microammeter. In order 

to study the transmittance of the ZnSe films with a minimal 

margin of experimental error, the light intensity was first 

measured by putting a plane glass in front of the Si detector. 

For the same setting of wavelength the sample of ZnSe grown on 

glass was then inserted into the slot of the monochromator 

exactly under similar conditions and the corresponding 

measurement made. For each waveiength recorded, measurements were 

simuitaneously made on bath the samples throught the whole range 

of measurement. In order to calculate the transmission factor, 

the ratio of photocurrent of ZnSe/glass to that measured on the 

plain glass was considered for each wavelength recorded. Finally 

a plot of transmittance versus wavelength was obtained as shown 

in the figs. 4-) to 4-5. 
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The same procedure was appl ied to measure the photovol taqe and 

the photocurrent on ZnSe grown on silicon wafers and the gallium 

arsenide wafers as discussed further. From the plots ot 

transmittance versus wavelength for different samples the 

estimate of the band gap of ZnSe was confirmed to be 2.7 eV. 

In order to understand the growth structure and orientation of 

the thin films of ZnSe on glass and silicon substrate, X-ray 

measurements were made on these sampI es. The measurements were 

done using ED-2000 diffractometer. CUK radiation was used as a 

source of radiation and the sample mounted on a suitable holder 

was rotated between the range of 20 equal ta 5 to 70 degree using 

the proper intensity of radiation and a suitable anqular rotation 

speed of th..:! diffractometer. The intensi ty of diffraction was 

recorded as a funetien 28 on the chart recorder. The X-ray 

spectra of films grewn on both glass and silicon substrates are 

shawn in figures 4-6 and 4-7 respectively. The silicon substrates 

employed for this purpose had the orientation <111>. In bath the 

cases the films of ZnSe were grown using vacuum deposition 

technique. The discussion of the results will be given further in 

this thesis. 

4.3 GROWTH BY OMCVD TECHNIQUE : 

We nov discuss the growth of ZnSe on silicon and on GaAs 

substrates using OMCVD technique includinq all the stepa involed 

j n the proeess. 
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Cleaning Procedure: 

1 ln this study, the substrates employed were those of silicon 

(100) and chemically polished semi insulating gallium arsenide 

with (100) orientation. The first step is to clean the substrates 

in order to remove aIl the residual grease and the organic 

material off the surface of the sample. This was done by first 

rinsing the substrates of silicon and gallium arsenide in a 

beaker containing trichlroethylene (TeE) preheated to 60°C, for a 

period of ten minutes. This was followed by further rinsing of 

the substrates for 5 minutes in acetone. Finally, the substrates 

1 

were washed with de-ionised water and dried using spinner for 30 

seconds. Twizers used for this purpose were thoroughly cleaned 

prior to the handling of these substrates with acetone and de-

ionized water. Hand gloves were used to avoid dust contamination 

and all the cleaning took place under the fume hood. The quartz 

tubes used for the heat treatment was cleaned with a solution of 

aqua regia. 

Etching Procedure: 

In order to minimize the surface defects, the silicon and the 

gallium arsenide substrates were chemically etched using a 

standard solution of (H2So4 H202: H20 ) in the proporation of 

5:1:1. The substrates were then washed with deionized water and 

blown dry prior to insertion in to the OMCVD reactor.lt is aiso 

important to etch away the excess ZnSe deposition from the wafers 

and the walls of the reactor completely. For this purpose, the 

standard technique applied in the previous case cannot be applied 
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because it has been reported by Gunther et al. [35) that the ZnS. 

films conta in less vacancies which pose serious problems to 

etching it trom the substrate surface without destroyinq the 

surface properties. Also, studies have shown that dilute 

hydrochloric acid (Hel) can be used with fair aroount of success. 

However, small çuantities of H202 has been successively used for 

large c1n~a etching al though traces of film 'IrIere le ft unetched 

owinq to the presence of small number of vacancies. 

4.4 OMCVD GROWTH OF ZnSe FILMS ON si AND GaAs SUBSTRATES : 

As described earlier, OMCVD ls a process where one of the 

reactants in the fOrIn of metalorganics is transported to the 

surface of the substrate placed in the evacuated reaction chamber 

with the help of a carrier gas. Metal organics are the compounds 

with the metal covalently attached to hydrocarbon chaina as in 

the case of dimethyl zinc (DMZ). Hethyl chains are the most 

commonly used hydrocarbon group and often are the source of lower 

valence elements from the group II, III and V of the periodic 

table. Near the surface of the heated substrate, the cracking of 

the bond takes place, relelsing the metal which immedlately 

combines with the hydLogen based compound forming the desired 

prodct that gets adsorbed onto the substrate. However 1 in some 

cases such as ZnSe, the compound formation takes place prior to 

reaching the substrate and gets chemisorbed to the surface by the 

act of linking chemical bonds. The epitaxial growth begins when 

the adsorbed atomes) or molecule(s) combine together by forming 

stable covalent bonds between them thus initiating the process of 
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nucleation. The adsorbed atoms a1so diffuse across the surface by 

the enerqy imparted to them from collisions with solid surface 

atoms thermally '/ibrating about their mean position. Thus it is 

not only the growth kinetics that govern the nuc1eation but also 

the physics and chemistry of the growth process. 

4.5 OMCVD GROWTH SYSTEM: 

Volatile organometa11ics stored in stain1ess steel bubb1ers are 

cooled to their liquid temperatures sa that control on transport 

may be exercised. High purity hydrogen gas is passed through a 

purifier prior to being bubbled through meta10rganics in order to 

carry its vapour to the reaction .chamber. Hydried sources were 

taken direct1y from their gas cannisters along a stainless steel 

piping network directly to the chamber. Each reactant used has 

its own port to the central chamber to ensure that the mixing 

occurs only inside the chamber. All the f10ws were properly 

regu1ated by electronically contro1led flow regulators. All the 

valves connecting the stainless steel tubings were thoroughly 

sea1ed in order to prevent gas leakages. It is also extremely 

important to exercise great care while the unit is in operation 

because any form of damage could be extremely hazardous owing to 

the toxie nature of the gases involved. Fig. 4-8 shows the actual 

design of our OMCVD unit used to grow the ZnSe films. 

The system consists of different inlets to the main reaetion 

chamber for transporting various reactants. Stainless steel 

tubing of one eighth inch diameter was used for the piping 
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network jeined by steel valves and controllers to control 

precisely the pressure and the mass flow rates of reactants. 

Injection cells were incorporated for the purpose of dopant 

injection during the growth. A vertical reaction chamber 50 mm in 

internal diameter and 90 mm long is used to obtain a uniform gas 

flow pattern near the substrate. A graphite suceptor heated with 

a halogen lamp and accompanied by an electronically controlled 

thermocouple is ~sed te heat the substrate. The maximum surface 

temperature attainable was upto 800oC. This system was operated 

at a pressure of 1 torr. Volatile liquids of DMZ and TMG were 

held at 25°C. AlI the reactants to the chamber were mixed and 

introduced into the reaction chamber from a single gas line, the 

outlet of which was located at 100 mm above the substrate. The 

gas flow was monitered through mass flow control 1er 

pressure controlled with pressure control 1er valves 

growth temperature had a range from 300 to 350°C. 

(MFC) and 

(PC). The 

4.51 Preparation and purification of Alkyls for II/VI Compound 

Semlconductors: 

Purity of semiconducting layers is determined by the purity of 

the precursors (metal alkyls or hydrides). In the preparation of 

dimethyl zinc (DMZ), there ls a possibility that copper 

contamination may occur. Lewis et al. [J6] devised a technique 

of synthesizing DMZ from a reaction of zinc cl1loride with methyl 

iodide in high boiling ethers. The reaction proceeded smoothly 

and high yields of methyl zinc was achieved after distillation. 
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In achieving reproducible qrowth of high quality ZnSe by MOCVD, 

it is important te prevent premature reactions by selecting 

appropriate source material combination. It has been well 

established that zinc alkyls and hydrogen selenide react easily 

even at room tempe rature forming ZnSe powder on the reactor wall 

before they reach the surface. The use of a double alkyl zinc 

helps in minimizing the formation of the adduct (37]. 

It has been also noted that at higher tempe ratures the growth 

rate i5 independent of growth temperature. At lower temperatures 

the growth rate changes exponentially wi th tempe rature . This 

implies that the diffusion controlled mass transport-limited 

growth and kinetically controlled growth takes place at 

temperature higher and lower than 400 0 C respectively. The ideal 

growth temperature for OMCVD grown ZnSe is in t.he range of 300-

400°C. We will now discuss in brief the steps involvf:,d in the 

growth of ZnSe and GaAs using the MOCVD sustem. 

The reactor shown in figure 4-8 lS used for the growth of GaAs 

and ZnSe. Although no deposition of CJallium arsenide was made 

since GaAs and silicon substrates were used directly in the 

reactor 1 only a brief account of GaAs deposi tion will be 

outlined below. 

Trimethylqallium (TMG) is used as a source of gallium and arsine 

AsH3 is used as a source of arsenide for the deposition of GaAs 

in this technique. The substrate te be used is loaded into the 

reactor on the graphite suceptor anè the chamber i5 evacuated to 

a 10w pressure of the order of l torr. The substrate is then 
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etched thermally in the reactor with the carrier gas (hydrogen) 

at a fairly high tempe rature for about 30 minutes. The flow rate 

is normally maintained at 1.5 litres/minute. After etching, the 

substrate is slowly cooled to the growth temperature. The 

substrate tem~erature is monitered by an electronically 

controlled thermocouple. When the tempe rature approaches near the 

growth point, the valves of the TMG and AsH) are opened and the 

gas flow monitered at proper flow rate. With these conditions of 

growth no unwanted deposition occurs upstreams. 

The actual mechanism lies in the fact that TMG first decomposes 

by the successive removal of methyl radical giving gallium in the 

vapour forro which combines with arsine to form GaAs. The equation 

of the reaction ls as follows; 

(CH3)3Ga + AsH3 ------> GaAs + 3CH4 

Owing to the tight covalent bond between the metai and the 

hydrocarbon and between the arsine and hydrogen it is not 

necessary always that the decomposition be complete. This 

situation often leads te the formation of adduct such as arsenic 

hydride. These problems can however, be resolved by using 

hydrocarbons such as diethylzinc and diethy15elenide where the 

bonding i5 relatively weaker. 

In arder to achieve the films of requi~:ed type of conductivity 

doping can be done only at the growth stage by introducing 

appropriate dopants in the gaseous form into the mixture over the 

surface of the substrate. Excess H2Se could be used to produce 
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n-type and excess DMZ for p-type layera. Depending upon the need, 

sui table dopants in the form ot gas also can be employed. 

However, the actual mechanism and the reactive kinetics involved 

here ls net weIl understood. TMG was kept at -lOoe and arsine 

diluted in hyd't"ogen to within 5 " was kept at maximum flow to 

establish the necessary arsenic over pressure. AlI the samples 

were grown under low pressure and the average growth rate was 

about 2.5 microns per heur. A vertical quartz reactor was used 

with success in growing epilayers of n-type with carrier 

concentration of 1019 cm- 3 and p-type with 1015 cm-3 • A home made 

graphite pedestral was mounted at the centre of the cylindrical 

quartz reactor tube of 5 cm diameter and 15 cm in length. The 

graphite susceptor was heated with a halogen lampe The quartz 

reactor allowed for an easy cleaning and efficient fluid 

dynamics. 

We now discuss the growth of ZnSe epilayers. The procedure 

remains the same as discussed for the case of gallium arsenide~ 

The layers of ZnSe were grown successively on both silicon (100) 

and SI gallium arsenide substrates of (100) orientation. 

Substrates were cleaned by the standard technique as described 

earlier. In thts case layer~ wcre grown using palladium diffused 

hydrogen through DMZ cooled to -lOoC and mixing the metal organic 

vapours with hydrogen selenide gas diluted in hydrogen within the 

reaction chamber. The reaction equation ia as under; 

(CH3)2Zn + H2 Se ------> ZnSe + 2CH4 

The suitable tempe rature ls around 350°C. Sritheran et al. [38] 
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reported that reaction between OMZ and H2S. at roo. tempe rature 

can have a disadvantage. This disadvantaqe is the formation of 

the product which reduces the flov of reactants to the growth 

surface by condensinq out of the gas stream. This difficu1ty 

hovaver , vas overcome by introducing the reactants into reaction 

chamber separate1y and a110vin9 the mixing to occur close ta the 

surface of the substrate there by protectinq layer quality and 

surface morpholoqy. Conductive layers of ZnSe vere grown by using 

excessive H2Se which makes it n-type. Growth rate varied from 1 

to 3 microns per hour. At lov substrate tempe ratures resistive 

layera were grown owinq to the greater partial pressures of Se 

compared to that of Zn. This favours the creation of acceptors 

and as a consequence of self compensation. However, the films 

grown on GaAs substrates shoved conductive n-type layera which ve 

believe ls a result of diffusion of Ga from the GaAs substrate 

into the ZnSe deposit. Tha suitable temperature was found to be 

around 350°C. In addition it vas found that the the conductivity 

increased vith the layer thickness. In some cases Hel was a1so 

used as a carrier gas vith hydrogen. We nov discuss the sequence 

of growth of ZnSe on Si and GaAs substrates. 

4.52 steps Involved in the Growth Process : 

1) Both silicon and gallium arsenide substrates vere thoroughly 

cleaned chemically using proper reagents as out1ined before. The 

substrat. vas mounted on the graphite suceptor and thermally 

etched at relatively high tempe ratures in the presence ot a 

carrier gas. 
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2) Arsine tlow was initiated over the substrat. as th. substrate 

was coaled ta the tempe rature ot qrowth (around 350oC) in order 

to prevent elemental arsenic out gassing in the vicini ty of 

growth. 

3) Appropriate flow rates of al1 the gases used in the process. 

The typical flow rates employed for the various qrowth rates are 

indicated below. 

Hydrogen carrier qas 

Hydrochloric acid 

Dimethylzinc 

Hydrogen selenide 

Substrate temperature 

Transport distance 

Average growth rate 

1 l/min. 

0.8 ml/min. 

2.5 ml/min. 

15 ml/min. 

200 to 6000 e for silicon 

250 to 4000 e for GaAs 

9 to 6 cm. 

o • 5 to 3. 0 y.m/h 

4) Upon the termination of the deposition, the OMZ and the H2Se 

gases were by-passed te the exhaust and the linea closed by 

shutting the inlet valves. The substrate was cooled to room 

temperature befere the air let into the chamber. 

5) The quartz reactor was dismantled and the walls theroughly 

etched using dilute HCl ta scrap off all the deposition Along the 

surface, for further deposition use. The samples were then 

examined for electrical and optical characterization. 

The nert step in the process was the external contact to the 

epilayers for the electrical measurements. 
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4.53 Ohmic contact to GaAs: 

In thi. study ve used the indium contact ta the substrate of 

GaAs. A thin layer of indium vas evaporated to the back side of 

the vafer by a vacuum evaporation technique. Au:Ge alloy has also 

been widely used for contact to gallium arsenide substrate. After 

the indium evaporation, annealinq vas carried out as described 

below. 

4.54 Ohmic contact to ZnSe: 

Indium was alsa used as contact to ZnSe side because it makes a 

barrier of 0.91 eV with ZnSe which is the second lowest to 

aluminum which has a contact potential of 0.74 eV with ZnSe. But 

Al is not widely used owing to its readiness to oxidation. In 

order to make indium contact ta ZnSe side, the wafer was wrapped 

in an aluminum foil which essentially serves as a mask, 

eontaininq small openings of about 1 mm diameter at several 

places for indium evaporation. 

After indium ,~vaporation as stated before, the mask was removed 

from the surface. The sample was then heat treated in a small 

tube furnace at 2500 C for live minutes in nitrogen atmosphere. 

This ensures the proper diffusion of indium in te bath ZnSe and 

GaAs sides of the sampie. The furnaee was connected to the 

exhaust ta avoid the taxie arsenic vapour that could emerge fram 

ZnSe epilayers. The wafer was then eut earefully using a scriber 

into smaller segments af approximately 5*5 mm2 to obtain fev 

diodes of ZnSe:GaAs and ZnSe:Si respectively. 
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4.6 External Contacts : 

External contacts for measurements 1 ta the waters were made by 

silver painting ends of copper wire and soldering them with 

indium to both sides of the samples. 'this completes the 

description of the growth proeess. In the next section we 

describe the characterization of these samples. 

For charaeterization, different samples grown with varying 

conditions of growth have been used. The analysis ia mainly based 

on the results obtained from the different characterization 

techniques discussed next in chapter 5. 
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5.1 Thickness , X-ray Measurements 

After the growth of the film, the thickness of the samples were 

measured using a OEKTECK surface profiler. For this purpose 

samples were etched at one corner carefully with a sultable 

etchant and the thickness measured at the edqe between the etched 

and the non-etched regions with the help ot the movinq probe. The 

measurement was recorded on the chart paper and the thlckness 

determined from the step height. The samples were then studied 

for resistivi ty usinq the four point probe method. As stated 

earlier, in all the cases, the resistivity of the films grown by 

vacuum evaporation techn\que showed very high levels of 

resistivity on both glass and silicon substrates. The next step 

was to study the crystallinity and possible orientation of the 

qrown films on the substrates. The X-ray diffraction spectra are 

shawn in figures 

evaporation. 

5-1 to 5-3 for samples grown by vacuum 

X-ray Technique : 

For ZnSe grown on glass 

observed at 29 "'" 26.92°. 

sample SGZ l, an intense peak was 

Another peak with smaller intensity 

occurred at 13.10 and can be attributed to that corresponding to 

the silicate. However, no other peak was registered beyond 27 0 

Sample SGZ 2 (ZnSe + 5\ 1n2S3) showed most intense peak at 27.02 0 

and sample SGZ 3 (ZnSe + 3' In253) exhlbited peaks at 27.38°. 
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All these results show a possibility ot (111) growth ot ZnSe on 

qlas8 substrate. The ott-set ot the order of +0.3 degreea ahould 

be accounted to correct for the atrain on the films durinq the 

crystal growth. 

Figures 5-4 to 5-5 shows the x-ray spectra of ZnSe/Si grown using 

the vacuum evaporation technique on two silicon substrates having 

(100) orientation. The spectra exhibited several peaks at 

different angles. Two intense peaks were observed in both these 

sampIes, one at 26.80 corresponding to ZnSe (111) and the other 

at 65.9° corresponding to Si (400) substrate, indicating a growth 

ot (111) ZnSe on these substrates. However, Issa intense peaks 

were observed at 44.9° and 53.)0 degrees 28 respectively which 

possibly could have resulted from different orientation such as 

(022) and (113) of the film. Only (111) peaks cf ZnSe of these 

samples are shown on page 62. 

The results of the diffraction studies on films grown on quartz 

and saphhire using OMCVO are also presented below. For the films 

grown on the quartz substrate four peaks are found: 27.2°(111), 

42.350 (022), 53.650 (113) and 65.9°(004). AIl peaks correspond to 

ZnSe. The films grown on the saphhire also exhibited four peaks 

mainly at : 26.82, 44.92, 53.2 and 65.62 degrees respectively. 

These results suggest a possibility of monocrystal1ine growth of 

ZnSe films on these substrates. Figures 5-6 and 5-7 show the 

X-ray spectra of the above samples. 
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The crystalline quality of the qrown films were charactrized by 

using X-ray diffraction technique. The X-ray pattern trom a (400) 

plane (parailel to (100) plane in a real lattice) of the 

substrat. and patteren trom other orientation of the film has 

been discussed. The lattice mismatch between ZnSe and Si is 

approximately 4\. The substrates used were low reslstivity Si 

with (100) orientation. The substrates "Mere cleaned "Mi th the 

standard techniques as described before and chemically etched in 

the vacuum chamber at soooe for JO minutes in the presence of a 

carrier gas such as hydrogen to remove aIl surface oxides. 

X-ray diffraction res'ul ts of ZnSe grow'n on si us ing OMCVD have 

been presented for six different tempe~atures startinq from 200°C 

as shown in the figures 5-8 ta 5-12. In aIl the cases the same 

x-ray beam intensity was maintained and the scans were run 

between 29 - 5 to 700 in arder to ensure aIl the major peaks that 

could be expected out of different orientations resultlng trom 

the film and the substrate. The substrates of silicon used in 

this study had the orientation of (100) in all the cases. The 

sample grown at 200°C shows an intense peak ât 26. 64() and a 

significantly less intence peak at higher angle of 53.3°. However 

no other peaks were observed in the range studied. This indicates 

that the film has an orientation of (111) on (100) Si S~jstrate. 

The X-ray spectra at JOOoe shows very clearly two intence peaks 

oue due to ZnSe at 26.9° and the other due to silico'o at 68.80 

indicatinq the qrowth of (111) ZnSe on (lOO) Si. Two other peaks 
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of almost negligible intensity appearad as saan in the fig. 5-9. 

Also the peak haights were more prounced than the one grown at 

200°C. 

The X-ray spectra of the sample grown at 4000 C has been shown in 

fiqure 5-10. It ia evident trom the figure that aIl the peaks 

observ'dd before appeared but this time the peak height variation 

was noticeable trom the Zn!>e (111) orientation and the si (100) 

due to the substrates. The height of ZnSe peak lowered vith the 

increase in the temperature and that of silicon increased 

correspondingly showing the affect of growth temperatura on the 

degree of crystallinity of the film. 

The X-ray spectra at 500 & 6000 C ohov the further reduction in 

the peak height of ZnSe at (111) orientation and increase in 

S1(100) peak height are compared to what has been observed before 

for lower temperatures. These results are very use fuI to 

determine the optimum growth tempe rature range to grow good 

quality crystalline ZnSe films for further study. Figs. 5-11 and 

5-12 show these spectra. 

In order ta determine the suitable growth temperatures, the 

ratios of peak heights wi th respect to (113) and (004) peak 

heiqhts were considered. These ratios were then plotted as a 

function of tempe rature as shown in the figs. 5-13 and 5-14 

respectively. The plots clearly indicate that the suit~ble growth 

11 temperature is around 300°C. Further growth experiments of ZnSe 
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were carried out at around 300 and 350oe. HCl was used as a 

carrier gAS and a fairly thick layer of ZnSe (about 5 microns) 

was grown and the substrate was etched for 30 minutes at gOOOe 

using a mixture ot HCI .... H2 carrier gas prier ta the growth of 

ZnSe. DMZ was used as a source of zinc. The x-ray results show a 

prounced peak at 27.30 and other less intence peaks at different 

orientations indicating the good crystallinity of tha films. 

It was also noticed that anneal ing had a significant effect on 

the samples grown at 350°C. Before annealinq the sample grown at 

350°C showed less pronounced ZnSe peak than the one grown at the 

same tempe rature after annealing at 700°C for )0 minutes in the 

presence of H2 carrier gas supplied at the rate of l litre/min. 

AlI these initial experiments gave a good idea about the 

different growth parameters to be used in order to grow good 

quality ZnSe films on the GaAs substrate as discussed further. 

ZnSe films were grown on GaAs using pulsed OMCVD technique. The 

crystalline quality of the films were tested by x-ray analysis. 

The substrate had a orientation of (100) and the films showed a 

consistent structure with a (100) preferred orientation. The 

X-ray analysis was done in the range of 60 to 700 (29), whe.ce 

reflections from (400) planes of bath substrats and the film can 

ba resolved very distinctIy. Fig. 5-15 shows three peaks very 

distinctly resulting from a 3 micron thick layer of ZnSe on GaAs. 

These three peaks are due to the combination of the two X-ray 

line kc:1.l. and ktt~ and of the (004) planes of ZnSe and GaAs wi th a 
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0.3 0 off-set, possibly from the characteristics of the X-ray 

diffractometer used. This further suggests that the quùl i ty of 

the (100) ZnSe layer is good. The X-ray spectrograph of the 

sample 2 1S also shawn in figure 5-16. The splitting of the lines 

appeared at the same angles as observed in the first case w1th an 

off-set of 0.3°. 

5.2 PHOTO-ELECTRIC MEASUREMENTS 

The photo-electric prop8rties were obtained by shining 1 ight on 

the above samples as shawn in the figure 5-17. The range of 

wavelength was from 400 ta 1000 mn. Bath short circuit phot.o

current and open circuit photo-voltage measurements were made on 

these samples. Figure 5-18 shows the normalized open circuit 

photovoltage of a layer deposited on an n-type GaAs layer with n 

= 1016 cm- J . The curve shows a sharp increase of photo vol tage 

with wavelength upto 550 nm and shows nearly a saturatlon until 

850 nm corresponding to the band edge of GaAs and then drops 

abruptly to almost zero volts around 1000 mn as seen from the 

plot. The photovoltage observed for energies below the band edge 

of GaAs can be attributed either to donor impurity band ln the 

GaAs or to deep levels pres~nt wi thin the ZnSe. However, the 

actual mechanisfù is not understood. The voltage corresponds ta 

positive palarity on the ZnSe slde and the negative polarity on 

the GaAs side of the junction. Fig. 5-19 shows the corresponding 

short circuit photocurrent of this diode. These results are 

consistent with the proposed rnodel. 
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The photo-electric measurements made on sample 2 also exhibit the 

similar characteristics but the transition in the photocurrent 

seems ta be more abrupt than the former. The open circuit photo 

vol tage measurement on this sample shows. a narrow peak compared 

ta the f irst diode. These have been shawn in figs. 5-20 , 5-21. 

5.3 I-V CHARACTERIZATION : 

The next step in this study was the electrical characterization 

of the diodes. For this purpose several diodes were fabricated by 

growing conducting n-type ZnSe films of different thickness 

ranging tram 0.2 to 3 microns on SI GaAs substrates with (100) 

orientdtion. The doping of the ZnSe films was of the arder of 

n : 2 • 10 19 cm-Jo Indium contacts were then alloyed to both ZnSe 

and GaAs sides of the diode using a 10w temperature soldering 

gun. The diodes had a surface area of 3 square mm. An attempt was 

made to heat treat the contacts in the presence of inert gas at 

200°C for ) minutes. However, no signif icant change in the 

electrica l eharaeteristics were observed as a resul t of heat 

treaterr.ent as se en from figs. 5-22 and 5-2J, on a diode 

fabricated by growing a thin epilayer of ZnSe (of the arder of 

0.2 to 0.8 microns). The measured raom tempe rature mobility was 

300 cm2 jvolt. sec. 

5.31 Forward Bias: 

Figure 5-24 shows the I-V characteristic of diode l with a 

positive poldrity on ZnSe side of the device. Linear I-V for thls 

diode shows rectification. This diode shows an exponential 

current behaviour over a range of 5 decades. A simple diode 
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equation can he expressed as follows. 

l - Io (exp qV/nkT - 1) 

86 

where "n" ls the ideality factor and the other symbols have their 

usual meaning. The ideality factor for a normal diode is 1.0. 

In arder to include the observed effects su ch as shunt resistance 

(Rsh) and series resistance (Rs), the above diode equation has ta 

be modified. For this purpose, a modified empirical formula ls 

used (39], which would fit the observed experimental data, for 

forward bias. The empirical analysis is based on the expression 

l - V/Rsh = 10 { exp[qVjkT - qRs/kT (I - V/Rsh») - l ) + V/Rsh 

where the symbols have their usual meaning. This formula is in 

ccmjunction with the equivalent circuit model as shown in the 

insert of fig. 5-24 taking into account all the branch currents 

flowing through the network. Eowever, for a given I-V plot, the 

values of Rs, Rsh, qjnkT and la can be evaluated. The ideality 

factor for diode l was found to be 1.67 and was 2.05 for diode 

2. For diode 1, as sean by t:he linearity of the curve, the 

exponential behaviour of current is upto 5 decades and the series 

resistance does not dominate the I-V characteristic. However, we 

notice that the shunt resistance has a pronounced effect on the 

I-V characteristics. With these parameters, the above expression 

can be used to fit the data. For diode 2, as shawn in fig. 5,·,25 

for the forward bias, the eX,?onential behaviour of current is 

seen over about 4 decades and the series resistance effect seems 

to b~ ~ominant in the high çurrent range. The leakage current in 

thLS case do~s not dominate the I-V characf:::ristics and can be 

neglected. In figs. 5-24 and 5-25 the solid curve is the one 



T 

87 

obtained by f itting the data using the above equation and the 

broken curve ia the one obtained experimentally. It ia evident 

that both the results agree very well. The tollowing tab~e 

summarizes the value of parameters that fit the data for these 

diodes. 

Table 2 I-V Results for Forward Bias 

Diode 1 

Diode 2 

Rs (ohm) 

1 

5 • 10 3 

5.32 Reverse Bias: 

Rsh (ohm) 

5 • 105 

10 (amp) 

3. 05 • 10-8 

1. 77 .. 10-3 

Fig. 5-26 shows the reverse biased characteristics for both 

diodes land 2 respectively. The current does not saturate as it 

does in the case of a lightly or moderately doped p-n junction. 

The reverse curre'lts were fitted to the data 

l = Iro exp -A/(V + Vo )1/2 ) 

where, Va is the barrier height and Iro and A are adjustable 

parameters. This expression is deduced from the tunneling 

through a barrier of height Vo. Both the diodes fit the data with 

the following values for the empirical parameters as shown in 

table 3 on the next page. 
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Table 3 I-V Results for Reversed Bias. 

Ira (amp) A(VI/2) Va(V) 

Diode 1 1.29 * 10-6 15.1 0.7 

Diode 2 348.0 * 10-6 28.3 0.7 

These values are consistent with the experimentally obtained 

values by Walsh et al. (40). This value of Vo is close to the 

value proposed earlier by Ludwig et al. (41J corresponding to Va 

= 0.5 V. Hence we believe that the reverse current is due to the 

the tunneling mechanism. 

5.4 C-V MEASUREMENTS : 

For the C-V measurements, a thin layer of ZnSe (1 micron) was 

deposited on the GaAs substrate. The carrier concentration as 

determined by the Hall effect was 2*10 16 cm- 3 . The rneasurements 

were carried out with the help of LCR meter and 1/C**2 value was 

computed for each voltage. The pIotter connected ta the system 

was used to plot the curve. Two diodes were tested for this 

purpase. The plats have been shawn in the figs. 5-27 and 5-28 for 

diodes 1 and 2 respectively. These plots show that the 

capacitance decreases in bath the cases as the value of reverse 

valtage.is increased and increases for the forward bias. This 1s 

very weIl expected because the capacitance has a inverse square 

root dependence with the voltage. The slope of the straight line 

allows an evaluation of Nd while the extrapolated intercept with 
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the abcissa gives the voltage. However, in the plot, we notice 

that the curve has more than one slope indicating different 

values of diffusion potential and also indicates that the donor 

concentration (Nd) is not quite uniform in the epilayer. This is 

due to the difficulty to achieve uniform \\~oping in the growth. 

The values obtained from the experiment~l data for Nd are 

tabulated below. 

Table 4 Nd values as determined by C-V analyshl. 

Diode l 

Diode 2 

0.16 • 1016 cm-3 

0.28 • 1016 cm-3 

2.8 • 1016 cm-3 

5.5 PHOTOLUMINESCENCE SPECTRA (PL): 

The analysis of PL spectra gives information about the impurities 
r 

present and the native defects incorporated in the material. The 

spectra has been analysed inlight of the standard spectra of bulk 

ZnSe as shown in insert of fig. 5-29. PL spectra of our samples 

were studied at low temperatures corresponding to 6 K and high 

temperature corresponding to 300 K. 

Figure 5-29 shows the PL spectra of diode l at 6 K. This showed 

peaks at 2.80 eV due to free exitons and a second less intense 

peak at 2.79 eV due ta bound exiton. At 300 K, a peak appeared at 

2.70 eV due to edge emisslon (lLO) and a broad emission peak 

identifled as self-activated (SA) emission spectra at 2.108 eV. 
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This shows the (SA) peak became negligible at low temperature. 

This spectra was obtained at low excitation coditions because low 

excitation is suitable for the assessment of the deep centres in 

ZnSe. Also, the presence of intense peak at 6 K indica~es that 

the sample has a shallow d~nor impurity of about 1016 cm- 3 • The 

PL spectra of the same diode obtained at 300 K has been shown in 

fig. 5-30. 

Figure 5-31 shows the PL spectra of diode 2 at 7 K. Two prounced 

peaks were observed in the short wavelength region, one at 2.80 

eV and the other at 2.78 eV. From the standard analysis, it is 

evident that the first peak is due to the radiative 

recembinations of free exi tons (X). The second intense peak is 

due to the radiative recombinatien of bound exitons at a neutral 

doner (OO,X)o This peak i5 generally associated with the 

impurities such as Ga, As and Al added in the film during the 

growth, to ilùprove conductivity. The sarne sample showed three 

peaks at 300 K at 2.69, 2.60 and 2.56 eV re5pe~tively as shown in 

fig. 5-32. From comparasien, we can see that these peaks fall in 

the band edge emission region and arise from the radiative 

recombination of electron and hole bound to a distant donor

acceptor pair. In comparas ion with the bulk ZnSe spectra, OMCVD 

grown ZnSe has no detactable acceptor impurities CA like) and 

also shows only small concentrations of impurities. 

It has been reported [42] that the peak intensity ratio 'R' 

between narrow near band edge (NBE) and SA luminescense for OMCVO 
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ZnSe iB « 25, indicating thereby a low concentration of 

crystalline defects. This can be greatly attributed te the low 

qrowth tempe ratures (typical growth temperature was 3000 C). 

These facts are aloo seen for diode 2, which shows relatively 

smaller concentrations of SA centres and Vzn defects at 300 K. 

5.6 SEM ANALYSIS : 

A typical photomicrograph of the ZnSe thin films (thickness 3 

microns) on a (100) si at 250°C 15 shown in the fig. 5-33a. It ls 

seen that the surface ls rough at this growth temperature. Below 

250°C, wc noticed a twin formation on the surface. Also shown i5 

a photomicrograph of a second sample grown at 300°C in figure 

5-33b. Good quality ZnSe films were obtained between 250 and 

4000 C indicating the proper growth temperature. This concludes 

the discussion on various characterization. 

5.7 ENERGY BAND MODEL : 

Based on the above described experimental results, a band model 

is proposed for the ZnSe:GaAs structure (fig. 5-34). The energy 

band model for the junction is consistent with the structure 

first proposed by Mach and Ludwig [42]. In this model, the GaAs 

side is depleted of electrons and the ZnSe side with accumulation 

of electrcns. The calculation presented in this work yielded a 

barrier height of 0.7 V which agrees well with the above value 

reported by other workers. 
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Growth and characterization of ZnSe layers on GaAs and si 

substrates have been reported. The physical parameters of GaAs 

and ZnSe as described in the previous chapters are useful for the 

understanding of the material properties. ZnSe thin films grown 

on silicon and GaAs are shawn te be high quality as determined by 

X-ray diffraction technique. The films grown using vacuum 

evaporation technique helped in understanding the basic nature of 

the ZnSe thin films on different substrates. 

A literature review gave an insight into all the aspects involved 

in the OMCVD technique for growing a good quality epitaxial 

layer. We were able to produce good quality films with a minimal 

residual impuri ty as determined by the PL spectra 0 The C-V 

charactrization allowed us to estimate the don or concentration. 

We noticed that the carrier concentration over th~ entire layer 

is net very uniform. The photoresponse and the I-V 

characteristics are consistant with the proposed band model for 

the n-ZnSe: n-GaAs structure. The morpholagy of the OMCVD grown 

ZnSe on si substrates showed a uniform growth at 250 and 300oC. 

Although the above analysis shows satifactory results, it i5 

extremely difficult to obtain reproducible growth. There are many 

factors in the growth proces5 that needa attention. Sorne of them 

are outlined below : 

1] Cleanliness at every stage of fabrication is extremely 
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important because any contamination in the film could drastically 

11 affect the electrical ch~racteristics. 

1 

2] Ohmic contacts to the epilayers are very important in 

determininq the properties. 

3] If the system pressure is not maintained properly, there could 

be a danger of oxide contamination in the grown layer. In fact 

some cf the fllms appeared to he rouqh and the morpholoqy was 

poor. 

All these factors together make it important to exercise lot of 

care at all the stages of qrowth and characterization. We believe 

that the hetero structures su ch as ZnSe:GaAs will find 

applications in opto-electronic devices hecause of the blue light 

emitting properties. 
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