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THERMAL DECOMPOSITION OF INDIUM PHOSPHIDE IN VACUUM AND
ATOMIC HYDROGEN ENVIRONMENT

The thermal decomposition of indium phosphide has been investigated by Auger-electron
spectroscopy and mass-spectroscopy. Scanning electron microscopy has been used for study
of indium islands growth on surface of the compound semiconductor. The role of atomic
hydrogen in processes of decomposition and growth of metallic islands was determined by
comparing with these processes under vacuum.

Key words: indium phosphide, atomic hydrogen, thermal decomposition, scanning elec-
tron microscopy.

INTRODUCTION

It is now well established that the interaction of atomic
hydrogen with clean InP surface leads to a decomposition
of the substrate [1–3]. There are two successive stages of
the interaction. During first interaction stage H-atoms binds
covalently to the substrate and saturates surface unit cells
[1, 4]. The second interaction stage leads to a decomposition
of the substrate [2]. Auger Electron Spectroscopy (AES)
measurements have shown that the ratio of the intensities
of the P(120eV) and In(410eV) peaks decrease during the
exposure of indium phosphide in atomic hydrogen. The
confirmation of a metal presence on the surface was given
by Photoemission Yield Spectroscopy (PYS), too. The
adsorption stage of the interaction and the decomposition
stage are contiguous at doses of hydrogen exposition about
5 –104 L. In accordance with estimations in [1] the number
of hydrogen atoms reaching the sample during an exposition
104  L is 1015 atoms/cm2. The techniques based on high
frequency discharge in wet hydrogen allows to obtain 1014–
1015 H-atoms per cm3 and its flow to sample surface about
1019–1020 atoms s–1 cm–2

The aim of this report is to present the investigation
results of influence of high concentration of atomic
hydrogen on the decomposition and the metallization
process of indium phosphide.

EXPERIMENTAL

The vacuum equipment and experimental conditions have
been described in details elsewhere[5]. We recall that the

expositions of InP samples have been carried out in a
specially designed vacuum chamber (reactor). To this
chamber via diaphragm the monopole mass spectrometer
MX7304A (produced by «SELMI», Ukraine) was connected.
Such construction gives an opportunity to record a real-
time mass spectra of the gas components. The wet hydrogen
fed a discharge vessel, which was connected to the reactor.
The hydrogen was excited by high-frequency discharge.
During experiments the normal working pressure of gases
in the reactor was at the level of 10…25 Pa and a base
pressure in the spectrometer chamber was of about 10–5 Pa.
The maximal concentration of atomic hydrogen was at the
level of 1015 cm–3.

The samples were cut from n-type InP single crystals
(n=1,1 1017 cm–3 (111)). The standard surface preparations
before exposition to the gas mixture in reactor were chemical
polishing in a bromine-methanol etchant and successive
rinsing in bidistilled and deionised water. During exposition
the distance between the discharge and semiconductor
sample was about 20 cm that produced conditions for
termalization and deionization of gas particles moving from
the discharge to the sample.

RESULT AND DISCUSSION

Decomposition. The effect of the high-intensity flow of
hydrogen atoms on the decomposition of indium phosphide
has been investigated by mass spectrometric method.

The experiments showed that the heating of InP surface
up to 800K in hydrogen environment without discharge did
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not change the composition of the system gas phase. At
higher temperature the diphosphorus molecules were
detected. None of the gas hydrogen-phosphorus species
were discovered up to 1000 K.

The dependence of diphosphorus partial pressure as
function of temperature was similar to that observed during a
dissociation of indium phosphide in vacuum. The dependence
depicted as Arrenius plots is shown on fig.1 curve (a). From
the slope of the curve (a) we have found that the enthalpy of
reaction InP

(sol)
 In

(sol)
+1/2P

2(gas)
 at 298 K is about

36,9 kcal/mole. It is close to the standard value for this
reaction [6]. Probably, the decomposition of indium
phosphide in such system is caused by a simple dissociation
of the compound.

The exciting of hydrogen by high-frequency discharge
added the atomic hydrogen to the system. The exposition
of indium phosphide at maximum concentration of the atomic
hydrogen caused a drastic change of the process of indium
phosphide decomposition. The temperature of the beginning
of the decomposition was lower than that for vacuum or
molecular hydrogen medium. In our experiments this
temperature for both vacuum and unexciting hydrogen was
close to 800K and it was reduced by 230 K in the presence
of atomic hydrogen. Moreover, in mass spectra both the
phosphine and the diphosphorus were observed
simultaneously. It is really nothing new to find the PH

3

molecules in the systems similar to H/InP. But an appearance
of diphosphorus in gas phase at such a low temperature as
570 K was detected for the first time. Finally, the figure 1(b)
shows the dependence of diphosphorus partial pressure in
the system with atomic hydrogen. Both a shift of the curve to
low temperatures and a change of the curve slope are evident.
In this case the enthalpy of reaction InP

(sol)
In

(sol)
+1/2P

2(gas)

at 298K was estimated as 9,32 kcal/mole that is strongly
differed from the standard value.

It has been experimentally established that during thermal
dissociation of indium phosphide the P

2
 and P

4
 species are

Fig. 1. Dependence of diphosphorus partial pressure as
function of temperature:

a) during InP dissociation in vacuum or molecular hydrogen;
b) during InP exposition in hydrogen environment with

concentration of H-atoms about 1015  cm–3

initially forming because they are thermodynamic preferable
and P-atoms have enough high surface diffusivity [6]. For
treatments of InP with atomic hydrogen HREELS
measurements have shown the binding covalently of atomic
hydrogen to both P-atom and In-atom on the surface [3, 4].
The saturation of surface by atomic hydrogen leads to a
breaking of the bonds between In and neighbouring P-
atoms. Probably such interaction of atomic hydrogen with
surface atoms is able to cause a releasing of phosphorus
atoms similar to a thermal treatment in vacuum. We are
thinking that the weakening of In-P bonds by hydrogen
interaction with surface is a reason of decreasing both a
temperature of InP decomposition and an enthalpy of InP
dissociation reaction.

Growth of Indium Islands. The influence of hydrogen
atoms on the process of the indium islands growth has been
investigated by a comparing with In-islands growth during
InP dissociation in vacuum. The scanning electron
microscopy method has been used.

The fig. 2 shows the main features of InP surface (111)
after the dissociation in vacuum: hexahedral shaped indium
islands (label 1); a simple drop with a spherical form (label
2); a drop which has been formed from hexahedral islands
(label 3); and the label 4 marks a hexahedral area which was
emptied after transition of an indium island from hexahedral
to sphere-like shape. On surface of some samples the islands
with triangular shape have been observed too. Probably
the growth on the (111) surface of triangular and hexahedral
islands is conditioned by dislocations of the semiconductor
crystal. At a dislocation core the atoms are weaker bound
than atoms in the crystal. Therefore the phosphorus atoms
of the dislocation core are able to desorb at the lowest
temperature that causes an initial nucleation of indium
islands at dislocation. That explains a forming of shapes of
the islands similar to shapes of etching pits.

Different from that the decomposition of indium phosphide
in hydrogen with high concentration of atomic component
leads to a forming only spherical islands (fig. 3, a–d).

Fig. 2. InP (111) surface after dissociation in vacuum. The
temperature of treatment is about 800 K
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)

b)

)

d)

Fig. 3. InP (111) surface after exposition in atomic hydrogen. At left from them the experimental islands size distributions are shown
with correspondence to micrographs
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Never on such samples the straight-sided islands have
not been observed. It is clear that the dislocations do not
play a visible role in the process of an interaction of H-
atoms with InP surface. The micrographs on fig. 3 are
highlighting steps of islands evolution during atomic
hydrogen exposition of InP sample.

The first step is incubation not shown on micrographs
here. The step duration is depended on temperature of sample
and environment. The incubation step comes to an end by
formation of small indium drops (for example fig. 3, a). At high
density of atomic hydrogen flow to a surface the beginning
of islands appearance is very difficult to determine exactly.
On the left from fig. 3, a the typical distribution of islands
sizes at start of growth is shown. The sizes of islands form a
short range with clear restriction on the right.

The subsequent InP expositions in atomic hydrogen are
leading to a spreading of this restriction. Some casual chosen
islands grow much faster others. On the distribution in the
range of greatest sizes there is a small group which is
gradually separating from its basic part. As well as in a case
of InP dissociation in vacuum a coalescence is one of the
reasons of appearance of large islands. The other reason is
non-uniformity of a flow of hydrogen atoms to various areas
of a surface. The homogeneity of H-atoms flow is upsetting
after forming of metal subsystem on the sample surface.
Really the metallic islands catalyse the recombination
reaction of hydrogen atoms to molecule. Therefore the
forming of indium islands leads to increasing of gradient of
the atomic hydrogen concentration near to the sample
surface. During recombination act the energy about 4,3 eV
is produced. With a combination of an intensive flow of H-
atoms it can give the additional heating of islands and cause
the enhancing process of decomposition. Really the metallic
islands catalyze the recombination reaction of hydrogen
atoms to molecule. Therefore the forming of indium islands
leads to increasing of gradient of the atomic hydrogen
concentration near  to the sample surface. During
recombination act the energy about 4,3 eV is produced. With
a combination of an intensive flow of H-atoms it can give
the additional heating of islands and cause the enhancing
process of decomposition. Any island that has larger size
than nearest neighbours is able to change the gradient of
H-atoms concentration and more intensive flow of H-atoms
is forming to this island. It is clear such island grows faster
than its neighbours at the same time the growth of
neighbours is depressed more and more. Fig. 3 c, d and
enclosed distributions illustrate such behavior of islands.

CONCLUSION

The role of atomic hydrogen in the processes of indium
phosphide decomposition and growth of indium islands on
InP(111) surface has been studied. The increasing of
concentration of atomic hydrogen in gas phase causes a
decreasing of minimal temperature of the indium phosphide
decomposition. During decomposition the species P

2
, P

4

and PH
3
 are forming. The enthalpy of reaction

InP
(sol)

In
(sol)

+1/2P
2(gas)

 is strongly decreased in the
presence of atomic hydrogen. The catalytic properties of
indium to the reaction of recombination of hydrogen atoms
are influencing on process of island growth. The steps of
island evolution during atomic hydrogen exposition of InP
sample have been established.

REFERENCES

1. M’hamedi, O. Interaction of atomic hydrogen with cleaved
InP. I. The adsorption stage / M’hamedi O., Proix F., Seben-
ne C. A. // Journal of Vacuum Science and Technology A. –
1988. – Vol. 6,  2. – . 193–198.

2. Proix, F. Interaction of atomic hydrogen with cleaved InP. II. The
decomposition stage / Proix F., M’hamedi O., Sebenne C. A. //
Journal of Vacuum Science and Technology A.  – 1988.–
Vol. 6,  2. – . 199–203.

3. Proix, F. Dissociation effects of H and H2
+ on clean III–V

compounds / Proix F. // Physica B. – 1991. –  170. – . 457–
468.

4. Schaefer, J. A. Atomic hydrogen – a local probe for interface
characterization / Schaefer J. A. // Surface Science. – 1987. –

 189/190. – . 127–136.
5. Gorbenko, V. Oxidation and metallization in H2/H2O/InP

system / Gorbenko V., Shvets J., and Gorban A. // Proceedings
of the Twenty-Seventh State-of-The-Art Program On
Compound Semiconductors (SOTAPOCS XXVII) by editors
S. N. G.Chu, D. N. Buckley, K. Wada et. al.   Vol. 97 21. – The
Electrochemical Society, Pennington, 1997. – P. 375–381.

6. Panish, M. B. Phase equilibria and vapor pressures of the
system In+P / Panish M. B., Arthur J. R. // J. Chem.
Thermodynamics. – 1970. – vol. 2,  3. – P. 299–318.

 16.11.2011.

. .,  A. .
-
-

-
- , -

. -
, -

.
: , ,

, -
.

. I., . .

-

-
-

, -
.

, -

.
: , , -

, .



11

ISSN 1607-3274.    , , . 2012.  1

 534.222.2

. .1, . .2, . .3, . .4

1

2, 3 . . ,
4 . . ,

.

: , , .

-

 ( ), 
,

.

-

,
 ( , -

.) , -
-

 [1].

-
-

, -
-

, .

-

, -
 1013 1018 –3   1017 1018 –3 -

, . -
.

-
-
-
,
-

. -

-
.

,
1015 –3, -

–0,17, –0,24, E
V
+0,34, E

V
+0,21 ,

. 1 . 1.

. ., . ., . ., . ., 2012

,
-
-

n, p.
. 2, n

0
,

p
0

 1015 –3
n p -

. , -
 1015 –3,

.

-
=E

V
+ 0,05 .

 1015 –3 -

, . . -

.
 78  300 .

[2–6] ,
.

 ( . 1, 2) 
, -

n
0
, p

0
 > 1015 –3.

, -

.
-

n
0
, p

0
 > 3·1015 –3

,  78 ,

.
-
-

-
. -

-
. n-

- , -



12

) )

. 1. n-  ( ) -  ( )
 ( 0 = 7 , . = 300 ):

) 1 –  –0,17 ; 2 –  –0,41 ; 3 – –0,24 ) 1 – EV +0,34 ; 2 – EV +0,21

EC(V) E
2

)( 10pn
2

–0,17 4,3 
–0,24 3,6 n-
–0,41 – 

EV+0,21 1,8 
-

EV+0,34 1,1 

 1. n- p-

) )

. 2. -  ( ) n-  ( ) -
 ( 0 = 7 , . = 300 ) .: 1 – 78 ; 2 – 300



13

ISSN 1607-3274.    , , . 2012.  1

. -
, , -

, r 50    .
-
-

. -
n- - -

, -
 78 .

,
n

0
, p

0
 > 1018 –3 -

, -
 ( - -

) + . , -
,

,
.

, -
:

–
n

0
, p

0
 < 1017 –3 300 ;

–
-

n
0
, p

0
 >> 1015 –3;

–
-

: - ,  ( -
- )+ ,

 (
t
> 1/2 );

– -

-
.

Å
1. , . . -

 / . . , . .  ; .
. . . – . : , 1981. – 248 c.

2. , . .

 « -
» / . . , . . , . .  //

. – 2011. – . 45,
. 6. – . 754–758.

3. , . . -
 / . . ,

. . . – . : , 1969. – 312 c.
4. , . -

, . . / . . – . : , 1971. – 368 c.
5. , . . -

n- . / . . , . . -
, . .  [ .] // 

. – 2010. – . 55,  11. – . 1195–1200.
6. , . .  /

. . , . . , . .  [ .] //
. – 2000. – . 34,

. 2. – . 162–167.

 29.06.2011.
 16.11.2011.

. ., . ., . .,
. .

-
-

-
-

.
: , , -

.

Nikonov  A. Y., Nebesnjuk O. J., Shmaly S. L., Nikonova Z. A.
RESEARCH OF FEATURES THE FORMATION OF

DEFECTS IN HIGHLY ALLOYING SILICON DURING
IRRADIATED

In the article the results of experimental research mechanisms
interaction high-energy radiation on silicon.

Key words: radiation, doping impurity, concentration.



14

RADIO ELECTRONICS

AND TELECOMMUNICATIONS

. ., . ., . ., 2012

 621.372.852.001.11

. .1, . .2, . .3

1

2 ,
3 . . ,

 ANSOFT HFSS

 ( )
.

-
.

.
.

: , ,
, , .

, -

( ) -
. -

, -
. -

 2f
0

- -
-

. , -
,

. -
.

, -
:

-
 [1];

 (  1 ) -

-
 75° [2]; -

-
-

-
 [3]; -

-
-

 [4].  [5] -

. -
-

.  [6] 
,  [7] -

-
.



           15

ISSN 1607-3274.    , , . 2012.  1

. -
-

. - ,
-
-

,
. - ,

. - , -
-

. - , -
-

, -
. -

, -
.

-
-

-
,  Ansoft

High Frequency Structure Simulator (HFSS).

1. 

-
-
-

- -
,  [8, 9, 10].

, -
- -

, . 1.

1  5 2  4 3 

Wi,
0,4 0,49 0,5 

 S ,
0,3 0,89 0,97 

, L ,
10,33 10,23 10,22 

 1. 

. 1. -
:

 – ;  – 

–100 =9,6, -
h=0,5 t=5 .

 2,85 ,  122 .
- -

 Schematics
 Microwave Office  Applied Wave Research

(AWR MWO).  ( . 1) ,
-

,  [6],
 440  2,41 . -

-
 8,33 -

 Tune  AWR MWO.
-

 MaxFCT, -
-
.
-

.
. 2.

1  5 2  4 3 
 Zoe, 67,31 52,65 51,46 

 Zoo, 40,87 44,10 43,54 

 W ,  0,608 0,793 0,806 

 S1,  0,410 1,810 1,818 

S2, 1,17 2,52 2,40 

 2.



16

,

,
 Ansoft HFSS ( . 2). -

.
 ( . 3) ,

,  2,967 ,
.

, -

,  Optimetrics, 

. 2.

. 3.

 HFSS. -
-

L.
-

L. 

,
, ,

,
. , -

,
-

.
. -

.
-

L = 8,83 ,
-

. -
,  ( -

) -
 ( . 4).

,
 2,85 , .

,
-

,  160 .

2. 

-
, -

, -
:



           17

ISSN 1607-3274.    , , . 2012.  1

1. -

- ,
 [8, 9, 10].

2. -
-

 Schematics  AWR MWO. -
.
-

 Tune 
AWR MWO.

3. 

-
 MaxFCT.

4. -

 HFSS 
 AWR MWO ( )

 MaxFCT ( -
, -

).
5. -

 Optimetrics 
 HFSS .

6. -
, -

.
-
-
-

 [2] c .

-

. 4.

.
. -

.

, -
.

1. , .

 / .  // -
. – 2008. –  1. – . 28–30.

2. Lotfi Neyestanak, A. A., Enhanced Wide Band Microstrip
Hairpin Filter / A. A. Lotfi Neyestanak // Journal of Mobile
Communication. – 2009. – Vol. 3,  3. – P. 59–61.

3. Sulaiman, A. Simple Multilayer Hairpin Bandpass Filter /
A. Sulaiman, H. Mokhtar, H. Jusoh, H. Baba, A. Awang,
F. Ain // European Journal of Scientific Research. – 2010. –
Vol. 42,  4. – . 604–613.

4. Hasan, A. Novel Microstrip Hairpinline Narrowband
Bandpass Filter Using Via Ground Holes / A. Hasan,
A. E. Nadeem // Progress In Electromagnetics Research. –
2008. –  78. – P. 393–419.

5. Militaru, N. Enhanced Couplings in Broadband Planar Filters
with Defected Ground Structures / N. Militaru, M. G. Banciu,
G. Lojewski // Romanian Journal of Information. – 2007. –
Vol. 10,  2. – P. 199–212.

6. , . . -
 /

. . , . . , . . , . .
 // .  1. -

.  1 (1602) – . :  « -
», 1991. – 94 .

7. Velazquez-Ahumada, M.-C. Parallel coupled microstrip filters
with ground-plane aperture for spurious band suppression
and enhanced coupling / M.-C. Velazquez-Ahumada, J.
Martel, F. Medina // IEEE trans. on microwave theory and
techniques. – 2004. – Vol. 52,  3. – P. 1082 – 1086.

8. , . . ,
, . I / . . , . , . . .  : 



18

. ; . . . . . . . –
. : , 1971. – 440 .

9. , . . -
 / . . ,

. . . – . : . , 1972. – 232 .
10. -

 / . . ,
. . , . .  [ .] // ,

, . – 2009. –  1 (20). – . 41–44.

 19.01.2012.
 26.01.2012.

. ., . ., . .
-

-
 ANSOFT HFSS

 ( ) -
.

- .

-
. -

.
: , ’

, , ,
.
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THE DESIGN OF MICROSTRIP BAND-PASS ON HAIRPIN
RESONATORS FILTERS WITH SLOTS IN THE GROUND
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Analysis of microstrip band-pass filters hairpin resonators
meander shape with slots in the ground plane is presented. The
calculations of the geometric parameters of the band-pass on hairpin
resonator filters on the basis of prototype filters of reduce
frequencies are presented. A model of the band-pass on hairpin
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and was used optimization. In research a simplified algorithm for
the design process of this type of filters is proposed.
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CONTROLLER FOR SYSTEMS OF ACTIVE QUEUE
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Questions of designing of an three-regime fuzzy controller are
stated at identical triangular membership functions with three terms
for systems of active queue management in /IP networks and
the basic scheme of controller in system MATLAB is presented
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Lysytska I. V.
COMPARING oN EFFECTIVENESS OF SUPERBOXES

some MODERN SIPHERS
New method of assessment indicators provable security block

symmetric ciphers sets out. With application of this method are

analyzed for differential properties superblock three ciphers: cipher
AES, the reduced version cipher Muhomor and cipher MISTY1.
The results of computational experiments to determine the values
of AMDP and MADP AES superblock are presented.
Demonstrated that the resistance of large ciphers and, in particular
cipher Rijndael (AES) is independent of the differential properties
of S-blocks used in the ciphers. It seems like one of the promising
solutions for building superblocks transformation FI cipher
MISTY1, which is noteworthy that sells for one cycle of
differential performance random permutation corresponding degree.

Key words: of provable security, differential, superblock,
random permutation.
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Barkalov A. A., Malcheva R. V., Soldatov K. A.
OPTIMIZATION OF MOORE FINITE STATE MACHINE

IMPLEMENTED ON THE PROGRAMMABLE LOGIC
This article is proposed a method which is designed to reduce

the number of input variables and intermediate terms of Boolean
functions. The method is based on the extended codes of states
and replacement of logic conditions. Application of the proposed
method allows up to 20% reduction in the total count of macrocells
in blocks BLC and BFM.
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