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Absract : Propertiesof Fe-doped sami-insuating (SI) InPwith different iron concentrations are sudied by usng Hall efect ,cur
rent-voltage (1-V) ,photol uminescence spectrosocopy (RL) and photocurrent gpectroscopy ( PC) measurements. |-V characteri gics of
Sl InP grongy depend on Fe doping concentration. Fe doping concentration d < irfluences optica properties and defective forma

tion in asgrown Sl InP. Band-ggp narrowi ng pheromernon and defects in Fe doped Sl InP are gudied usng R- and PC.
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1 Introduction

InPis an inportant semiconductor meteria that has
been used for the fabrication and development of opto
dectronic and microwave devices'* %!, Recent advances in
InP-based microwave devices and integrated circuits have
gured the devdopment of high quality semi-insulating
(SI) InP meterids. Ferdoped Sl InP is the commercid
subdrate for epitaxia growth of microwave device. In nogt
cases, a concentration above 10°cm™ 3 of Fe doping is
necessary for the manufacture of Sl InP subdrate by the
liquid encgpsulated Caochralski (L EC) growth technique.
The concentration of Fe increases dgnificantly aong the
gronth direction due to its small efective segregation cof-
ficient!? *!. Thus large uneven concentration of Fe exists
between S| InP weers diced from LEC InP snge crygsa
ingot. It is necessary to dudy the eéectricd properties,
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such as current trangort , breakdown woltage , etc ,which
may irfluence the properties and rdiability of InP devices
o Sl InP wders with such uneven Fe concentrations. In
this pgper we invedigate the electrica and optical proper-
tiesdf S InPwith different Fe doping concentration. The
irfluence o Fe doping on ©me meterid properties has
been presented.

2 Experimental procedure

Fe-doped Sl InPwéers are diced from a snge crys
tal ingot grown by liguid encepsulated Caochrdski (L EC)
method in our laboratory. The lidified fraction of each
sample on the ingot has been identified before dicing. In
this way ,Fe doping concentration of the sarmple can be es
timeted by the well-known impurity segregetion reletion: C
= Cokar (1- g) %« where g is the lidified fraction,
ker = 1.6 X 10" ®is the efective segregation coefficient of
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Fein InP2*  Cyisthe initial doping concentration of Fe
in the melt. Typical 9ze of sanplefor the measurements of
Hal efect, current-woltage ( I-V) , photol uminescence
Pectrosoopy (A) and optical current gpectrosoopy is
around 6mm x 6mm X 0. 6mm.

Bdore making ohmic contactsfor eectrical measure-
ments, the sarples are firg lgpped then etched and
cleaned by the gandard process for InP. Ohmic contacts
for Hal measurement in Van der Pauw corfiguration are
made usng ldered indium dots. @ld ots of 1mm in
diameter are depodted on one sde and of 6rmmin diame
ter on the other sde of the sanple to make dectrica conr
tactsfor 1-V measurement.

The |-V measurement sydem ocondded of a HP
3245A programmable woltage generator which drove a pro-
grammable EG&G ORTEC 556H high voltage power sup-
ply ,a Keithley 485 digta programmable e ectrometer and
an IBM XT conputer.

Anorignd sstup of R sygem is used for the mear
surement of photoluminescence property. Optical current
gectrum a room tenperature of Fe doped SHINP is mea
sured by a homemade sygem. The light source is a tung
gen-halogen lanp passed through a chopper and is dis
persed by a nmorochrometor before being illuminated on
the sample. The PC sgnd ispicked up with a lock-in anr
plifier and then recorded by a X-Y recorder. Weters pol-
ished on one sde are used for these measurements.

3 Resultsand discussion

3.1 Hall and -V measurements

Red divity determined by Hal efect of the weers
increases from 10Q - cm at the ingot top to 100 - cm a
the ingpt tail ,which is a comnmon pheromeron caused by
Fe oconcentration increasng aong the growmth direction in
LEC InP. It is certainly that conpensation defined as
Nre/ (Np - Na) increases rgpidly snce resdua doror
oconcentration Np - Na only has sval change while Fe
concentration N increases quickly due to its segregation

efect in the groath process'® .

Room tenperature I-V curvesof Sl InP sampleswith
different lidified fraction g on the ingpt are shown in
Fg. 1. It is goparent that the larger the g value,the
gronger ronlinear |-V characteridic. Sanples a the ingot
top (smdl g vaue) exhibit linear 1V reationship (the
dope of the curve is around unity by fitting) ,inplying the
conmpensgtion in these wefers is mt © drong as those
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Fg.1 Current-wvoltage rdaionsdf L EC Fe-doped Sl InP
diced from aningpt at different <lidified fractions and Fe
concentrations: g = 0.10,3.55 x 10%cm™3; g = 0.40,
5.33x 10®cm™3; g = 0.64,8.87 x 10%cm ™ %; g =
0.79,1.52 x 10"cm" ®
for clarity.

The curves are moved verticaly

wafers from other portion of the ingot (with big g value) .
This reault is in agreement with the results of Hall efect
and the gace charge limited current theory for SI meteria
of Lanpert and Mark[®!. The voltage at which the quadrat-
ic |-V initiatesis caled trgp filling limited woltage Vg .
It is evident that V1 decreases with increasng of conr
pensgtion in Sl InP ,corregponding to large solidified frac
tion. This suggeds a gradud increadng concentration of
unconpensated Fe impurity ,i. e. Fe** concentration along
the growth direction ,condgent with the norma freezing
relation result.

I-V curves from 295K to 400K of three samples at
the ingot top ,midde and tail have been measured. Res s
tance (R) obtained from the linear regon of each curveis
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badcaly consgent to the resultsof Hal efect. Fotsdf R
againg 1/ kT are draight lines with dopes of 0. 60 ,0. 62
and 0. 64 for the three sanples,as shown in Hg. 2. This
result can be explained with the following relation regard
ing eectron concentration and reg divity of semiconductor

Ec - Ef B
T } P = Mg R

p .All symbols have norma meaning. At high tenpera
ture,Ne T2H, T 2 thusR ep[(Ec- Ep/
kT]. Therdfore ,the dopesdf plotsin Fg. 2 indicate Fermi
level podtions pinned by Fe deep acceptor in the three S|
InP sanples, suggeding a grong compensation in InP
wefers from ingot tail. This result agrees well with the
mentioned Hall &fect and I-V reaults.

18 « slope=0.64eV,8=0.79
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Fg.2 Hotsdf resgance R vs 1/ kT o three Fe doped
Sl InP sanples diced at different lidified fractionsof an

ingot

3.2 PL and PC measurements

A result of one Sl InP sanple with Fe concentration
of about 6 x 10™°cm” ®is shown in Fg. 3. A R gectrum
o a high temperature annealed undoped Sl InP with very
low resdual Fe concentration (about (2 4) x 10®
cm ) is do shown in the figure. The A feathers of
the two sanples are smilar ,except that the band edge |u-
minescence intendty of the Fe-doped Sl InP is very low.
Thisis caused by the well-known fact that Fe is a deep
ronradiative recombination center in InP. A sral differ-

ence between the R band-edge emisdon energy of amr
neded and Fe-doped asgrown Sl InP can be sen. The
band-edge energy of Fe-doped Sl InPis svdler than that
of annedled undoped Sl InPwith low Fe concentration. We
attribute this pheromeron to the band-narrowing effect
caused by high concentration Fe doping. It has been found
that band-ggp becomes narrow by a few tens meV for Sl
semiconductor doped with high concentration of deep level
impurity!®°!. The concentration of Fe in asgrown Sl InP
is higher than that in annedled undoped Sl InP at leas
one order of magnitude , making the band ggp narrowing
dfect be observed. The drong peak a 1. 38eV and its
phoron replica a 1. 34eV are related with eectron trans-

tion from conduction band to shallow acceptor inpurity in
Inpe 121,
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Fg.3 R wectra a 10K of a Fe-doped (dotted line)
and an anneded undoped Sl INP saples

A typicad PC gectrum of two Fe-doped and one an
nedled undoped Sl InPis shown in FHg. 4. Three peaks a
0.45,0.66 and 1. 32eV have been found in a Fe-doped
InP. In other Fe-doped Sl InP with relative low doping
ooncentration ,five peaks a 0.45,0.49,0.56,0. 66 and
1. 33eV have been detected. Smilar results of Fe doped
InP have been reported by photoconductivity and photo-
induced trandent current ectroscopy sSudy be
fore!™ ! In contrag , eight peaks a 0.43, 0.45,
0.49,0.57,0.65,0. 77 ,1. 34 and 1. 43eV have been de
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Fg.4 Photo current gectra of Fe doped and anneded
undoped Sl InP sarples a room temmperature

tected in annealed undoped SI InP. The two peaks at 0. 45
and 0. 64eV in Fe-doped Sl InP are related to the eectron
excitation from two deep levels °T, and °E of Fe in
InP™3). The peak at 1. 33eV corregponds to the band edge
excitation. The 1. 43eV detected in annedled undoped InP
is resulted from the eectron excitation to the higher con
duction band minimum!®®!. It seems that Fe doping corr
centration irfluences the formetion of defects in Sl InP.
The higher the Fe doping concentration ,the less the nunr
ber of dedfects in Sl InP. Sme ddects in annedled unr
doped Sl InP which have been corfirmed to be thermally
induced'”” ] are absert in Fe-coped InP nmaterids. De-
fects rdlated with the 0.49 and 0.57eV peaks exig in
both low Fe doping and annealed undoped SI InP. They
are nog likely native deects in the sanples because such
defects are absent in amother S| InP with high Fe-doping
concentration, excluding the posshility of inpurity conr
tamination. The result suggests that Fe doping concentrar
tion irfluence the formetion of defectsin InP. Thisisina
greement with the result of Zerrai et al!™®!. It do indi-
cates that annealed undoped S|

InP sanple contains resdud Fe snce the Ferdated 0. 44
and 0. 65eV are detected smultaneoudy.

4 Summary

Fe doping concentration has grong irfluence on dec-
trical trangport property of Sl InP. Band-ggp narrowing -
fect has been observed in Sl InPwith very high concentrar
tion of Fe. Fe doping concentration irfluences the former
tion of defects in asgrown InP.
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