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Trap-limited diffusion of hydrogen in Zn-doped GaAs
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An effective diffusion coefficienD . for hydrogen in zinc-doped GaAs is accurately determined within the
temperature range 90—150 °C and for doping levelsl g 3.4x 10'® cm 2 andN,=2.6x 10 cm 3. The
effective diffusion coefficients are measured directly from the profiles and satisfy the Arrhenius equation
NaD =P, exp(—Ep/kT), whereEp=(1.36+0.04) eV andP,=(875%x10?° cm /s. The measured acti-
vation energyEp=(1.36:0.04) eV is found to be closely matched to previously determined values for the
dissociation energy of the zinc-hydrogen complex, whbilg is inversely proportional to the acceptor concen-
tration. The values oD consequently display the same temperature dependence as the zinc-hydrogen dis-
sociation kinetics. The diffusion process, under the experimental conditions of this Stady50 °C, Np
>2x 10" cm3), is found to be controlled entirely by the association and dissociation processes of hydrogen
with the zinc atoms and to be independent of the intrinsic diffusivity of hydrogen in the GaAs layers.
[S0163-18299)11627-9

[. INTRODUCTION factor D;,, also called the diffusion constant, depends on
entropy effects. A review of available diffusion studies on
An understanding of the migration of hydrogen in crystal-silicon and GaAs suggests that the values reporte®fare
line semiconductors is a challenging problem. Atomic hydro-only “apparent” values, instead of the true intrinsic value.
gen is affected by various effects during its motion throughThis deviation fronD; stems from a diffusion model used to
the lattice, such as interconversion between the monatomiextractD; not fully incorporating all aspects of the diffusion
charge statésH™, H°, and H, trapping by immobile impu-  process. Excluding experimental factors that influence diffu-
riies and lattice defects? and hydrogen-hydrogen sion will therefore result inD; showing a dependence on
interaction? such as molecular hydrogen {Hand dimer these factors, which in turn could vary from one diffusion
(H%) formation® study to the next. The reliability of a reported diffusion co-
The most commonly used technique for investigating theefficient should therefore be rated by the number of factors
diffusion behavior of hydrogen has been secondary ion magsfluencing the diffusion process and how well the diffusion
spectrometry(SIMS). This technique yields the hydrogen model takes them into account.
distribution directly and has the advantage of providing the In many cases, however, an effective diffusion coefficient
total hydrogen concentration. However, due to the largdef is produced by applying the standdfelckian) diffusion
background signal, SIMS is only feasible for relatively largemodel to the hydrogen profiles. The profiles, which are usu-
hydrogen concentrations. The indirect technique ofally hydrogen passivatidf or redistributiod®* profiles, are
capacitance-voltage Q-V) measurements provides the fitted either by an error function or the measured diffusion
charge density of the ionized dopants within the depletiordepthL inserted into the expressioDeyz=L?%/t. Since the
region of a reverse biased Schottky barrier diode. The reducstandard diffusion model excludes hydrogen interaction ef-
tion in charge density is then related to the amount of dopfects, the resulting values are expected to have a dependence
ants neutralized by the formation of dopant-hydrogenon the density of trapping sites within the material and the
complexe$® Diffusion profiles are generally obtained by dissociation energies of the defect-hydrogen complexes. This
exposing the samples to a hydrogen/deuterium plagma  appears to be the case when studying the redistribution pro-
proton bearhand monitoring the introductiofor redistribu- ~ files of post-implanted deuterium mGaAs: Sit* which pro-
tion) as a function of time and temperatdre. vided an effective diffusion coefficient expressed by an
An important parameter used to describe the migration ofArrhenius equation with an activation energg,, e«
hydrogen(or any impurity in a semiconductor, in the ab- =1.43 eV and a prefactdd, =90 cnf/s. The similarity
sence of trapping centers, is the intrinsic diffusion coefficientof the activation energy and the silicon-hydrogen dissocia-
D;. High-temperature diffusion experimeh@nd computer tion energy of (1.250.05) eV (Ref. 4 suggests that
simulation studie$"** have showrD; to display an Arrhen- dopant-hydrogen interaction could be involved in the diffu-
ius temperature dependence sion process. The same is noticed for diffusion studies on
deuterium plasma exposetGaAs: Si*? which yielded an
activation energy of 1.38 eV by fitting the complementary
D =D. exr{_—Em} 1) error function to the deuterium profiles. Although the mea-
toTte kT |’ sured activation energies are explained by the dissociation
energy of the Si-H complex, no clear relationship has been
whereE,, is the migration activation energy required for the established for the prefact@r, ¢ in GaAs.
hydrogen atom to leave its equilibrium lattice site. The pre- To extract the intrinsic diffusion coefficient from the class
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of diffusion studies in which the hydrogen profiles are de-rect exposure of the samples to the H plasma resulted in a
pendent on the conditions by which the hydrogen is introdarge hydrogen concentration up to a depth~e®.5 um,
duced requires complex diffusion models to take factors sucfollowed by a sudden decrease. This high concentration of
as the interaction of hydrogen with itself and defects intro-hydrogen, together with the possible defects introduced dur-
duced during hydrogenation, variations in the surface hydroing the exposure to the plasmaimpeded the reactivation of
gen concentration, as well as the built-in electric field, intothe zinc-hydrogen complexes within the near-surface region.
account. Although the hydrogen distribution profiles are usuJhis problem was overcome by hydrogenating the lagérs
ally simulated well by the model used, the large number of€r fabricating the ruthenium contacts (400-450 A thick
parameters required could prevent the solution from bein his approac_h resulted in an even d|str|but|o_n of neutrallzed
unique. cceptors, with the passwated region stretching dee|_o into the
The majority of diffusion studies on GaAs used SIMS to layer. '_I'he electr'l(.: field produced by the Scho.ttky diode re-
profile the migration of hydrogen. This is, however, the firstSt/t€d in the positively charged hydrogen species undergoing
diffusion study to our knowledge op-type GaAs that uti- f!eld-a55|sted dnft_ away from the surface _dunng hydrogena-
lizes the neutralizing property of hydrogen to obtain diffu_t|on, thereby leaving the near-surface region less passivated.

. , ) . N .~ The efficient reactivation of these layers, compared to layers
sion profiles. In this work, the effective diffusion coefficient exposed directly to the plasma, suggested that the ruthenium

is accurately determined for zinc-doped GaAs by performing,erjayer minimized both surface damage and the accumu-
the diffusion study independently from the passivation pro1ation ‘of near-surface hydrogen observed for directly ex-
cedure. This is achieved by employing the ability of theposed layers.
charged hydrogen species to undergo field-assisted drift, in pue to the annealing procedure utilized in this work, the
order to produce a hydrogen gradient within the bulk of theschottky diodes were required to remain functional after ex-
samples. This is then used as a starting position from whickended periods of reverse-bias annealing. Annealing experi-
to initiate the diffusion of hydrogen back towards the sur-ments on rutheniunp-GaAs Schottky barrier diodes re-
face. The ability of hydrogen to neutralize acceptors is usedealed superior annealing properties and an improvement in
to determine the hydrogen distribution froB+V measure- barrier height upon hydrogenation.
ments of the free-carrier distribution. This technique has the The distribution of active acceptomd,, was measured
advantage of using a relatively small hydrogen concentrassing a standard capacitance-voltage\() measuring tech-
tion, as compared to that required by SIMS. The formatiornique. The total hydrogen concentratif;] was extracted
of molecular hydrogen is hence minimized and the built-infrom N, using the approximationfHr]=[ZnH]+[H"]
field at the passivation edge reduced. The influence of defect Na—Nace=[ZnH], where[H" ] and[ZnH] denote the con-
centers formed during hydrogenation is also eliminated byeentration of free hydrogen and zinc-hydrogen complexes,
obtaining the diffusion profiles within the bulk of the layers. respectively. The assumption that "] is negligible com-
The diffusion model used describes the diffusion procesgared to[ZnH] will be validated in Sec. VI.
fully using only three parameters. The initial conditions of All anneals were performed in the dark in air using a
the model are also simple and well defined. filament-heated quartz tube. The initial hydrogen distribu-
A previous study by Zundel and Webwhich applied tion, from which the diffusion experiment is to be initiated,
this technique to boron-doped silicon, revealed the diffusiorwvas produced by reverse-bias annealing the Schottky diode
process to be independent of the intrinsic diffusion coeffi-in two stages: for the No=3.4x 10" cm* material, the
cientD; and entirely controlled by the trapping and detrap-first anneal was at-150 °C for a period of 30 min, with the
ping of hydrogen by the boron atoms. This technique ha$chottky diode reverse-biased at 4 V. The initial step profile
recently been used to demonstrate the trap-limit diffusion ofor the No=2.6x 10" cm™® material was produced by 2.3
lithium in p-type GaAst® The present study is, however, V reverse-bias annealing at 125°C for 40 min. The lower
believed to be the first report of the technique being used teequired voltage is due to the smaller space-charge region of
study the diffusion of hydrogen in GaAs. the higher doped material. This first anneal ensured the fast
In Sec. Il the sample preparation and experimental proce-eactivation of the near-surface region, as well as an even
dures are discussed. In Sec. Il the measurement of the hlistribution of neutralized acceptors that stretched deep into
drogen profiles is described altly is extracted in Sec. IV. the bulk of the material. This was followed by a second
The dependence of the diffusion process on temperature aghneal at the diffusion temperatufgy; for approximately 1
zinc concentration is illustrated in Sec. V and discussed ih. The second anneal al; ensured that the temperature
Sec. VL. stabilized before the diffusion anneal was initiated. The dif-
fusion experiment was initiated directly after the second an-
neal by terminating the bias to the Schottky diode. The
Il. EXPERIMENTAL DETAILS sample was then annealed for a duratigp, after which it
Zinc-doped GaAs N,=3.4x10' cm 3 and Np= was cooled rapidly to room temperature for t8eV mea-

2.6x 101 cm~3) was grown by metalorganic vapor phase s-uremenFs, using Ijquid nitrogen. Before obtaining-a diffu-
epitaxy (MOVPE) on p*-GaAs, orientated 2° off thé100). sion profile for. a differentyy;, the ;ample was again two-
Initially the GaAs layers were hydrogenated by exposinggep.rev.erse—blag gnnealet_d to obtain another initial hydrogen
the as-grown samples to a dc hydrogen plasma at a tempe istribution (The initial profiles were all closely matched.
ture of 60°C for 1 h. Note that this passivation temperature
is significantly lower than previously reported valdées.
Schottky diodes were then formed by electron beam evapo- As a typical example, the diffusion of hydrogen Bfi
ration of ruthenium onto the hydrogenated surface. The di=114°C in aN,=3.4x10® cm 2 sample is illustrated.

Ill. DIFFUSION RESULTS
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10" . . . — IV. ANALYSIS

] The redistribution of hydrogen shown in Fig. 2 is inter-
(@) : preted as follows: hydrogen atoms that have dissociated from
the zinc atoms undergo random motion in the absence of an
electric field. The concentration gradient, however, causes a
] net flux of hydrogen from the high concentration region to
"tasassensan ] the low concentration region. The hydrogen impurity shows
: an amphoteric behavior by taking on three possible charge
statess H*, H™, and H, with their relative concentrations
dependent on the positions of the energy levels induced by
0.2 0.4 0.6 0.8 the hydrogen impurity within the band gap. The efficient
Depth (um) passivation and reactivation of acceptors, together with the
existing uncertainty in the positions of the energy levefs,
FIG. 1. Active zinc concentratiom, in hydrogenated Zn- has |ed to the assumption that, within the Fermi-level range
doped GaAs, aftefa) a two-step 4 V reverse-bias anneal abfla  of this study, hydrogen predominantly exists in the positive
subsequent 40-min zero-bias anneal at 114 °C. charge state H. This results in the dissociation-association
reaction H +Zn~~(ZnH)° being the dominant process in-
The C-V measurements on the hydrogenated layer showed fiuencing diffusion, while the formation of molecular hydro-
98% neutralization of acceptors, stretching at leasu®  gen may be neglected. The free hydrogen concentration
into the layer. Figure (B) showsN, following the reverse- [H"] is then described by the modified diffusion equation
bias anneals. The acceptors in the near-surface region (
<0.3 um) of the layer have been completely reactivated. + 2r g+
This is followed by a sharp decreaseNp.;, which reaches aHl = ﬁa [H] _&[ZnH],
an even distribution after 0.eem. This distribution is ex-

plained in the following way: positively charged hydrogen where D;" is the intrinsic diffusion coefficient of H in

atoms resulting fr_om the _dlssoma_ltlon of zmc-h_ydro_gen COM--rs The termi[ ZnH]/4t accounts for the association and
plexes undergo field-assisted drift from the high-field near-

surface region of the Schottky diodes to the low-field region,?ézse?ﬁ;aé'%n of H atoms with the zinc acceptors and is rep-
where it recombines with zinc atoms at the edge of the y

space-charge region.
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The acceptor distribution following the zero-bias anneal is d[ZnH] .
shown in Fig. 1b). The sharp initial acceptor profile has o~ Oz(Na=[ZnHD[H" = vzl ZnH], - (3)
become smoothed, withN,; having decreased forx _
<0.4 pum and increased fax>0.4 um. where o, is the capture rate of Hby the acceptors and

Figure 2 shows the hydrogen distribution extracted from¥znn iS the dissociation rate of the acceptor-hydrogen com-
the active acceptor profiles fdg;=22, 40, and 80 min. Plex. The parametew ., can be expressed in terms of the
Note that the curves are only intended to show the generdlydrogen diffusivity and the capture radius of the ionized
trends of the hydrogen profiles. The hydrogen concentratioinC atomR, according to the relationrz,,=4RD;" . The
[H+] progressively decreases for increasing anneal times iflissociation frequency of the zinc-hydrogen complex is de-
the regionx>0.4 um, while a corresponding increase is Scribed by the Arrhenius equation
evident in the regiox<<0.4 pm.

— ED
T T T T T VznH= Vo EXF{F ) (4)
1.0F T =114°C —
= initial with the values v,=7x10" s'! and Ep=(1.33
=T 08 iﬁ 2::3::: +£0.03) eV having been determined previously by thermal
o o6l & 80minutes, .2 ] reactivation studie’’
e - Wik An analytical solution to Eqgs(2) and (3) provides an
S o4l _ effective diffusion coefficienDq, which is measured di-
£ rectly from the experimental diffusion profiles. Following
2 o02f N,=3.4x10"cm® | the arguments of Zundel and Weleb,. is represented by
H,=2.9x 10" cm®
002 0.3 ol4 oI5 ola 0.7 v
. . . . . . Deff: ZnH , (5)
Depth (um) 47RN,

FIG. 2. Normalized hydrogen distribution in Zn-doped GaAs Which hasno dependence ol;", thus implying that the
(Np=3.4% 10 Cm_3), after zero-bias annealing for various times diffusion process is entirely controlled by the association-
at 114°C. H, denotes the total hydrogen concentration for dissociation reactions.
>0.6 um. The curves are drawn as an aid to the eye for determin- The derivation of Eq(5) is based on the assumptions that
ing the trends of the data. (i) the dissociation-association processes are in dynamic
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TABLE I. The effective H diffusion coefficienD . calculated TABLE II. The effective H diffusion coefficienD o calculated
using Eq.(6). Total zinc concentration ibl,=3.4x 10" cm 3. using Eq.(6). Total zinc concentration isl,=2.6x 10 cm™3.
Tair (°C) Dest (cn/s) Tair (°C) Degt (cn/s)

89 2.17x 10715 100 (1.59-0.36)x 10 15
114 (3.72-0.55)x 10" 14 123 14310 4
130 (2.020.71)x 1013

148 (1.18:0.12)x 10" *2

obeys the same kinetics as the zinc-hydrogen complex. To
obtain an activation energy, the diffusion experiment de-
scribed above was repeated at 89°C, 130°C, and 148°C.
The resulting diffusion profiles were similar in shape, with
Ghe point of intersection remaining relatively unchanged. The
values obtained fob 4 are given in Table I.

In order to ascertain whether the inverse dependence on
N, is satisfied, the diffusion experiments were also per-
formed onN,=2.6x10"" cm 2 doped material. Exposing
these samples to the H plasma resulted in an even neutral-
ization of zinc acceptors which stretchedlL.5 wm into the

1 1 layer. The normalized diffusion profiles obtained by zero-
Deﬁ:m [s(D]?" (6) bias annealing at 100 °C for 30 and 60 min are shown in Fig.
3. Although the profiles are also asymmetric, an approxi-
wheres(t) is the gradient of the normalized hydrogen pro- mately linear region exists for<0.12 um. From the slope,
files at[Hy]=3H, . The measured profiles depicted in Fig. 2an effective diffusion coefficient of Dgs=(1.59+
are, however, asymmetric, with the curves crossingHs] 0.36)x 10 1% cn?/s was calculated. A diffusion profile was
~0.70 H,. Measurement o$(t) at the H, concentration also obtained at 123°C by zero-bias annealing for 5 min.
will therefore be at smaller depths with respect to the initialThe results are summarized in Table II.
hydrogen profile. The nearly linear dependencétdf] on x To show the inverse dependencelnf; on N, , the prod-
in the range 0.3—-0.45.m will, however, result irs(t) being  uct P=N,D.g is plotted in Fig. 4 as a function of T/for
insensitive to this change in position. By measuring the slop@&,=3.4x10% cm™3 (solid circles and N,=2.6x 10"
in this region for the different annealing times, a mean valuem 3 (open squargslt is evident that the values foM D o
for the effective diffusion coefficient ofD 4= (3.72+ are well fitted by the Arrhenius equatiof?=P,exp
0.55)x 10" cn¥/s is determined. The displacement of the (—Ep /kT), with P,=(875%x 10?° cm /s and an activation
inflection point from3H, is discussed in Sec. VI. energyEp=(1.36-0.04) eV. By substituting Eq(4) into
Eq. (5), P is instead given by

equilibrium  throughout the diffusion procesdi.e.,
d[ZnH]/9t=0), that (i) vzu>oz[H"], and that (iii)
ozauNa/vz=>1. These assumptions are discussed in Se
VI.

If the initial hydrogen distribution is approximated by a
steplike distribution [H{]=0 for x<0.4 um and [H]
=H, for x>0.4 um), then the effective diffusion coeffi-
cient is given b§

V. DEPENDENCE OF THE DIFFUSION PROCESS ON
THE TEMPERATURE AND ZINC CONCENTRATION

Equation(5) predicts thaD ¢ is inversely proportional to p— Vo ex —Ep @
the acceptor concentratidw, and that the diffusion process 47R kT
. . . . Temperature (°C)
10LT =100°C 160 140 120 100 80
» initial AAdes 10° T T T T3
— 0.8} ° 30minutes 3 3
I ¢ 60 minutes .
T 06} - — 10§ 3
g o
T _ i S
E 0.4 S 10° . -
2 ool N,=26x10"cm® D%
17 -3
0.0 7 | H°_2'4X|10 cem =* 10° E e N,=34x10"cm” 3
© 0.05 0.10 0.15 0.20 F o N,=26x10"cm’
1 1 1 ] 1 1 1
Depth (um) 1058 24 25 26 27 28
FIG. 3. Normalized hydrogen distribution in Zn-doped GaAs 1000/T (K™
(Np=2.6x10'7 cm™3), after zero-bias annealing for various times
at 100°C. H, denotes the total hydrogen concentration for FIG. 4. Arrhenius plot oP=NaD¢. The solid line represents

>0.2 um. The curves are drawn as an aid to the eye for determinthe fit of the equationP=P,exp(—Ep/kT) to the data, withP,
ing the trends of the data. =(872%%x10?° cm Y/s andEp=(1.36-0.04) eV.
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Excellent agreement exists between the activation energy 3.0
Ep=(1.36:0.04) eV and the zinc-hydrogen dissociation
energy of Ep=(1.330.03) eV. TakingR=30 A (from [
the approximatiokk T=e?/[4me R]) andv,=7Xx 10" s71, s0l
the prefactow,/(4mR)=2x10° cm /s is calculated and

25

1.5}

found to compare reasonably well to the measured value ﬂ
Po=(872%%x10%° cm Ys. < ol
VI. DISCUSSION 0.5
i iffusi iCi 0.0 P R S R
The results have shown the effective diffusion coefficient 50 o0 2o 20 ” 0

Dqi to be accurately represented by H§). The inverse
dependence on the acceptor concentration, together with the

k,nOW|edge that t,he dl_ffu_SIOn activation energy equals the FIG. 5. The relative change in diffusion length across the step in
zinc-hydrogen dissociation energy, strongly suggests that thﬁydrogen concentration versus the measured inflection points. The

diffusion process is entirely controlled by the dissociationgata are from this worksolid squaresand from Ref. &(solid tri-
and association of hydrogen with the zinc atoms. This isyngles.

further supported by Ed5) being independent of the intrin-

sic diffusion coefficient. This independence By will be  over short time intervals. This numerical analysis revealed
the case if the time that hydrogen is captured at a zinc atorthat the rate at which the acceptor-hydrogen concentration
significantly exceeds the time spent diffusing betweenreached equilibrium significantly exceeded that of the diffu-
nearest-neighboring zinc atorhdhe intrinsic diffusion co-  sion process. This was observed for a large range of diffu-
efficient will therefore only affect the solution to the diffu- sivity and capture radius values. The association and disso-
sion equation$Eqgs.(2) and(3)] if a significantly small value  ciation processes, therefore, maintain the acceptor-hydrogen
is substituted when attempting to solve the equations numerezomplex concentration at a dynamic equilibrium.

cally, thereby implying a longer diffusion time between zinc  From assumption§) and ii), the effective diffusion co-
atoms. Thus, if the diffusion process is entirely trap-limited,efficient is represented by
only a lower limit can be assigned to the intrinsic diffusion

coefficient when trying to find a numerical solution. This is

Inflection point (%)

+
the case for the hydrogen diffusion study by Zundel and D..— Di ®)
Webef on boron-doped silicon. eff 47RD; N,

The deviation of the measured inflection point frgr, 1+ Voo

is believed to be a consequence of the asymmetry of the
initial hydrogen profiles. This is thought to result from an The fact that the data in Fig. 4 rigorously satisfy the Arrhen-
increase in diffusion length as the hydrogen undergoes fieldUs Eq.(7) implies that
assisted driftduring reverse-bias anngdbwards the accu-
mulation region. A larger step in the active zinc concentra- A7RDNay 074N,
tion will therefore produce a more notable change in the = =
diffusion length, and hence a more asymmetric initial distri-
bution. TheN,=3.4x 10'® cm™2 material, which has a step is much larger than unity for the range of diffusion tempera-
in concentration of 2.810'® cm™ 2, has an inflection point tures and acceptor concentrations studied, which supports as-
of roughly 0.70 H, whereas thé\,=2.6x10'" cm 3ma-  sumption(iii). A lower limit to the acceptor concentration of
terial, which has a 2410 cm™? step, has an inflection ~2x10" cm 2 is calculated afl g=148 °C by setting3
point at about 0.80 K. The slightly smaller step of =1. This implies that a trap density below
2.1x 10 cm 3, reported by Zundel and Web®rwould  ~2x10' cm2 will result in the diffusion process becom-
therefore explain their measured inflection point of 0.5¢. H ing increasingly affected by intrinsic diffusion and conse-
The relative change in the diffusion lengtih /L) across quently leading td ¢ deviating from the Arrhenius relation.
the step in hydrogen concentration can be estimated, since Assumption (i) (vzn>0zu[H']) was previously
the diffusion coefficient has been shown to be inversely provalidated by suggesting it to be equivalent tpH"]
portional to the active zinc concentration. HentesNy Y2, <[ZnH]. It is, however, believed that these assumptions are
which yields AL/L=[(Na—H,)/Na] ¥>—1. The relation- not equivalent. Due to the fact theti* ] is unknown at the
ship between\ L/L and the inflection point of this work, and diffusion temperatures, and due to the uncertainty expected
that of Zundel and Webérjs illustrated in Fig. 5. It is evi- in the previously reported values fog (Ref. 19 andD;" St
dent that smaller changes in hydrogen concentration are preifs not possible to directly verify assumptidii). However,
erable in this kind of experiment, since it will result in a the agreement between the measured activation energy and
more symmetric initial profile, which will be approximated the dissociation energy, together with the reasonably good
better by a perfect steplike distribution. agreement between the measuyetercept and calculated

In order to find an analytical solution to the diffusion prefactor in the present work and in other studiéssuggest
equations(Egs. (2) and (3)], a few assumptions had to be that Eq.(5) is essentially correct.
made in Sec. IV. Assumptiofi) has been verified by using Finally, in order to extract the hydrogen concentration
Egs. (2) and (3) to monitor the change ifiznH] and[H™] from the measured free-carrier density profiles, it was as-

©)

VYznH VznH
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sumed thafH" ]<[ZnH]. To show this, Eq(3) is rewritten  be achieved by performing the diffusion experiment at tem-

as follows by takingd[ ZnH]/at=0, and using Eq(4) and  peratures well in excess of 200°C or by reducing the zinc
ozmy=47RD;", concentration in the GaAs. Both modifications would make

diffusion measurements difficult due to the restrictions im-

N 4 posed by the Schottky diode stability a@dV depth resolu-
[H"] _ vols (10) tion. An alternative could be to use magnesium-doped GaAs
[ZnH] N Ep—En "’ instead. Until now, passivation of Mg-doped GaAs has been

4mRDjo expf — 7 unsuccessful due to a possible small capture radilksit
B ] . could, however, be successfully passivated, diffusion results
Here A=Np—[ZnH]=[Zn"]. A maximum[H"] to [ZnH] \yith a sensitivity toD;" could be achieved, while at the same
ratio of ~0.4 is calculated using the paramet€f§t  (ime retaining a sufficiently high doping density to allow
=148°C, Ep=1.36 eV, A=(Na—H,)=5x10"° cm ™3, .y profiling.
vo=7x10" s71, and the valueD;;=4.21x10"° cné/s
andE,,=0.58 eV determined by Rahkt al’

This ratio quickly decreases with decreasing temperature VIl. CONCLUSIONS
and with increasing carrier concentrations. The condition
that[ H*]<[ZnH] will therefore also be satisfied at the mea-
suring temperatureT(=300 K), thereby ensuring that the
relation,[Hy]=[ZnH]+[H"]=[ZnH] holds true.

The independence @4 on the intrinsic diffusion coef-

It has been shown how the ability of hydrogen to undergo
field-assisted drift can be utilized to produce a hydrogen gra-
dient from which to initiate the diffusion of hydrogen from

the bulk of the material towards the surface. The results il-

ficient also suggests that the diffusion process is unaffecteI strate how the rgsulting O.”f.fUSion profiles are_used to obtain
by the diffusion path and corresponding potential barriersugseg?gwe \(/j\;:iiilc\)/il]e?gegel(t:le?rgaz dTvCﬁh?;(F;EZTeergtaé:/eitre
The diffusion process is consequently expected to be similarram e ng—'148°c and for the zinc concentratid?cl _
for different semiconductor materials with a sufficient impu-3 4%< 101 cm 2 and N,=2.6x 107 cm 2, satisfy ﬁthe
rity density. This is indeed the case, with the same trap dex’ . , AT i ;
pendence having been demonstrated in a similar diffusiofTNeNIUS - equation NaD = P"gﬁp(_EPékD’_Yv'th Ep
study on boron-doped silicdhThe only significant differ- — (1-36=0.04) eV and Po=(8"5 )X 10° cmY/s. This
ence between Fig. 4 and their reported values is a slightu99ests thaDeq has an inverse dependence on the density

difference in gradient due to the smaller dissociation energ! ZInC acceptors and that the diffusion process obeys the
of the boron-hydrogen complex in silicon. The activation S&Me kinetics as the dissociation of the zinc-hydrogen com-

energies obtained from the diffusion studies performed b>plex. It is concluded that, within the experimental conditions
Zavadaet alX® and Chevallieret al'? on n-type GaAs also of this study, the diffusion of hydrogen within the GaAs

suggest that the diffusion process is trap limited within thel<_’;1ttice is entirely controlled by_the asspciation and dissocia-
ranges of their experimental conditions. tion processes of hydrogen with the zinc acceptors and that

The insensitivity of the diffusion process B resulted the diffusion process is independent of the intrinsic diffusion

in the numerical analysis of hydrogen diffusion in boron- C0efficient of hydrogerD;" in the GaAs.

doped silicofi only providing a lower limit to the diffusivity
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