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Electric-field distribution in Au —semi-insulating GaAs contact investigated
by positron-lifetime technique
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Positron-lifetime spectroscopy has been used to investigate the electric-field distribution occurring at the
Au—semi-insulating GaAs interface. Positrons implanted frofi\Na source and drifted back to the interface
are detected through their characteristic lifetime at interface traps. The relative intensity of this fraction of
interface-trapped positrons reveals that the field strength in the depletion region saturates at applied biases
above 50 V, an observation that cannot be reconciled with a simple depletion approximation model. The data,
are, however, shown to be fully consistent with recent direct electric-field measurements and the theoretical
model proposed by McGreget al.[J. Appl. Phys.75, 7910(1994] of an enhanced EL2electron-capture
cross section above a critical electric field that causes a dramatic reduction of the depletion region’s net charge
density. Two theoretically derived electric field profiles, together with an experimentally based profile, are used
to estimate a positron mobility of 95+35 cntV s ! under the saturation field. This value is higher than
previous experiments would suggest, and reasons for this effect are disd&&EB-1829)05008-(

I. INTRODUCTION extended depletion region as compared to those predicted
within the depletion approximation. McGreger al!* attrib-
. . ) . .2 uted this observation to an enhancement of the electron-
used in semlconductzor studies becau§e of its sensitivity teapture cross section for the ELZenter at electric fields
open volume defects? When PAS studies are made of lay- g4y some critical value. Such an enhancement implies that
ered structures, such as semiconductor junctions, a variablggignificant fraction of the EL2will be neutralized within
energy positron beam is normally used to probe differentne gepletion region. In support of this view, a recent DBAR
depths and the annihilation quanta from the different layergpoppler broadening of annihilation radiatioexperiment
relay information on defect structures in the |a.ybrﬂ.0rder on Au/GaAs and Ni/GaAs structures emp|oying monoener-
to perform a correct analysis, however, not only must theyetic positrons at different applied biases has revealed data
electric field present in the semiconductor be known, bukupporting this model of incomplete ionization within the
some knowledge of the dynamics of the thermalized positromiepletion regior?.
motion, expressed usually through the positron mobility, is In the present study, we investigate the electric field of the
also required. For the case of GaAs, diverse values of posAu—SI GaAs system with the use of PAbositron annihi-
tron mobility, ranging from 32.5 to 880 crAV s, have lation lifetime) spectroscopy using a broad energy distribu-
been reported in the literature, and it has been suggested thain of positrons from a radioactive source. Positrons are
the origin of this spread arises largely from uncertainties inimplanted into the sample from ZNa source, so that posi-
band bending close to the semiconductor substrate sutfacerons were implanted up to a mean depth of aboutub)
In addition to this, it is also to be expected that variations inwhich is of similar dimension to the width of the field region
positron shallow trapping at negatively charged acceptorunder investigation. Different reverse biases are applied to
type defects will be partially effective at room temperature,the Au—SI GaAs structures so as to drift the implanted pos-
and cause some lowering of the mobility vafue. itrons back to the contact, and the intensity of the interfacial
The depletion approximation, in which the electric field atlifetime component is used to monitor the electric-field
a metal-semiconductor junction drops linearly with distancestrength in the depletion region. A major objective has been
is the common assumption that has often been used in the test various possible electric-field profiles, and the posi-
past to model the built-in electric field in most previous pos-tron motion within them. In the first instance we test the
itron works on metal-semiconductor junctiohs® Positron  standard depletion approximation model, and show it to give
diffusion in semi-insulating GaAs has previously been inves-a poor description of our measurements. Then we turn to the
tigated by monitoring the fraction of positron drifted back model proposed by McGreget al,'! and find it capable of
to the metal-GaAs interface under the application of an elecgiving a good prediction of the interfacial component’s in-
tric bias!® The data, analyzed with the assumption of thetensity over the whole bias range. Finally, we model the
depletion approximation, gave a positron mobility of 70 positron drift according to a parametrization of the recent
+10cnfV-1s! at 300 K. However, some nonpositron experimental electric-field profile data of Castaldatial*®
works have recently revealed the failure of the depletion apWhile the results are reasonable at high bias, experiment
proximation in Au—semi-insulatingSl) GaAs systeni!™'®  differs noticeably from theory in the midrange of applied
which report a lower than expected electric field and a mordiases, indicating the need for further investigations.

Positron annihilation spectroscof§AS) has been widely
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Il. EXPERIMENT 20 e T T T T T
The semiconductor substrate used in this study was 15 ¢ I

liguid-encapsulated Cholchralski-growriSl) GaAg100) € ok i1 I i ! i3 i
single crystal obtained from Atramet Inc.. The thickness and ks s
resistivity of the substrate were 0.5 mm and 1.81 5F 3P 1
x 108 Q) cm, respectively. The substrate was cut into smaller PLiLaE . . ‘
pieces having a size of41 cn¥, which were then subject to 708_" . o]
the same degreasing and etching procedures as used Z { { 1 ]
previously*®1* A Au disc with a diameter of 8 mm was 2 600 1 3
electron beam evaporated onto both sides of the substrate at fj& ' { | 3
a pressure of 10° mbar. No subsequent annealing of the 500 _'} { Ep ]
contacts was performed. The radioactive source used for the 400 = i3 G E fgefggs ]
PAL spectrometry was a 3@Ci ?°NaCl encapsulated by gap [T e
kapton foil. This source was sandwiched between the two
sample pieces in a conventional manner, and electrical bias . %% ::EH%
was applied to both sample pieces, and the two inner metal & 230[* tf .51 ]
contacts that were exposed to the positrons were earthed. The © ’ 10t i { t
outer two contacts were connected to a positive bias so as to 220 - i 1
set up an electric field in the sense required to drift positrons L e
back to the internal pair of contact&}* PAL spectra were -100 50 0 50 100 150 200 250 300
collected for applied biases ranging from100 V up to Applied Bias (V)

+240 V, with a conventional fast-fast PAL spectrometer
having a resolution of about 230 P& total of 4x 10° co-
incident events was collected in each spectrum and then an
lyzed with POSITRONFIT softwarel® correction being made
for annihilations taking place in the kapton source foils.

FIG. 1. Fitted value$,, 7,, andr, as a function of the applied
gi_as. All the parameters are treated as free parameters in the fitting
process. A noticeable fitting correlation is seen betweesnd 7, .

proceduré. Since the one-defect trapping motfelvould

suggest a constant, limited just by the free volume of the

IIl. RESULTS AND ANALYSIS positron trapping sites, and the data can easily admit a con-
A. Spectral analysis stant r,, the procedure adopted in this study was that of

i fixing 7, so as to gain maximal information on the variation
It was found that after background and source foil sub-¢| "y removing the undesirable correlation betwégand
tractions all of the spectra could be well represented by

. o %.8 A 7, value of 417 ps was obtained by taking an average
three-exponential component fit, i.e., value of this parameter in the high-bias region. This value is
close to that observed in other worl¢03 ps in Ref. 8, 410
n(t)=2 ﬂexp( _ i) 1) ps in Ref. 16, and 464 ps in Ref. J17and its magnitude

- ; i)’ indicates trapping into some open volume defect site of
~5-A radius?® which may loosely be referred to as interface
N being the total number of spectrum counts, anénd]; voids.
being the respective decay rate and intensity ofithecom- The fitted results of ,, as obtained withr, fixed, plotted
ponent. A long~1000-ps component 0f0.04% intensity as a function of the applied bias, are shown in Figl ,2is
was found to exist in all the spectra. Following Ref. 16, thisnearly constant at about 4% as the sample is in zero or nega-
component was attributed to annihilations from the surfaceive bias, while it increases from 4% to about 13% as the bias
or the spaces in the sample-source sandwich assembly, aigincreased from 0 to 70 V, and then saturated-48% as
its lifetime and intensity were thus fixed for fitting all spectra the bias is further increased. The majority of the risd 4n
so as to decrease any perturbation on the remaining free ppas occurred by-50 V. A similar saturation if, has also
rameters. been observed in Refs. 8 and 17, although with different
The free fit results of the parametdes, 7,, and7; are  saturation voltage§150 and 15 V, respectivelylt is noted
shown in Fig. 1, plotted against the sample bias. It is seefhat|, is not equal to zero under negative and zero biases a
thatl, increases from 2% to 12% as the bias increases frorfact attributed to the natural built in field at the metal-
0 to 80 V, after which it saturates. At negative and zerosemiconductor junctiof.
biases,|, remains nearly constant at2%. In the positive-
bias region, the increase bf is accompanied by a decrease
in 7, whereas in other regions whelg is constantr; is
also approximately constant. This behavior ¢fand r; has In undoped S| GaAs, the EL2 deep donor that compen-
been reported by othet$,and strongly suggests a defect sates for all residual shallow acceptors, thus rendering the
trapping process at the metal-GaAs interface that increases amaterial semi-insulating, is close to the midgap position, and
the applied bias is increased due to positron Gfift>’ its typical concentration is about ¥@m™3. The shallow ac-
In Fig. 1, althoughr, is observed to scatter about 400 ps, ceptors(such as the C impurijythat exist at lower concen-
there is clear evidence of an inverse correlation with trations (~10*cm™3) are thus essentially fully ionized, and
caused by limited spectral information in the data fittingthe Fermi level is pinned close to the midgéla:.—Er

B. Positron drift under the depletion approximation
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= F e A) lation process to an interface is given by the solution of the
Z 200 ] drift-diffusion annihilation equation
s ]
2 100 F - an
] A ] —=V-(nv)—An
o £ =V (v)-an, 5
0 f f ; I// —— ‘(b)
r < ¢ in which the diffusion term has been omitted for simplicity,
| ] and because in the present case of determihinge choose
Sl | to work in the regime where drift exceeds diffusion. In Eq.
T L | (5), n(x,t), v(x), andA are the positron density, drift veloc-
Zz L _ ity, and annihilation rate, respectively. This drift-annihilation
L;’ 5 d 1 equation must be solved subject to the time zero boundary
8 S : — ac@z.5mm), m,=g0em 2y ls condition, which for positrons emitted from the radioactive
“g:é ; a7 5o, my=tatom 2y ls T | source is the close to exponential distribufioff
= a=(36mm)1, m,=141em2v-1s"1 . _
— a=(36mm)'1, m+=300m'2V'1s'1 n(x,O) =Na qu aX), (6)
o i ‘ . ) . ] the constantr being known as the positron absorption coef-
0 50 100 150 200 250 ficient.

The exact solution of Eq5) for a linearly varying elec-
tric field such as given in Eq2) is not one that lends itself
FIG. 2. (8 [V—IRy+ ] as a function of the reverse bias, 0 an easy analytical result. Thus in modeling it, it is normal
whereR,=1.8x10' Q, ¢,=0.8eV, and is the measured current t0 make the approximation of a constant electric figlds
for each applied biagb) Fitted values , as a function of the ap- given by the average value g{x) in this region:
plied bias. The data points in the figure are obtained from the fitting
of the spectrum by fixing,=417 ps, so as to eliminate the corre- 1 eNpp eNpp(dpit V—IRp) 12
lation between, andr,. The modeled curves were obtained by the §=5 =
depletion approximation model and various valuesaoénd u .

indicated. The modeled curves cannot simulate the saturation of thend in the constant electric field bulk region one simply has
I, data.

Reverse Bias (V)

, Y

2 egp&, 2eq8,

£i=IRp/(d=W). ®
=0.6eV for our sample The electric fieldé(x) and the o ) )
electric potentiale are determined at some depthinto a  hese electric fields are then considered to produce positron

planar sample by the Poisson equatfon drift velocitiesv,=v (&) andv,=v (&) in the regions | and
Il, as given by the Schockley expression

de d¢ e | _

T dx s.a.Nop(X) = NA()=n(x)+p(x)], (2) 1

dx r€0 v(€)=V2u € ©)
whereN;, andN, are the concentrations of ionized deep \/1+ V1+(87/3)(p- £lv,)?

donor and shallow acceptor, respectively.
Under the normally employed depletion approximation, it .. L s ;
is assumed that all the deep don@rs., EL2 in this casgin dinal sound velocity in GaAs. Spatial integration of &8)

the depleti . fullv ionized. b thev I IIsubject to the initial conditioi6) now yieldsn,; andn,;, the
€ dep'etion region are fully 1onized, because ey e Well, | \parg of positrons in regions | and Il, respectively, and to

a}bove the bulk Fe”‘.‘"'eve'.Pos'“or?- Thus an abrupt POSIihig may be added the number in the interface staté
tively charged depletion region of widWv, having a charge

density equal toNlpp—N,), is formed and charge neutrality dny (t)
t

whereu, andv are the positron mobility and the longitu-

is maintained outside the depletion region. The solution of

= —)\bn”—Nav“ exq_a(W“‘U“t)]qu_)\bt),

the electric field derives simply from Eq) as® d
e(Npp—Na) dny(t)
§(X)=—(W—X), (3) :_)\bn|+ NCYU“ eX[{—a(W-i-v”t)]eX[i—)\bt)
€r&g dt
the depletion width being given by —Nexp( —A\pt)f(1),
[ 28,80( Pt V—IRy) | M2 A dny(t)
= e(Npg— N , 4 —gr =~ Mzt Nexp(— D (D), (10

¢dpi being the built-in contact potential| the applied exter-
nal bias,| the current passing through the sample, Rgdhe
resistance of sample bulk. f(h=aexp —avit) (t<Wiv))

In its simplest form the problem of determining the frac-
tion of positrons that can drift against the competing annihi- =avyexp—alvyt+(1—v,/lv)W]} (t=W/v)).

where
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From these populations, after some manipulation, the intenvelocity) produced by the increase in the electric field is less
sity of the spectral component that decays as exp() can  marked, being a second-order effect. It thus follows that the
be found a% depletion model cannot predict a saturatgdoehavior for
biases above-50 V.
The same conclusions regarding the inappropriateness of
the depletion approximation relate to the equivalent DBAR
avytAp—Ap data taken on the identical Au—SI GaAs system under ap-
plied bias** It was noted that the line-shape parameSer

. (11)  decreased from about 0.5301 to 0.5281 as the applied bias
increased from O to 50 V, and then saturated at 0.5281 for
higher applied biases. As with the present PAL study it was

In order to compare the model with experiment, the fol-found that the depletion approximation model failed to de-
lowing parameters and constants were taken: Based on ti§gribe the high bias saturation of t8eparameter.
known bulk Fermi-level positiorEc—E=0.6eV and the In conclusion then, both the present PAL measurements
Schottky barrier height ofb,~0.8 eV for Au on GaAs gy, and the DBAR measurements in Ref. 14 indicate that the
was taken as 0.3 e¥/The net charge densifypp— N, was  intensity of the annihilation events coming from interfacial
taken ag EL2]—[C]=1.4x 10'%cm™2 given by the specifi- open volume sites increases first with increasing applied
cations of the manufactures, was taken as 13.2, and in  bias, but then this intensity saturates at biases above 50 V.
Eq. (9) as 4.8 10°cms %8 The potential dropV—IR,  Since the dominant factor effecting the interfacial component
across the contact as a function as a function of the applieithtensity is the width of the high-field depletion region, the
biasV is shown in Fig. 2a), and was calculated from mea- indication is that some limit on this widtkor to a lesser
sured current and takingR,=1.8x10" Q). Regarding the extent the electric field within the widths somehow occur-
positron absorption coefficient there is some disagreement aing above biases-50 V. Such a limitation is not consistent
the correct value for GaAs. Using the formulation of with the expectation of the model involving the depletion
Mourino, Ldbl, and Paulir?! who give a=2.80Z%E~11%  approximation as described above.

wherep is the densityZ is the atomic atom, ané& is the
meanB™ energy, one obtaing=(45um)~ 1. On the other _ ) ) _ o
hand, employing the equation of Brandt and Palin C. Positron drift model with a saturating electric field
=16pEr;1'43, where E,, is the maximumg™ energy, one As mentioned in Sec. Il B, the most likely cause of the
obtains @=(50um)~. To complicate matters further, observed, saturation at biases above40 V is that the real
Schrade? pointed out that the exponential form of @) is  depletion zone widthW is larger than predicted on the deple-
strictly only valid for a collimated radioactive source and for tion approximation model[By inference, the electric field
an isotropically emitting source, a directional averagingwould also have to be less since the integratiog(od) over
should be carried out which reduces the effective valua of the depletion zone must always equate with the applied]bias.
close to the contact. This view has to some extent foungh few years ago McGregoet all! performed a set of a
support from the work of Hansen, Linderoth, and PetefSon, particle pulse height measurement experiments on Schottky-
who, investigating the implantation profile experimentally, contacted GaAs radiation detectors and the results were also
found that there was a superexponential fall at implantatiorsurprising in that they did not match with the depletion
distances less than 5.7 mgcf(~10 um in GaA9. Taking  model based on a fully ionized EL2 donor. Indeed these
these effects into account, Shanal® suggested an appro- workers found that the electric-fielttepletion zone ex-
priate effective value of the implantation coefficient at thetended at a much faster rate into the subst(gtgically ~1
near-GaAs surface. to be in the range-(36 um) ! to (39 um per V of applied bias The discrepancy was explained in
wm)~L It is thus in the present work that we take these twoterms of an enhancement of the electron-capture cross sec-
values as extremes in testing the model. tion of the EL2 center as the electric field reached a critical
A comparison of the above model with experiment isvalue ~10 kVcm Y. The dramatic increase in electron-
shown in Fig. Zb). In these plots two extreme values of 30 capture cross section was seen as preventing significantly
and 141 criV s ! have been taken for the positron mobil- higher fields from existing in the sample since any ionized
ity so as to cover all reasonable values. It is observed theEL2 centers would tend to neutralize quickly at higher
none of the modeled curves can give a good fitting to theields!® Berwick etal,*> and more recently Castaldini
experimental data. The reason is not difficult to find. Withinet al,*®* measured the electric-field profile of a semi-
the depletion approximation model, the depletion width in-insulating GaAs radiation detector directly using the scan-
creases from 0.25 to 4&m, and the average electric field in ning surface potential technique. Their data clearly showed
the depletion region(i.e., &) increases from 24 to 442 that the electric field at the metal-SI GaAs junction does not
kV cm™?, respectively, as the applied bias is increased fromdrop in the linear manner predicted by the depletion approxi-
0 to 240 V. As positrons are implanted into GaAs to a mearmation, but indeed saturated afl0 kV cm ™2, and remained
depth 36—-50um, the increase in depletion width increasesapproximately constant at this value until after some depth
the fraction of positrons implanted into the high-field drift the field dropped to zero. Based on these observations Hu
depletion region. Indeed it is noted from E@GJ) that in the et al® measured effective positron diffusion lengths in biased
first approximationl , goes asaW, i.e., in a~V¥? depen-  Au-SI GaAs and Ni-Si GaAs systems using depth scanning
dence. The increase ¢§ with the positron mobility(drift DBAR spectroscopy. Once again the data indicated a satu-

- av, = A)(A vy /vy
2 av|+)\b—)\2

XEXF[_CYW(]."‘ )\b/av|)]
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rating electric field, the magnitude and width of which were T T '('a)'

consistent with the work of McGregat al*! and Berwick e :
et al? > 5 ]

Modeling the enhancement of the electron-capture cross
section at high field in the manner proposed by McGregor
et al,'* and as slightly modified by Het al,® the ionized
EL2 donor concentration is written in the form:

Electric Field x10

NDD_ NA

Er—Epptde
kT

Npo =N =

0: S e e
CEE
T _

1+2 ex;{

where ¢ is the critical field for the neutralization of the
ionized EL2, andy (McGregoret al's «) is a constant char-
acterizing how fast the neutralization occurs with the increas-
ing field. The first factor in the denominator of E4.2) just
expresses the thermal ionization of the EL2 level based upor
Fermi-Dirac statistics, while the second in a somewduct
hocfashion expresses the sharp onset of Eb2utralization

for electric field ¢ exceeding the cross-section enhancement
threshold até-. Determination of the electric-field profile
with Eq. (12) is not simple because the form cannot be di-
rectly integrated sincélj,— N, is a functional of both the
electric field¢ and the electrostatic potential It is noted,

10

Electric Field x10% (Vem™ 1)

o
n

noNo
o o o
T
-
S
o
! L

-
[3)]
T
1

Electric Field x10% (Vem™ )
P
e
|

however, that the first term in the denominator will only vary 3 g5 _ 1ov aov 100V g 200V 240V 3
for low values ofé and ¢ and that for a semi-insulatdr.e., 3

wheren andp are much less than the concentration of deep 0.0 —————t—=————ta B h
donors or acceptorshe relation between the electrostatic 0 0 100 150 200
potential ¢ and the electric field is known to bé&® Depth (1m)

1 12 FIG. 3. Electric-field distributioné(x) used in modeling the
In _ &‘J_QD positron interface intensity,. (8 Model of Ref. 1 with[Npp
Npp KT —Nale=1.4x10%cm™3, £c=10kV cm %, and y=10. (b) Model
(13)  of Ref. 1 with [Npp—Naler=1.4x10%cm ™3, £c=10kvVem ™,
and y=10. (c) The linear parametrization of experimental data of
where f pp=0pp eXH(Er—Epp)/KT], gpp being the degen- Ref. 13.
eracy factor of the deep donor. Equatiti8) of course as-
sumes a field-independent electron-capture cross section, bitportant point is that the decrease in electric field with
such an assumption seems reasonable in the free-carrier tdgpth is very different from the linear drop predicted within
region described by this equation. Armed with Efp), the  the depletion approximation. The electric field remains fairly
electrostatic potentiap can be found for any, thus effec- ~ constant up to a certain depth, and then drops abruptly. For
tively making NJ;5,—Nj, a function only of& Numerical example, a bias of 240 V now produces a depletion Wldth of
integration of Eq.(12) now gives the electric field profile ~90 um as compared to that of sm under the depletion
£(x) as follows: approxma_tlon. o o o
From Fig. 3a), it is noted that the electric-field distribu-
tion can be divided into two regions, namely, a high-field

2kTNop

€r€o

eXF(_q(,D/kT)"‘fDD

Eréo fémax ¢ _ (149 region and a low-field bulk region, the latter occurring at
a Jeo [Npp—=Na] depths beyond the abrupt boundary of the depletion region.
Thus, in order to perform a fitting for thie data, the same
where &,ax, the maximum field ak=0, is given by model used in the depletion approximation can be used, only
with a slight modification. That is, the positrons in the high-
80 [Emax  EdE field region | and low-field region Il are drifted by the elec-
q fo INT —N. ] =V+ ¢p—IRy. (15  tricfields ¢, andé,, , respectively. The value & is taken as
oo~ Na

the position of the abrupt fall in electric field, whil§ is
taken as the mean @f{(x) in the rangex=0 to W. Positron
Electric-field profiles predicted by the above model at avelocities in the two regions are again described by (Bj.
variety of different biases are shown in FigaB where we and the fittedl, curve obtained using Ed11), setting the
have put é=10kvVcm?, =10, Npp=[EL2]=1.5 implantation coefficienta=(47.5um) 1. The best-fitted
X 10%cm 3, andN,=[C]=1x10"%cm 3. The profiles are curve is obtained as the positron mobility., =100
almost identical to those obtained by McGregbral* The  +10cn?V~'s™!, which is within the range of the previ-
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e R s i - b positron beam study on the metal-SI GaAs system, theory
i could only give a good fit to the data if &NHp— Np) efrective
] value of ~1.4x 10" cm™2 was taken. If the reasons for the
] quasineutral depletion region lies in some enhanced electron
s J capture rate at high fields, we can speculate that the reason
b i for the much lower degree of ionization observed at the edge
;; e (N Naegt 45106 | of _the depletion region finds its origin similarly. Johnsor_1
[ s @7 5um) ! emtooom 2y st pointed out that the well-known transferred electron effect in
E  (Npp At 4x10 %o GaAs would be expected to be operational at much lower
3 a=@7.5um)! p =t65om 2y s | fields (having a threshold field of 3.2 kV cri for GaAs and
E 3 (Nop-Na)ei23x10"3om 3 7 that this could possibly have the effect of increasing the
= a=(@7.5um)" ", y=1850m 2y 1s! electron-capture cross sectionLifband capture was faster.
1 On the basis of the above observations, we tried another
1 trial of fit to the presentl, data by putting Npp
1 —Na) effective= 1.4x 103 cm 3,313 The electric-field distribu-
ol tion generated from these parameters using the above model
0 50 100 150 200 250 is shown in Fig. 80), and is in general agreement with the
Reverse Bias (V) experimentally determined field3. The much slower falloff

. . . __in the field than predicted by Ref. 1Fig. 3@)] is apparent.
FIG. 4. |, data as a function of the applied bias shown with . - . . . 3
the saturated electric-field model fitted curves. The dot-dashed IinThe best fitted curve, taking the positron implantation coef

o ey . . :
is obtained from the electric-field profile shown in Fig(ag icient a—_g4z.15,um)_ S obtalne_d . W'.th M
e, [Npp—Naler=1.4x10%cm 3 and u,=100cnV 1s L. =165cntV 1s ! and is shown as the solid line in Fig. 4. It

The solid line is obtained from the electric-field profile shown is noted that he fitted curve gives a more reasonable agree-
in Fig. 3b), i.e., [Npp—Naler=1.4x102%cm™3 and x, Mentwith the data at lower fields as well as still describing
=160cn?V-1s L The dotted line is obtained from the electric- the high-bias saturation region well. .

field profile of Fig. 3¢) with [Npp—Naler=2.3x 1023 cm 23 and A final study we have carried out is to form a simple
u.=185cntV-1s1 In all fits the implantation parameter has parametrization of the experimental electric field profile data
been taken a& = (47.5.m) L. Increasinge to (36 um) L causes  Of Castaldiniet al.'* These authors wrote the depletion depth
an equally good fitting, but withe,. scaled in inverse proportion.  (defined by the 50% falloff in electric fieldas

ously reported value$The fitted curve is shown as the “dot-
dashed” line in Fig. 4 and is found to increase from about
3% at zero bias to about 13% as the bias is equal to 3Q V.
is then found to saturate at about 12% at higher biases. THehere Wo=24um andk=0.7umV~" This allows us to
saturation of the measurdd value atV>50V can be well Write the plateau electric field that exists frox¥0 to x
represented by the fitted curve although it gives a poorer fit W= 6/2, 6 being the width of the electric field falloff re-

W=W,+KkV, (16)

to the data in the rising regiofi.e., V<50 V). gion, as
Although the electric-field model obtained by putting
Npp=1.5x10%cm 3 and N,=1x10"cm™2 can explain Y
the saturation of, data in the large applied bias region, the §= Wo+kV' (17)

appearance of the electric-field distribution profile does not

match well with experiment. Berwiclet al!? used the The falloff in field from x=W— 8/2 to W+ /2 is taken as
optical-absorption and scanning surface potential techniqudimear as it also approximates, even at the lowest applied
to investigate the electric-field distribution in a semi- voltage, 5 V, studied in Ref. 13. The electric-field profiles
insulating GaAs radiation detector. Results obtained fromare shown for comparison in Fig(@. The fit to thel, data
both techniques were self-consistent, and also showed a ras determined using these profiles is important because it
gion of nearly constant electric field far< 100um (see Fig.  should accurately mimic the real electric-field distribution in
2 in Ref. 13. Very similar results were obtained more re- our samples, but, as seen from the fit of Figdaétted ling,
cently by Castaldinet al,*® that confirm the measurements the agreement is poor. In particularly the risd ofn the bias

of Ref. 12. These results clearly show an approximately unirange 0—100 V is much slower than it should be, although
form electric field within the depletion region, but reveal onethere is a tendency toward saturation which gives the fitted
important difference, namely, that at the depletion width themobility as 185 cm?V ~1s L. The reason for the disagree-
fall to zero field is not abrupt. The data of Ref. 12 indicate ament is not well understood at the present time, but is prob-
falloff distance of about 7Qum, whereas those of Ref. 13 ably related to the superior samples of Ref. 13, which had
suggest that the falloff distance is quite narrowl4 um) at  much lower reverse leakage currents. There are, of course,
low bias, extending in a linear fashion to about @th at more model parameters in the electric-field distributions
higher biases. These falloff distances show that the ndbased on Eqg12)—(15), which in themselves would enable
charge concentration, which we refer to af\Npp  a better fitting over the parametrization based on experiment,
—Np)effective: 1S ~2X103cm™32 which is much lower which has essentially none. In spite of this uncertainty, there
than the value (14 10*°cm™3) expected if all the EL2 cen- are indications that the modeling of the positron electric-field
ters were ionized. It is also of interest, that in the recendrift still demands further refinement. More specifically, Eq.
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(11) models drift over only two regions and ignores diffu- positron implanted side by an application of electric bias.
sion, and may therefore be too approximate. The longer lifetime component in the spectra, attributed to
We note that in all the above modeling, very high valuespositrons that have drifted to the interface, has an intensity
(100-185 criV s 1) are obtained for the positron mobil- that increases with increasing reverse bias and which satu-
ity in GaAs. Such values are generally much higher thamrates at about 12% for biases above 50 V. We have shown
found from diffusion length and Doppler shift measurementghat attempts to describe this behavior using the standard
(30—120 crAV 1s71).3 Attempts to modify the electric field metal-semiconductor depletion approximation fail, and can-
or to cater for possible systematic errors in thedata seem not explain the observed saturation. In contrast, when we use
unable to account for the discrepancy. Indeed, the saturaticthe model of McGregoet al,'! that features an EL2neu-
of I, at ~12% coupled with the fact that the positrons aretralization dependent on the electric field, such that above the
drifting in a region of nearly uniform electric field,,, nec- critical field é{.~10-15kV cmt a quasineutral region de-
essarily implies a relatively high mobility. This follows be- velops behind the Schottky-like junction, then good agree-
cause under these conditions E¢l1) reduces tol,  mentwith the experimental data can be achieved. In particu-
=ap, €l (au i €t Np—N>), and the mobility can be es- lar the saturation observed in the intensity of the interfacial
timated accordingly since component above-50-V reverse bias can be well explained.
In agreement with the surface profile data of Berwétlal 12
Ao—Np Iy and Castaldiniet al,® we find a better description of the
M= . (18 data if we do not allow the electric field to drop abruptly to
afsar 115 zero at the edge of the depletion region. Our data are consis-
tent with a net charge density (1—2)x10*cm™2 within
&he falloff region. Surprisingly, when we perform the posi-

8 - 2y-lol tron drift modeling on a direct parameterization of the data
range of 35-5Qum,” a mobility of ~95:35¢nTV s *is ot castaldiniet al, a less than perfect fit to the data is found
deduced. . . _ ___in the midbias range of 30—150 V, although the high-field

One possible explanation for a higher positron mobility iS5y, ration is as expected. The reasons for the discrepancy are
that positron shallow trapping occurs at room temperaturé, o \ye|| understood. It is possible that some of the discrep-
thus limiting the observed mobilitywhile under the satu- ancy is due to the oversimplified model describing the posi-

rated electric field the cross section for shallow trapping beg.q grift, hut other explanations have also been forwarded
comes diminished, thus raising the observed mobilin-  ¢,cn a5 the neglect of the lateral variation of the electric
other similar suggestion is that there is some reduction in thg 4

qoncent.ration of ioni;ed defects_or im_purities in. the deple- While the present study has revealed the need for further
tlpn region, thus 'ea,d'f‘g,to less impurity Sca“e“”g- AN c’b'investigations to explain fine structure in the positron drift
vious example of this is in fact the EL2 defect, which takesg, heriment in the midbias range, it must not be overlooked
on a reduced level of ionization in the quasineutral depletion, i \ve now have a good understanding of the general shape
region. Positron beam diffusion length experiments wouldyt e interface intensity variation. It is now clearly under-
.nc()jt. be lso ls?nsmr\]/e to tB'IIS' typeh_ofhprr:enomegon, since tge¥tood that, as the bias increases beyond 40—50 V, the electric
indirectly infer the mobility (which has to be assume field at the positron injecting contact is saturating. At the

electric-field independenfrom the diffusion coefficient.In same time, since the depletion region expands at the rate of
the same context, it must also be recognized that our present, 7 umV~L the electric field covers the whole range of

understanding of the current transport at the metal—SI GaAﬁositron implantation(35-50 um). Application of further

junction is far from complete. Itis known, for example, that pioq can neither affect the drift velocity of the positron nor
the reverse current through the junction is anomalously highe region of positron capture, and the interface intensity
if considered to be purely thermiorié.Recently Santana remains constant.

and Jones suggested that since S| GaAs is a relaxation semi- o interesting finding of the present work is that with the

conductor, the generation current through some deep inte{jsq of the saturated electric-field model, the positron mobil-

mediate level is likely operative in enhancing the reversqty is estimated to be-95+ 35 cn?V st which is higher

3 - +
current?. The changg in charge state Of. SOMe SUCThan other recent estimates. We have suggested that perhaps
generation-recombination center close to the interface coul mobility in this range is a more accurate estimate of the
ble |mp9rtanthwr|]th regard tokpc:csnron mo?onr.] Tdhese '%ea%orrect mobility, and that other factors such as positron shal-
also tie in with the recent work of Mazzet al.who detected \, ranning and impurity scattering are operative at room

marked lateral variations in current transport across thggmperature and low fields which lower the value to 30-50
metal-SI GaAs interface as if the density of interface state mPV-1s L At higher saturation fields either the reduction

was also varying lateral§” The neglect of these strong lat- | 'the shallow trapping cross section or the number of ion-

eral variations in the electric-field modeling is another likely i, scattering centers could have the observed mobility-
source of error in the present work that must be rectified ir}aising effect.

future studies.

With the electric field at the interface saturating in the rang
(1.0-1.5x10*Vem t and an effective mean implantation
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