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ABSTRACT

The bandwidth of Indium antimonide can be reduced by a considerable value with addition of very small amount
nitrogen. The resultant material will be suitable for infrared detection in long wavelength region (about 8-10
4m). This material that is, the dilute nitride of Indium Antimonide is grown by vertical directional solidification
technique. In this technique the growth of a single crystal occurs without providing seed from outside. The Indium
and antimony in pure form (6N) are mixed in Stoichiometric proportion and sealed inside a quartz ampoule. The
ampoule is conical from the lower side. The ampoule is sealed at low pressure (200 torr) of argon. The growth
temperature is 525 degree Celsius. The ingot is removed from ampoule and cut into wafers for further analysis.
EDAX analysis confirms uniform distribution of nitrogen inside the ingot. The material shows n type behavior with
large carrier concentration and low mobility compared to indium antimonide grown under same conditions. Using
powder X ray method, |attice parameter is determined.
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INTRODUCTION

The energy band gap of Indium antimonide is 0.1Agkich corresponds to band gap qfn?. The addition of
nitrogen is expected to reduce the bandgap furffiers the band gap of Indium antimonide can beblyitadjusted
for detection of infra red radiation in 8-10n atmospheric transmission range. [1, 2] The bujistals of Indium
antimonide nitride are grown in the lab using \@tidirectional solidification technique. This tadue is known to
give quality crystals of antimonide binary/ ternagmpounds. The Indium antimonide crystals growthalab are
of superior quality compared to other methods ofrgh. The method is especially advantageous fogtbath of
dilute nitride of indium antimony as it reduces tieed for continuous flow of nitrogen gas and ottenplications
in the design

MATERIALSAND METHODS

The bulk crystal of dilute nitride of Indium antimide is grown by VDS. The Furnace is of 100 mm diten The
temperature profile of furnace is as shown in fegyrwhere zero cm on y axis indicates bottom offtineace and
30 cm above the bottom is the center of the tube.leater is placed at the center outside thezjtidse chamber.
The advantage of VDS-technique is that the unitimaal growth process can control the crystal natbe and
detached growth of the crystals inside the ampolileo, the crystal is grown without seed. [3, 4]eTndium,
Antimony and Indium nitride powder were sealed iguartz ampoule at pressure>1Bar. Presence of nitrogen,
changes the band gap of InSb. For percentage dhdkie material will have negative band gap. Ttereethe exact
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percentage of Indium nitride powder was added thuim and Antimony. High quality (In, Sb) (6N) weused as
the source materials.

The material was kept for mixing at temperature’80fr 18 hours for synthesis and homogeneous miafrgelt

composition. There exist a temperature gradiendénthe furnace as shown in figure 1 and ampoubeliied down

at a constant speed of 3mm/h. [5] To ensure unifgraf the composition, ampoule was rotated with tpeed 10
rpm. Cr -Al thermocouple is used for temperatur@asueement.
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Figure 1 Temperature Profile of Furnace

The growth was started around’6Cabove the melting point of InSb (529. About 30mm crystal was grown as
shown figure 2 and figure 3. At 3%D, the downward movement of the crystal was halféw crystal was kept at
this temperature for 10 hours before removing friumace. The crystal was found detached from thertq
ampoule on growth. As a result of which it was emsgemove from the quartz ampoule. The procesembval of
the crystal from the ampoule is shown in figurett 8an be easily seen that the crystal is remaovigtbut breaking
ampoule wall. It is observed that quartz ampoulgrasvn detached in a closed quartz ampoule.
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Figure2 Crystal inside sealed ampoule Figure 3 Detached ingot

We got single crystals of about 10 mm diameter Wwiiscslightly smaller than inner diameter of theadm ampoule
and 30-40 mm in length. Using this method thred loystals of dilute nitride Indium Antimonide ageown with
nitrogen atomic percentage of 0.1% and 0.2% arfib @eSpectively.
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RESULTSAND DISCUSSION

EDAX analysis:

Composition of all three samples is done usinggndispersive X ray analysis at ICON internatioladloratories
at Mumbai branch. The analysis is done using elastof energy 10-30kV. The peak on graph cleartijcates
presence of nitrogen in the sample. The EDAX arslghows uniform incorporation of nitrogen throughthe

samples. The exact amount of nitrogen cannot bectist by this analysis as the method is not seitédol low

atomic number elements like nitrogen. The analysi& proves the presence of nitrogen, for detaibuab
composition other methods like electron probe mamalysis are utilized. With increase in compositid nitrogen,

it can be observed that there is steady incredbiected in atomic and weight percentage. The tdbdlaalues of
Indium and Antimony are obtained using EDAX, whearenitrogen content is found using wavelength dispe

spectroscopy (WDS).

Table 1 composition of dilute nitride of InSh

Crystal | N% In% | Sh%
| 0.1-0.25| 44 45

Il 0.2-0.25| 42 40
1] 0.1-0.2 | 45 47.7

Figure4 EDS analysisof InSh:N

Powder X ray analysis

From each sample fine powder is used for the powdeary analysis. A typical graph of intensity ves2theta is
shown in figurel. With the presence of nitrogenutfto the shift in peak angle is only 0.15% for InSiix
(x=0.002), there is change in intensity for eveealpwhen compared with undoped InSb.

Table 2 powder x ray analysis

hkl | InSb INSbN x=0.001  InSbN x=0.00p
Major peak Major Peak

111 | 23.7701] 23.8 23.9096

220 | 39.3098| 39.36 39.4086

311 | 46.4563| 46.58 46.5639

400 | 56.7790| 56.92 56.9008

331 | 62.4416| 62.46 62.5620

422 | 71.2108| 71.38 71.3684
76.54 76.64387

rom the table, we calculated interplaner spacinggurmula given in equationl.

A
dp = 2;? 1)

The lattice parameter for cubic InSb was calculdtech each value of interplaner spacing using feitg relation
for cubic crystal
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a

dp = Nrore (2)

Various systematic errors can happen while takeaglings of intensity for different 2theta valuestsas use of a
flat specimen instead of a curved one, absorptiothé specimen, displacement of specimen fromadiftmeter
axis. There are various extrapolation functiondatke care of different errors, but no extrapolatfanction is

completely satisfactory. A Nelson-Riley extrapadatifunction is considered here as it take care @$trerrors.[6]

Figure5 shows Lattice constant versus Extrapoldtimetion is plotted for sample with nitrogen cantt®.5% and
values obtained for the same and other samples inbencept on y axis are tabulated in the tablee Titice

parameter of undoped InSb is given as 6.47 AU

InSb, N, (x=0.005)
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Figure5 Latticecongt vs. F (theta)

Table 3 lattice constants

InShi.«Nx | Lattice constant (a) in AU
X=0.001 | 6.48

X=0.002| 6.48

X =0.005| 6.4873

CONCLUSION

We could successfully incorporate nitrogen in beistals of InSb though all ingots are not uniforrdbped with
nitrogen. Lattice constant was calculated from pewH ray analysis and increases marginally witlrease in
nitrogen content as shown in table3.
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