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Compensation ratio-dependent concentration of a VinHs complex in n-type
liquid encapsulated Czochralski InP
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The concentration of hydrogen—indium vacancy compex, in liquid encapsulated Czochralski
undoped and Fe-doped-type InP has been studied by low-temperature infrared absorption
spectroscopy. Th&,,H, complex is found to be a dominant intrinsic shallow donor defect with
concentrations up to~10'® cm™® in as-grown liquid encapsulated Czochralski InP. The
concentration of the/,,H, complex is found to increase with the compensation ratio in good
agreement with the proposed defect formation model of WalukiefMit2Walukiewicz, Phys. Rev.

B 37, 4760(1998; Appl. Phys. Lett.54, 2094 (1989], which predicts a Fermi-level-dependent
concentration of amphoteric defects. 98 American Institute of Physics.
[S0003-695(198)04435-7

Hydrogen in liquid encapsulated Czochral§kEC) InP  vations that in order to control the quality of LEC InP, it is
is an unintentional contaminant which mainly comes fromnecessary that the concentration \6fH, and the factors
the wet boron oxide used as the encapsulant in the growtbontrolling it be well characterized. In this letter, we report
process.’ The total hydrogen concentration in as-grownon an infrared absorption investigation of thig,H, abun-
LEC InP has been shown to bel10' cm 3° Generally, dance in undoped and Fe-doped as-grown LEC InP. The re-
hydrogen in InP can form a complex with an indium vacancysults indicate tha¥/,,H, is a common defect in LEC InP and
or an acceptor impurity giving rise to passivation effécts. that a positive correlation exists between its concentration
Indeed, the level of hydrogen in LEC InP suggests otheand the compensation ratio.
significant influences of hydrogen complexes on the proper- The electron concentration and mobility for undoped
ties of InP materialé.Since the influence of hydrogen com- LEC InP were measured by a commercial Bio-Rad HL5500
plexes has only recently been recognized there is much worKall-effect measurement instrument. The compensation ratio
still to be done in understanding their behavior on the micro-p of the undoped InP samples was then obtained from the
scopic level. computation technique of Walukiewiez al*° Electron con-

Fourier-transform infrared absorptioifTIR) spectros-  centration and mobility data taken at both 300 and 77 K were
copy, which evidences hydrogen-related local vibrationexamined to given the most reliable compensation ratio re-
modes(LVMs), is one of the main techniques allowing the sult. The infrared measurements were performed at low tem-
study of hydrogen in InP. In particular, the technique hasperature(20—30 K) with a Digilab 80 E-V vacuum Fourier-
revealed a fully hydrogenated indium vacancy complexransform spectrometer equipped with a Ge:Cu detector. The
VinHy4 in as-grown undoped and Fe-doped LEC InP with ajntegrated absorption intensity at 2316 ¢hwas obtained
LVM of around 2316 cm® at low temperaturé.A recent  from the spectra and used as an indication of the concentra-
theoretical calculation has confirmed this LVM signature totjon of V,,H,.
be that ofV,,H, and has shown the complex to be a shallow  Fjve undopech-type InP samples with electron concen-
donor in as-grown LEC InPThe latter property implies that trations in the range of 2— 210> cm3 and compensation
the existence of this defect can significantly change the elegatios varying from 0.2 to 0.8 were selected for the infrared
trical properties of InP. Moreover, the weak bonding of gpsorption measurements. Two Fe-doped semi-insulating
VinH4 suggests that both undoped and Fe-doped LEC InRg)) n-type InP wafers were also measured for the concen-
may be thermally unstable. Upon high-temperature annealration of \/,,H,. All the samples were cut from the seed to
ing, VinHy is thus expected to dissociate either completelyine end portion of InP single-crystal ingots and were of 14
leaving an isolated indium vacancy, or partially giving x 10 mn? square dimensions and of 2.5 mm thickness with
hydrogen-related defect<onfirmation of such dissociation, both side polished. All the samples used were grown under
which subsequently leaves the material in a semi-insulatinghe same conditiongstoichiometry, boron oxide quality,
form, has recently been givérit is clear from these obser- otc) ysing thein situ synthesis LEC technique in one of our
laboratories?!
dElectronic mail: sfung@hkucc.hku.hk Infrared transmission spectra of four undoped and one
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FIG. 2. Percentage o¥,,H, concentration in total donor concentration of

FIG. 1. Infrared transmission spectra of as-grawtype LEC InP of differ- InP with different compensation degrees. The data in the filled rectangle are
ent compensation ratiogd) Undoped§=0.3; (b) undoped§=0.5; (c) un- obtained by Eq(1) and those in the filled circle are of infrared absorption

doped#=0.8; (d) Fe-doped SI#=1.0 and(e) undopedd=0.2. The spectra results. For clarity, the compensation ratio of Fe-doped Sl InP is taken as
of (a) and (b) are measured at lower resolution and are thus shown on Anity.
different scale.
termined by spark source mass spectrometryrarite elec-
Fe-doped Sl InP samples are shown in Fig. 1. It is noted thdfon concentration by Hall measurements. The fact that the
concentration dependence @mas determined from Ed1)

the V,,H, complex is found in all the samples and this indi- .
catesmthgt it is a common defect in as-grown LEC InP. More—(’floseIy follows[VnH,4] as obtained through the IR absorp-

over, an important feature may be noted, namely, that thg(r)]n”dataa Is convincing evidence thili,H, is a dominant
absorption peak of,,H, is strong in both the Fe-doped shaflow donor.

sample and the undoped InP samples with large compensa- With V!”H4 actmg as a shallow d_onor, It Is not unex-
tion ratios. Indeed, the 2316 crh peak of the Fe-doped pected to find that this native defect is capable of changing
| ' %]\e electrical properties such as electron concentration, mo-
i
re.

samples and the undoped samples with large compensation: ) . :
ratios, is large enough to be measured at room temperatu Iy, etc., .Of InP. One consequence Is tha.‘t InP having a.hlgh
concentration ol/;H,, should require a high concentration

As the calibration data o¥,H, in InP is not known, accu- T . :
f the deep acceptor Fe to bring it into semi-insulating form.

rate evaluation of the concentration of this complex cannoﬁ| Fe being itself tor | ivv will ind
be obtained from these spectra. However, it is usually ac: Owever, e Deing I1Sell an acceptor impurity will inauce,

cepted that the calibration data of a Zn—H complex is ap:[hrough the above-observed correlation, a high value of

proximately valid for this compleX!2 This calibration value g'”H“' This (Txplamfs Wzy. h|€h dconc(;ar;tlrapgonsd ofhmttr;]nsm
was shown to give a lower limit concentration Wf,H,.> onors are always found In e-dope Rnd why the

n 7 .

Thus, an approximate evaluation of tkig,H, concentration Fe cotnctgnrtjrrgnon is observed to correlate with WgH,

in LEC InP can be obtained from these spectra. concl:en rad|o .d LEC InP high ¢
By using the calibration value of the Zn—H complex, the n undopead as-grown nr, a very high concentra-

concentration of tha/,,H, complex in each sample can be tion of the intrinsic donor has been regularly fourdAl-

known from the integrated absorption of the spectrum. Théhoth other donor defects, such as the phosphorus vacancy,
absolute concentration af,H, in these samples is deduced and the phosphorus antisite and interstitial, are also possible
to be in the range of 4—%81015 cm™2 from the spectra native centers in as-grown LEC InP, these deep donors are

The total donor(TD) concentrationNyp can be estimated always found in concentrations around the detection limit of

_ ; 15
from the compensation ratio value and the electron concenqeep level transient spectroscofpLTS)™ and cannot be

; ; 16
tration allowing the ratiq V|,H4]/N+p to be calculated. In ('\j/letected by optlcaltdete.c;ted magmtltc_: resingﬁxEHfVIR).

Fig. 2 (filled circles, we plot[V,;H4]/Np, thus obtained freo"fEr’Cal “;CE” posi “I’” datrr‘]”' 'r‘;’“onhs udy o as'g“t’wg
against the compensation rati@=€ N,/N+p) for the samples n-type L nr has revealed : phosphorus vacancy to be
studied. It is noted that the content Wf,H, has a strong present in very low concentratiohsWith the recognition of

positive correlation with the sample’s compensation ratio. :_/'“H“ as a domlndant tmtr:jnsm shallow donor these observa-
Also shown in Fig. 2(filled squarey are the estimated |ons+rz]ire novx;]un_ er? '?ho ' ¢ K has b that of

concentration ratiopV,H,]/Ntp based on the assumption of 'he emphasis of the present work has been that of re-

this complex being a dominant shallow doriior comparison porting an experimentally observed correlation between the

with other native defecisUnder this assumption the charge concgntrat:otn of ﬂ]e/.'”H“hand thﬁ comper;st:?\tmn rr]au?(,j W'th "
neutrality condition gives no attempt to explain why such a correlation should exist.

We point out, however, that the concentration change of the
n VnHs complex in InP with different compensation degrees
[VilHa]=7—5—Nb, (1) can be explained by the amphoteric native defect model pro-
posed by Walukiewic2°In this model, the concept of the

whereNp, the shallow donor impurity concentration, is de- Fermi-level stabilizatioriFS) energyEgs has been applied to
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