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Background impurity incorporation in the growth of InP
by hydride vapor phase epitaxy technique
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Abstract Intrinsic layers of homoepitaxial InP grown by the hydride vapor phase epitaxy
(VPE) technique were investigated by Fourier - transform photoluminescence (FTPL) and vari-
able temperature Hall measurements. The effect of process variables (i.e., source zone tempera-
ture and inlet mole fractions of HCl and PH;) on the background impurity levels was investi-
gated. The background carrier concentration was found to decrease with decreasing source
zone temperature and increasing HCl, but was relatively independent of PH, for the range of
mole fraction studied. The presence of background donors and acceptors was clearly verified in
the FTPL spectra, and the major impurities were tentatively identified as Si donors and Zn

acceptors as well as some unidentified acceptors.
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1. Introduction

Epitaxial layers of InP have become in-
creasingly important, due primarily to their
suitability in optoelectronic and microwave
device applications. For devices such as MIS
transistors, FETs, solar cells, p-i- n photodi-
odes and avalanche photodiodes, a high puri-
ty epitaxial layer of InP is a fundamental re-
quirement. The hydride VPE process has
been an important growth technique for the
InP related materials with certain advan-
tages for large-scale production including
high growth rate and process controllability.
A limitation of hydride VPE, however, is im-
posed by the relatively high level of back-
ground doping (typically on the order of
5x10" c¢cm™3, n-type), although lower val-
ues in the range 3 10"-6x10" ¢cm™* have
been reported [1]. This compares with the
other growth techniques such as the hquid
phase epitaxy (LPE) and the chloride VPE
in which the background electron concentra-
tions of less than 10" cm™? are routinely ob-
tained {2,3]. Control of the background dop-
ing in the deposited film is a prerequisite for
production of quality devices.

The background impurities incorporated
into the epitaxial layers during growth have
different origins. Impurities contained in the
source materials used in the hydride VPE
process such as the source gases (HCl, PH;,
H,), the source metal (In), and the substrate
(InP) can be the sources of background im-
purities. The chemicals used in the sub-
strate preparation can be another source of

impurities. Skromme et al. [4] identified

some of the unintentional donors and accep-
tors in InP prepared by the hydride VPE,
and they found Zn, C or Mg, and uniden-
tifiable acceptor as background acceptors
along with Si and S as background donors.
Usui and Watanabe [5] analyzed the used
indium by mass spectroscopy and detected a
few ppm impurity contamination of Sn, Fe,
and Cu which were hardly detected in the
raw indium before the growth experiment.
Their results showed that the In source has
a gettering effect for inpurities in the input
gases, mainly the HCl from a high pressure
gas cylinder.

The use of a hot quartz wall (> 800°C) is
another potential source of the background
impurities in the hydride and chloride VPE
processes. The interaction between the hot
quartz (Si0;) wall and the reactant gases
may introduce Si as a background impurity.
DiLorenzo and Moore [6] first proposed a
thermodynamic model for the generation of
vapor phase chlorosilanes as a result of the
interaction of HCl with the quartz reactor
wall and presented an expression for the
activity of solid silicon (i.e., as an impurity)
as a function of the partial pressures of the
chlorosilanes. This model showed that in-
creasing the vapor HCI concentraction de-
creased the condensed phase silicon activity
by further stabilizing the silicon species in
the vapor phase in the form of chlorosilanes.
Many experimental and thermodynamic
studies [7-15] confirmed this model, espe-
cially in the growth of GaAs [7-10] and
InP [11,12] by chloride VPE and in the
growth of GaAs [13-15] by hydride VPE.
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Some of the recent experimental studies
of hydride VPE, however, are somewhat in-
triguing. Buckley [16] studied hydride VPE
of Ga,Jn,_,As and found that the AsHj;, not
the HCl, is the main factor determining the
level of unintentional doping of the grown
layers under conditions of constant growth
rate. An inverse proportionality between
carrier concentration and growth rate was
observed, and a model was developed to ac-
count for this relationship which further sup-
ported his conclusion of AsH; being the
main source of the unintentional dopant. An-
derson [17] studied the growth of InP by
hydride VPE in order to determine the effect
of HCI mole fraction, H, flow rate, and mix-
ing zone temperature on unintentional im-
purity incorporation. These parameters were
found to produce only minor changes in the
electrical behavior of the InP epitaxial lay-
ers.

The unintentional doping of the epitaxial
InP grown by the hydride VPE technique is
revisited in the present study. The effects of
inlet mole fraction of HCI(x%¢), inlet mole
fraction of PH3(xky,), and source zone tem-
perature (T,) on the extent of impurity in-
corpcration were investigated in order to un-
derstand the chemistry involved in the back-
ground doping process. The variable temper-
ature Hall effect system was used to mea-
sure the net carrier concentration and mobil-
ity of InP films, and the results are inter-
preted with respect to the process variables.
In addition, an attempt was made to identify
the major background impurities in the InP

films. Low temperature (4.2 K) Fourier

transform photoluminescence (FTPL) spec-
troscopy was employed for this purpose and
the results are reported.

2. Experimental

The hydride VPE reactor used in this
study had the conventional double - barrel re-
actor design and is schematically shown in
Fig. 1. The reactor was successfully operat- ‘
ed to grow device-quality InP epitaxial lay-
ers with mirror - like surface, and the typical
operating conditions used were as follows :
The source zone, the mixing zone, and the
deposition zone were kept at 838°C, 820°C,
and 700°C, respectively. The reactor pres-
sure was at 1 atm. The II/V ratioc was
fixed at one (20 sccm of HCl and 200 sccm
of 10 % PH; in H,), and the total volumetric
flow rate was held constant at 4200 sccm
(25 cm/s linear velocity). These typical
operating conditions were used as the base
operating conditions of this study, and the
process variables such as the inlet mole frac-
tions of HCl and PH,; and the source zone
temperature were then changed about these
base operating conditions.

sas’c  820°C .
Source Zone  Mixing 700 C

PH/H, 4 Zone Deposition Zone Loadlock
HCIH 2" |

HCIH,~ 1 [ 1
HCI/H ;= < Substrate Holder
HCIfH, o, -

PH/H,, = 4 ‘ '

Exhaust Exhaust

Fig. 1. Schematic of the hydride VPE double

barrel reactor.
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Phosphine was supplied as a 10 % mix-
ture in hydrogen (Airco, VLSI grade), and
the carrier hydrogen was purified by Pd-
alloy diffusion. HCl (Airco, ULSI grade)
was 99.999 % pure, and indium (RASA in-
dustries) was 99.99999 % pure. Substrates
grown by the LEC method were Fe-doped
InP (Crystacomm), cut 2° off the (100) to-
ward the nearest (110).

The substrates were etched in Caro’s acid
(5:1:1H,S0,: HQO, : H) for 3 min. and
in 1 % Bry/CH;OH solution for 2 min. just
before loading. The etched substrate, typical-
ly about 1x1 cm? was placed into the reac-
tor load-lock chamber and flushed with H,
prior to opening the gate valve. Reactant
flows were initiated about 15 min. prior to
the insertion of substrates, and the substrate
was preheated in a PHy/H, mixture (P%y,=
3.9x 1072 atm) prior to deposttion.

The thickness of InP epitaxial layers was
measured by optical microscopy on cleaved
and stained samples. Samples were stained
by the solution of KOH (6 g) : K;Fe(CN)s
(4 g) in DI-water (50 cc). The background
carrier concentration and mobility were
measured by a variable temperature Hall ef-
fect system. The system was a custom de-
sign and its essential parts included a
cryostage equipped with a resistive heater
with temperature controller for temperature
varying measurements, a magnet with con-
stant current supply, and an electrometer.
Measurements were made with magnetic
flux density of 4600 gauss.

The background impurities were inves-

tigted by a Fourier transform photolumines-

cence (FTPL) spectroscopy [18,19]. The lu-
minescence was excited by an argon ion
laser of wavelength at 514.5 nm, and the
power density at the sample was typically
0.18 W/cm?® with an unfocused spot diame-
ter of approximately 2 mm. Samples were
placed in a bottom looking liquid helium im-
mersion dewar and analysed in a back-
scattering configuration using f/1.2 collec-
tion optics. The measurement temperature
was at 4.2 K. The interferometer employed
for spectral analysis was the Twyman-
Green version of the Michelson, that is, light
from the source is collimated before being
amplitude divided by the CaF, beamsplitter.
A liquid nitrogen cooled Ge photovoltaic de-
tector was employed as a detector. Inter-
ferograms were Fourier transformed using a
cosine apodization function, and spectra
were signal averaged 30 times. Energy cali-
bration was made referenced to the HeNe
vacuum wavenumber of 15798 cm™!, and a
spectral resolution of 2 ecm™ (0.25 meV)

was used.

3. Results and discussion

Epitaxial layers of InP were grown for
fixed deposition time of 10 min. with various
process conditions. The initial characteriza-
tion results of the grown layers and the cor-
responding process conditions are listed in
Table 1. In general, the growth rate was
found to increase with increasing x%¢, indi-
cating that the operating conditions used in

this study are in the region where the HCl
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List of the process conditions and the preliminary charaterization results of undoped InP

epitaxial layers

Sample Source X e X', lI/V ratio Layer *FWHM
No. Temp.(°C) (x10% (x10% Thick.( #m) (meV)
#2723 770 4.739 4.739 1/1 7.4 29.6

B 2724 803 4.739 4.739 1/1 6.8 30.5

# 2725 838 4.739 4.739 1/1 6.8 30.1

# 2715 838 4.739 4.739 1/1 6.8 28.6

# 2729 887 4.739 4.739 1/1 6.3 34.5

# 2721 838 2.593 8.858 1/3 5.4 29.1

g 2720 838 4.525 9.050 1/2 6.3 31.7

# 2719 838 4.630 6.944 2/3 7.8 28.8

# 2716 838 7.092 4,728 3/2 8.5 30.2

# 2717 838 9.434 4.717 2/1 9.3 30.5

# 2718 838 14.085 4.695 3/1 12.9 32.2

* Values were taken from the room temperature (293 K) PL peaks at 1.34 eV.

conversion In the source zone is far from
completion. Previous studies with the identi-
cal reactor showed that there is a maximum
in growth rate typically around the II/V
ratio of one [20]. The growth rate, however,
was relatively independent of the inlet mole
fraction of PH; (x%4,) and the source zone
temperature (T,). All the grown layers were
analyzed by FTPL spectroscopy at room
temperature (293 K), and the values of the
full width at half maximum (FWHM) of the
PL peaks at 1.34 eV are also listed in Table
1. No apparent trend of FWHM values was
noticed with the change in the process varia-
bles, except for the sample #2729 (growth
with the highest source zone temperature),
which indicated that the crystallinity of the

epitaxial layers was rather unaffected by

the process variables changed in this study.
Samples grown with extreme values of each
process variable were thus selected for fur-
ther characterization, and the results are dis-

cussed in the following paragraphs.
3.1. Hall measurement

The Hall data of the selected samples
were obtained in the temperature range 35
to 300 K. Each InP sample was n-type.
Samples grown with different source zone
temperatures were first compared, and the
results are shown in Figs. 2 and 3. Source
zone temperature was varied at 770 °C,
838°C, and 887°C, while the inlet mole frac-
tions of HCl and PH; were kept constant at

4.739 x107% Two samples were grown with
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Fig. 2. Temperature dependent Hall data of

VPE InP layers : carrier concentration is

plotted against 1/T. Solid curves represent

the theoretical data fit described in the text.

Process conditions : *, T.,=887C ; O, T.=

838°C ; x, T,=770°C at x’pm,=4.739x107°
and x°%=4.739x 107>

source zone temperature of 838°C, thus the
data are represented with error bars. As
clearly shown in the figures, the background
carrier concentration (Fig. 2) of the InP
film increases and the mobility (Fig. 3) de-
creases dramatically, as the source zone
temperature was raised. These results are
consistent with an experimental observation
by McCollum et al. [1]. A thermodynamic
analysis [21] also predicts an increase in
the background doping with increasing
source zone temperature, since the forma-
tion of vapor phase silicon species increases

with the increasing source zone temperature.

Mobility (cm?/V™'s™")

T T T TrT

1 I [ | It | !
2 3 4 5 6789 2 3 4 8

10 100
Temperature (K)

Fig. 3. Temperature dependent Hall data of
VPE InP layers : mobility is plotted against
T. Dashed curves merely connect the experi-
mental data points. Process conditions : *, T,
=887C ; O, T,=838C ; x, T,=770C at
X%, =4.739 X 107* and x°y=4.739 X 107°.

Impurity gettering by the In source [5],
however, was not observed in the present
study.

The effect of varying the inlet mole frac-
tions of HCI and PH; on the extent of impur-
ity incorporation is shown in Fig. 4 (carrier
concentration) and Fig. 5 (mobility). The
background carrier concentration decreases
and the mobility increases with the increase
of inlet mole fraction of HCl. This result
agrees with many experimental and thermo-
dynamic studies [7-15] in the sense of
DiLorenzo and Moore’s model [6] in which

the increased HCI lowers the background Si
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Fig. 4. Temperature dependent Hall data of
VPE InP layers : carrier concentration is
plotted against 1/T. Solid curves represent
the theoretical data fit described in the text.
Process conditions : O, x%y,=4.739x107°
and x%5=4.739 X107 *; *, x%y,= 8.858 X
1072 and x°4c;=2.953 X 107°; X, x%pu,=
4.695 x 107* and x°yci=14.085 x107° at
T.=838TC.

doping of the film by stabilizing the silicon
species In the vapor phase in the form of
chlorosilanes. The dramatic decrease in the
background doping with lowered source zone
temperatures (Fig. 2) can also be under-
stood in the same context that the reduced
HCI conversion at lower source zone temper-
atures provides more HCl in the vapor
phase. On the other hand, the background
doping in the InP film seems not much af-
fected by the change in the inlet mole frac-
tion of PH;, although a thermodynamic

study [21] predicts the decrease in Si incor-
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Fig. 5. Temperature dependent Hall data of
VPE InP layers : mobility is plotted against
T. Dashed curves merely connect the experi-
mental data point. Process conditions : O,
X’pi,=4.739x107% and x’ue=4.739x107°;
* XOPH3=8.858 x107% and x%=2.953x 1073
; X, X%, =4.695Xx107° and x’=14.085
x107% at T,=838°C.

poration with increasing x’mu,. A slight de-
crease of background carrier concentration
was observed with increasing x%w, (Fig. 4),
but the magnitude of the change was within
the error bar.

A simple theoretical analysis was per-
formed to extract the electrical parameters
of the InP films such as the electron concen-
tration in the exhaustion region (Ny-N,),
the compensation ratio (K=N,/N,), and the
lonization energy of donor level (E;), where
N, is the donor level density and N, is the

acceptor level density. An analytical formu-
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la {22] was used to fit the temperature de-
pendence of electron concentration (n) Figs.
2 and 4).

n(T) = 2(Nd—Na)([1+gN& exp(kf‘T)]
g ()]
+ g%:‘vc—(Nd—Na) exp (%)}“)'1 (1

where g is the spin degeneracy factor which

is equal to unity in the bands and 0.5 for
donor levels. kg 1s the Boltzmann constant.
The effective density of states for conduc-

tion bands (N.) is given by,

N. = 2 (2 7m KgT/h*)¥* (2)

where m. is the electron band edge effective
mass (m. = 0.08 m, is used in the calcula-
tion [22], where m, is the free electron
mass). h is the Planck’s constant.

There are three unknowns in equation
(1), which are {(N4-N,), K, and E, Using

Table 2

the experimental data, one can easily esti-
mate the parameters E; and (Ny- N,) in the
first step. E4 can be estimated from low-
temperature slope and (Ny- N,) from elec-
tron concentration (n) in the exhaustion re-
gion extrapolating to high temperatures as
1/T approaches 0. The fitting procedure is
then initiated with these estimated values of
E; and (Ny~N,) obtained in the first step.
The fit is best done by eye using trial and
error method, systematically changing the
values of the parameters until satisfactory
agreement is achieved. The parameters ob-
tained by this procedure are given in Table
2.

The equation (1) works well when (N4-
N.) < 3x10' cm™3 and this condition was
fulfilled for all InP samples characterized in
this study except the sample #2729. Very
good fits were obtained between the experi-
mental data and the theoretical analysis
over broad temperature range (see Figs. 2
and 4). The donor ionization energies of the

InP samples were turned out to be generally

Electrical parameters of undoped InP epitaxial layers

Sample No. nat 77 K uat77 K Ny~ N. Eq K
(cm™3) (em?V~ig™) (em™%) (meV)

#2723 4.584 x 10 17788.8 6.0x10" 24 0.31
* 42715 1.146 x 10'® 10020.2 1.7 x 10 1.5 0.11
*$#2725 1.146 x 10'® 10020.2 1.7x10' 1.5 0.11

#2729 1.211 x 10" 2214.6 1.8 x 10" N/A N/A

#2721 1.101 x 10'® 10068.8 1.6 x10'* 2.0 0.08

#2718 5.574 x 105 15228.1 7.6 10" 2.6 0.25

* Average values are listed for samples #2715 and #2725.
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low compared to the values of higher purity
InP films grown by the chloride VPE [22],
and this was due to the fact that Eq depends
on the concentration of impurities. It was
shown that [22j’

Es = 7.4 [1-3.9Ro(N,- N,)"?] (3)

with
R, = (mym,) ea, (4)

where a, is the Bohr radius and ¢ (=12.2)
is the low frequency dielectric constant of
InP. The eqﬁation (3) intercepts the vertical
axis at the donor ionization energy obtained
optically [23], and the linear extrapolation
goes to zero at Ng—- N, = 3.4X10'% em™3 As
a self - consistency check on the validity of
the analysis, the values of E, obtained from
the fitting to the Hall data are plotted
against (N,- N,)'* in Fig. 6 and compared
with the theoretical line given by the equa-
tion (3). It shows a reasonably good agree-
ment, indicating that the procedure of ex-
tracting the electrical parameters is self-
consistent. The small ionization energies of
donor ievel can be explained by the relative-
ly high background carrier concentration of
the samples in this study (7 x 10"~ 2x10').

3.2. FTPL measurement

Fourier transform  photoluminescence
(FTPL) spectra were obtained at 4.2 K for
all the InP samples listed in Table 1. Four

bands, peaking at around 1.416, 1.401, 1.389

\=— Photoluminescence
7k~

Es (meV)
’
s

0 ! ! 1 1 1
0.0 0.5 1.0 1.5 2.0 25 3.0

(Ng—Ng)'*410™ (em™)

Fig. 6. Effective donor ionization energy de-

duced from fits to InP Hall data plotted

against (Ny- N,)!"% In the limit of no ionized

impurities, E, approaches the value obtained
optically.

and 1.380 eV were easily identifiable for
most of the samples (shown in Fig. 7 (a)),
and another very broad and low intensity
rise centered near 1.355 eV was also ob-
served in all samples. The relative intensities
of these bands were changed from sample to
sample. To get more information about the
correlation between the luminescence spec-
trum and the background impurities and to
obtain more accurate parameters of the lu-
minescence peaks, all the spectra were de-
composed into elementary peaks by using a
commercial Spectra Calc curvefit software
(Galactic Industries). It was assumed that
there are four elementary peaks in the en-

tire spectrum which have Lorentzian shape
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Fig. 7. FTPL spectra of sample (a) #2723
(T,=770°C) and (b) #2729 (T.=8877C).
Other growth conditions are given in Table 1.

and are fully characterized by their three
first momenta, i.e., position of the peak, area
under the peak, and full width at half maxi-
mum (FWHM) of the peak. No other
restrictions were made for the curvefit. The
curvefit was very good for all the spectra,
and the parameters obtained by this proce-
dure are listed in Table 3. The position of
the elementary peaks did not change signifi-
cantly among different samples, even
though the entire spectrum changed its
shape as a function of the process variables
of this study. The change in the shape of
spectra. was caused mostly by the change in
the area of the elementary peaks. The area
under a peak is proportional to the concen-
tration of the luminescence centers, and
therefore it is closely related to the back-

ground impurity concentration.

Figure 7 shows two different FTPL spec-
tra of the samples grown with different
source zone temperatures. The increase of
source zonhe temperature caused a remark-
able change in the spectrum, and this was
primarily due to the increased area of peak
#3 at 1.389 eV and peak #4 at 1.380 eV
(see Table 3). This is also consistent with
the high background carrier concentration
obtained in the sample #2729 (see Table 2
and Fig. 2). The area of peak #1 at 1.416
eV and peak #2 at 1.401 eV did not change
significantly in these two samples. Figure 8
compares the two FTPL spectra of InP sam-
ples grown with different inlet mole frac-
tions of HCL. The area of peak #3 and peak
# 4 decreased with increasing x°q, and this
was again consistent with the lower carrier

concentration of the sample #2718 (see

-
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Fig. 8. FTPL spectra of sample (a) #2725

(x°0=4.739%1073%) and (b) #2718 (x°uyc=

14.085x107%). Other growth conditions are

given in Table 1.
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Table 3
Parameters of elementary peaks in the FTPL spectra of undoped InP epitaxial layers
Sample Peak #1 Peak #2 Peak #3 Peak $#4
No.

Pos. FWHM Area Pos. FWHM Area Pos. FWHM Area Pos. FWHM Area

(eV) (meV) (eV) (meV) (eV) (meV) (eV) (meV)
#2723 1.416 2.33 60.9 1.401 9.91 28.0 1.390 12.91 41.2 1.381 17.29 21.9
#2715 1.416 2.76 99.6 1.401 9.67 25.7 1.389 12.76 35.6 1.378 13.08 15.7
#2725 1.416 2.95 70.5 1.401 9.05 21.0 1.389 1258 34.7 1.380 15.92 18.6
#2729 1.416 3.87 64.9 1.399 10.20 29.7 1.388 12.87 118.1 1.380 18.54 975
#$2721 1.416 2.79 74.8 1.401 9.22 29.7 1.389 12.74 53.8 1.380 15.74 26.7
#2718 1.416 2.76 66.6 1.401 10.63 19.4 1.389 12.45 24.5 1.379 15.21 10.1

Table 2 and Fig. 4). However, no apparent
change in the FTPL spectra was observed
when the inlet mole fraction of PH; was var-
led.

The FTPL spectra obtained in this study
were carefully compared with the published
PL spectra of InP films grown by various
techniques such as the LEC [24,25], the
LPE [26,27], the hydride VPE [1,26,28,29],
the chloride VPE [30-33], the OMVPE [19,
29,34-37,407, and the MBE [38,39]. The el
ementary peaks obtained in this study were
found to be much broader than the specific
impurity related peaks found in the litera-
ture. The purest samples (n < 10" ecm™)
reported in the literature [1,35] show many
very narrow peaks. The relatively large
width of the peaks in this study was partial-
ly due to the relatively high level of back-
ground doping shown by the electrical meas-
urements. At high carrier concentration (>
3x10' cm™?), the donor levels form a band.

Most samples grown in this study had rela-

tively high carrier concentration close to 1 X
10 em™3, and thus the interaction between
impurity centers are expected. This fact
complicates the assignment of the peaks be-
cause usually it is possible to find several
peaks in the literature whose frequencies fall
in the region of one broad peak of this
study. The high optical excitation used In
this study could also shift the positon of the
PL peaks. Acceptor related peaks, for exam-
ple, are known to shift to higher energy
when excitation level is increased [35].

The assignment of the five bands observed
by
comparision with the published PL spectra :
(a) peak #1 at 1.416 eV - exciton bound to
impurity level transitions (D°- X, D* - X, A°
-X, ete.) [1,25,28,30,37,38,401;(b) peak
#2 at 1.401 eV -exciton bound to deep

level acceptor transitions or transitions due

in this study was tentatively made

to deep donors (shallow donor- vacancy
complexes or shallow donor interstitials)
(25,27,371 ; (c) peak #3 at 1.389 eV - free
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electron to acceptor transitions (e-A°) due
to Si or unidentified acceptors [25,28,35] ;
(d) peak #4 at 1.380 eV -Zn or unidenti-
fied acceptor related transitions (e- A°, D°-
A°, ete.) [26,28-30,35,36] ; (e) broad band
centered at 1.355 eV - phonon replicas [ 25,
28,37]. Peak #1 and #2 are thought to be
related to tight excitons because their ener-
gies are lower than the typical values. The
free exciton (X) transitions are embeded in
the high frequency shoulder of peak #1 due
to the relatively high impurity concentration.
The peak #3 is strongly dependent on the
source zone temperature, and Si from the
quartz tube is a highly probable source of
background doping. Zn, which 1s proposed to
be primarily responsible for peak 14, may
come from In metal where it is present as
an impurity. Other unidentified acceptors
seem to be present as background impuri-
ties, but the identification of these acceptors
could not be done, since the FTPL spectra
obtained in this study was not very well

resolved.

4. Summary

Background impurities in the epitaxial
layers of InP grown by the hydride VPE
technique were investigated to understand
the chemistry involved in the background
doping process. The effects of source zone
temperature and inlet mole fractions of HCI
and PH, on the impurity incorporation were
investigated by a variable temperature Hall

measurement and a low temperature (4.2

K) Fourier transform photoluminescence
spectroscopy. The background carrier con-
centration was found to decrease with de-
creasing source zone temperature and in-
creasing HCI, but it was relatively indepen-
dent of PH; for the range of mole fraction
studied. The electrical parameters of the InP
films were extracted from the tempera-
ture - dependent Hall data by using simple
theoretical equations. Background impurities
were identified by analyzing the FTPL spec-
tra of the InP films. It was found that Si do-
nors and Zn acceptors as well as some un-
identified acceptors are the major impurities
in the hydride VPE grown InP films. The ob-
served behavior of unintentional doping in
the InP films generally followed the thermo-
dynamic predictions and the Dil.orenzo and

Moore’s Si incorporation model.
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