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S UMl~4ARY

Grow th of poly crystalline InP from solution can be repro-

duc ibly prepared in 450—g ingots. The material is of extremely

hi gh p u r i t y ,  based on van der Pauw and low temperature photo-
luminescence measurements. The growth process is capable of

growing InP at a 2 cm/day rate . Increase of the growth rate

to grea ter than 2 cm/day resul ts in undesirable nons toichiometry
levels , de t r imen ta l  in the growth of s i n g l e — c r y s t a l  InP by
liquid encapsula t ion  Czochra lski  (LEC )  . LEC-grown InP c rys t a l s

when undoped exh ib i t  extrmely low background carrier concen-
tration < 1  x l0~~~/cc and mobil i t ies at 7 7 ° K  greater  than 53 ,000
cm4/V-sec . This represents the highest purity single—crystal

InP repor ted.  The e f f e c t  of doping on s t ruc tura l  imperfect ions
of s ingle c rys ta l s  has been investigated for Sn , Fe , and Zn;  in
every case a decrease was observed in dislocation density corn—

pared wi th the undoped crystals , and particularly the Zn-doped

crys ta l s  were p rac t i ca l ly  d i s loca t ion—free  for  doping levels of

2 x l018/cc.
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1. INTRODUCTION

This program was o r i g i n a l l y  aimed at i nves t iga t ing  the
growth propert ies  of po lyc rys t a ll i ne  and s ing le  crys ta l  InP .
The InP growth technology is very similar to tha t of GaP
which , at the time th i s  program was in i t ia ted  was f a i r l y
well developed. There were a number of distinct differences

ori gina ting f rom the device appl icabi l ity of each ma ter ia l .
Ga P is exclusively used for  v is ible  l ight  emi t t ing  diode
(LED ) f a b r i c a t i o n, whi le  InP is used for  a wide var ie ty  of
optoelectronic and microwave applica tions. The requirements
for crys tal perfec tion and electr ical  proper ties are fa r
more demandin g for  InP compared to GaP , therefore; the

growth processes from polycrystalline synthesis to single

crystal growth was investigated bearing in mind device

application requirements.

This research effort resulted in the development of

processes for the growth of high purity polycrystalline InP

from In solu tion , growth of high resistivi ty Cr doped and Fe
doped single crys ta ls  InP and growth of p rac t ica l ly  zero
disloca tion p

~ 
Zn doped single crys tal InP .

Charac teriza tion of the bulk  crystals included :

a) Van der Pauw , b) photoconductivity, c) photocapacitance ,

d) optical microscopy , x-ray transmission topography, and
pho tolumincise measuremen t

s . 1
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2. DISCUSSION

Under this program the growth parameters have been

established for  the preparat ion of polycrys ta lline  InP from

In solutions. The system is a horizontal Bridgman reactor

consisting of two 36 inch resistance heated furnaces each

controlled separately to produce the profile shown in Fig . 1.

The low temperature furnace controls the partial pressure of

P during the reaction. The temperature dependence of the

partial pressure of commercial red P has been determined by

Bachmann and Buehler1 and is given by
3

InP (a tm) = (10.8 + 0.4) x + 16.5 + 0.6 (1)

They have experimentally determined the P-T relationship

for commercial red P procured from various vendors. It is

believed that the error limits of equation 1 represent the

processing differences among suppliers rather than the ir—

reproducibility of the P-T relationship based on the product

of a single supplier. Experimenting with P from different

suppliers we found that the best quality with respect to

purity and density is from MCP Ltd. The original system was

capable of synthesizing approximately 500 gm per run ——
typically the travel rate of the reactor was limited 1
cm/day so that  the ingot shown in Fig. 2 required 30 days
for complete growth . Attempts to increase the charge size

failed; however increase of the travel rate to 2 cm/day

resulted in material slightly more nonstoichiometric compared

to ingots grown at 1 cm/day rate.

Single crystal growth was carried out by the standard

LEC process. Typical ingots weighed 350 gui , with diameters

1.2 - 1.4 inches. N, p and insulating crystals have been

prepared . There exists an apparent correlation between

doping species and density on the dislocation density of

InP . Fig . 3 shows a comparison of the representative defect

2
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I

densi.t :es of four crystals. The undoped crystal had the

hi~ hest dislocation density , followed by the Sn doped crystal

which exh ibi ted, in addition to individual dislocations ,

appreciable dislocation clusterinLi . Fe doped material ex-

hibited even lower dislocation density with practically no

• clusterinz~. Since , however the distribution coefficient of

Fe is very low in l nP , continuous enrichment of the melt

d u r i n g  gr ow t h  r es u l t s  in the prec ipitation of a second phase
ide n t i f i e d  as Fei~~. :n incorporation has the most pronounced
e f f e c t  on d i s l o c a t i o n  d e n s i t y .  C ry s t a l s  doped to levels in
excess of 1 x 10 18 had extremely low dislocation densities.
In some instances the dislocation density was effectively
zero , in c l u d in c  the  r e ck on  close to the  cry s ta l  s u rfa c e .

~he e ’~ect r’.caL properties of the polvcrystalline material

were character~~ ed by Van der Pauw , photoluminescence and

p h ct t o c c n d u c t i vi t ”  measurements. Table I shows the results

of e1ectrica~ characterization for a polycrystalline ingot

VA— GF *2 , a sin~~le c r y s t a l  iIPC 417) prepared with commerciall y

purchased polycrystalline In F  and IPC #41 prepared with in—

house preparod polycrystalline InP . It is obvious that for

both VA-CF ~2 ano VA IPC ~41 , there appears to be a tendency
for impr ov ement  of the electrical properties during the

solidification process. This is characteristic in a process

where the d i s t r i b u t i o n  c o e f f i c i e n t s  of undesirable impurities

are g rea te r  than u n i t y . Such an impuri ty , commonl y foun d
in In P compounds , is Si , wh ich has a distribution coefficient

of 30
g
. Since most undes irable impur i t i e s  normally  have

distribution coefficient lower than unity , the back ground
carrier density increases during solidification —— as in the

case of IPC *1- which was prepared with commercially purchased

polycrys ta ll ine  InP . In order to determine the p u r i t y  and

compensat ion r a t i o  of the c ry s t a l , the m o b i l i ty  and f ree

0
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electron :oncentrat :cr. ‘.~‘ere :cmuared with the theoretical

ca l c u l a ti o n  of Rode 4 . F i c .  4 shows the m c b i . l i . t ’.’ a t  T 7 ° K  a s
a f~~n : t i . c n  of free e le c t ron  c o n c e n t ra t i o n  f o r  v ar i o u s  como en—
sat~~on ratios. The hi~ hesr pun t’: and i owest compensat~ cn

rari.o were e x h i .b i :e d  by the p o l y c rv s ta l l i ne  material obtained
from the mi.ddle secticr. of the i.ncot. For the sinole crystal

•.~rowth the lowest compensati.on mater :al was from the bottom

of :i~c ~4l . The e ectron concentration in this crystal does

not ‘,‘arv w i t h  r e m r er a t u r c  ( 3 0 0  to 7 7 ° K )  w it h i . n  ex p er l me nt a .
error. This i.nii.cates that the donor levels are very shallow ,

since lowe r t e m p e r a t u r e  does not c a u se  apprec iab le  donor de—
ionization. The e le c t r o n  mobi 1~~t~ v i n es wi th a power of the
absolute tem~erarure around 2.2 in the temperature range

l30— 300°K as shown i.n Fi~~. 3 .  Similar variations of mobility

w i th resr~ect to temperature have been reported by Gl ickm an
and ~eiser

D 
for n—type I nP  sincle cr stals. There the mobility

was analyzed in terms of two dominant scatterino mechanisms

(lattice and ionized impuri v scattering) , assuming a varia-

tion of T fo r  the l a t t i c e  s c a t t e r in g  as observed in their
purest crystal with LN mobility = 23400 cm ‘V sec.

The qu a l i t y  of the above hich purity InP (See Table I.~
has also been estimated from high resolution examination of
exc i ton  r a d iat i v e  recombinat ion  b y low tempera ture  ~l . 8 ° K )

photoluminescence measurements , carried out at Wright—Patter-

son Air Force Base and at the University of ~~ ~ttgart. These

indicate that , for the first time , bulk-grown ‘. rystals (both

pholycrystalline and single crystals) exhibit very sharp PL
spectra- hitherto typical only of epitaxial material6 and
distinctly show transitions involving donor and acceptor-bound

excitons. The PL spectra observed are characteristic of h igh

purity, low imperfection density , strain—free material. It is

also interestinc to note that low temperature photoluminescence

indicates a sharp emission lire centered at 1. 36 05 eV

8
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= 1.4235 eV) which has not been seen previously and ex-

hibits higher intensity in the first-to—freeze section com-
pared with material from the middle section of the polycrystal-
line ingot. This could be associated with the Si level , al-
though low temperature photoluminescence of Si doped InP did

I not reveal such a peak.1

t
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3. CONCLUSIONS AND RECOMMENDATIONS

The processes developed under this program for the

growth of polycrystalline InP yield high purity material at

a slow growth rate. Increase in the growth rate can be ac-

complished in the present system by increasing the In and P

temperatures. This approach should be tried carefully so

that the danger of explosions will be minimized . In addition ,

the effect of the higher reaction temperature on the electri-

cal and photoluminescence properties of the crystals should

be investigated .

For single—crystal growth the effect of doping on the

defect density of the crystal could potentially become a

powerful means to control the defect density . tn  particular ,

if isoelectronic impuri ties such as Ga and/or Al could be
incorporated uniformly , low defect density InP crystals of

any desired doping level might become available. This

development could have important implications in all InP

device structures.

12
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