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The influence of concurrent Zn diffusion on the interdiffusion in a GaxlnJ _ xAsvPl _y-InP 
heterostructure (x = 0.28, Y = 0.61) was investigated using Auger electron spectroscopy and 
secondary-ion mass spectrometry. The measured profiles showed that the Zn diffusion (600 ·e, 
1-4 h) predominantly enhanced the cation On-Ga) interdiffusion. The result could not be 
interpreted by the Zn-vacancy complex model. Under conditions of a group V overpressure, 
our results suggest that cation interstitials may control both the rate of Zn diffusion and the 
mixing of the group III sublattices in the InP-based alloy system. 

Impurity diffusion enhancement of interdiffusion 
(IDEI) in a III-V heterostructure has been the main theme 
of several recent papers 1-8 to study impurity diffusion and 
self-diffusion. The observations of IDBI have led to an in
sight into the role of impurity-induced crystal defects on the 
movement of host atoms, which was overlooked in the exist
ing impurity diffusion models. Q-ll Several mechanisms for 
IDEl, in particular for Zn and Si DEI in the GaAs-based 
alloy systems, have thus been proposed considering electri
cal interactions between the dopant and the crystal defects 1 4 

and/or modifying a diffusing defect species.4
•
6 In addition, it 

has been pointed out that an experimental investigation on 
the differences in diffusion enhancement on cation (group 
In) and anion (group V) atoms would be informative to test 
the proposed mechanisms and to clarify the dominant defect 
governing the impurity diffusion. 2

-4 In recent reports on Zn 
diffusion in lnAlGaP-GaAs5 and InGaPAs-GaAs7 hetero
structures, it has been demonstrated that IDEI due to Zn 
diffusion occurs predominantly on group III atoms. These 
results strongly support the proposal4 that the group III in
terstitial is the dominant defect responsible for the alloy mix
ing and the Zn diffusion. 5

,7 

In contrast to the Zn diffusion in GaAs, a dominant 
defect related to Zn diffusion in InP is widely known to be a 
complex of a Zn atom and two P vacancies (Vp Zn Vp ) .n.Ll 

However, the IDEI behavior in InP-based aHoy systems is 
not well established, and the validity of the complex model 
has not been examined through the observation of IDEI. In 
the present work, we report that the predominant intermix
ing of group III atoms due to Zn diffusion is also observed in 
a Gaxln j _ xAsyP 1- y-InP ex = 0.28,y = 0.61; emitting at a 
wavelength of 1.3 [lm) heterostructure. Our results are not 
consistent with the expectation from the complex model, but 
rather consistent with a mechanism involving a group III 
interstitial, similar to that in the GaAs-based structures. 

For this study, undoped GalnAsP layers (0.8-2 lIm 
thickness) were grown on (100) S doped (6 X 10 18 em - 3) 

InP substrates by a conventional liquid phase epitaxy (LPE) 

a) Department of Electrical Engineering, Pohang Institute of Science and 
Technology, Pohang, Kyungbuk, Korea. 

growth technique using a horizontal furnace under hydro
gen gas ambient. In order to reduce the influence of pre
doped S in the substrate on alloy mixing, a 3-,um-thick un
doped buffer layer was sandwiched between the quaternary 
layer and the substrate. The LPE growth was carried out 
using a two-phase solution technique described in the paper 
reported by Arai et al. 14 Zn was diffused into the hetero
structure in an evacuated silica ampule at 600 °e employing 
a mixture of Zn3 P2 and InP as the Zn source. The depth 
profiles of matrix elements were analyzed using the sputter
ing Auger electron spectroscopy (AES) with 3.5 keY Ar j 

ion bombardment and recording the depth distribution of 
Ga (1067 eV), In (399 eV), As (1224 eV), and P (120 eV) 
peaks. The depth profiles of Zn, Ga, and As were also mea
sured by secondary-ion mass spectrometry (SIMS) with a 
Cs + beam (to detect Zn) and an 0/ beam (to detect Ga 
and As) at Charles Evans and Associates, Redwood City, 
California. The absolute value of Zn concentration in the 
heterostructure was estimated from a comparison with the 
data from the Zn-implanted InP standards of known dose. 

Figures 1 (a) and 1 (b) show AES depth profiles for the 
as-grown and Zn-diffused samples (600 ·e, 1 h) of a 
GuxIn l xAsyPJ _y-IllP heterostructure (2-,um-thick qua
ternary), respectively. There is little change in the profiles of 
P and As after Zn diffusion. In contrast, the In and Ga pro
files are significantly changed in the whole LPE layer. We 
note that the In and Ga profiles are discontinuously changed 
at the interface, i.e., In is depleted on the right side and accu
mulated on the left side of the interface, while Ga is distribut
ed with the opposite tendency_ Furthermore, a considerable 
outdiffusion of Ga from the surface is observed. 

The large difference in the intermixed depths of group 
III and V atoms is clearly confirmed also in the SIMS pro
files for a 4 h, Zn-diffused sample (O.S-pm-thick quater
nary) as shown in Fig. 2. The peak of Ga intensity at the 
interface is also identified in this sample; however, its 
abruptness is less noticeable because of the poor resolution of 
SIMS analysis for high concentration components. The re
sults shown in Figs. 1 (b) and 2 indicate that the Zn diffusion 
in this structure induces a predominant intermixing and re
distribution of group III atoms, as observed in other systems 
such as InAIGaP-GaAs,5 InGaPAs-GaAs/ and InGaAs
Inp. 15•16 
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FIG. I. AES profiles for Cal as-grown and (b) Zn-diffused (i h, 600 "C) 
Gaol' Inon As".,,! Po ]9 -InP heterostructure. The Zn diffusion induces sig
nificant intermixing of group III atoms (In and Gal showing discontinuous 
profiles at the interface, while the group V atoms (P and As) profiles are 
little changed. 

The discontinuous interdiffusion profiles of In and 
Ga at the interface that appeared in Fig. 1 (b) might be 
originated from a lattice-matching condition which should 
be significantly affected during the intermixing. Such dis
torted interdiffusion profiles have also appeared in the 
InAIGaP-GaAs5 and InGaAs-Inp l5 structures. While in the 
InxGal_yPyAsl_y-GaAs (x = 0.06, Y = 0.05) hetero
structure7 with In and P contents low enough that the 
change in lattice parameters of both layers during intermix
ing is negligible, the whole In profile showed a nearly com
plementary error function curve throughout the diffusion 
scale of - 5 flm depth. 

We try to explain our observed results with the existing 
models for Zn diffusion and IDEI in III-V compounds. The 
migration of group HI atoms can be promoted if the Vp Zn Vp 
complex moves through the exchange of a Zn atom and a 
neighboring In (or Ga) atom followed by a sequential mi
gration of P (or As) vacancies as proposed by Yamada et 
al. !3 In this process, however, the migration of P vacancies 
should be accompanied by a considerable intermixing of 
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PI G. 2. SIMS profiles for Zn diffused (4- h, 60(tC) 0110.28 Ino.72 ASo6l po. '9 -

InP heterostructure. The large difference in the interdiirusioll depths of 
group III and V atoms is clearly shown. Ga is accumulated near the inter
face and outdiffused from the surface. 
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group V atoms. In the original complex model,12.17 it has 
been supposed that the Vp Zn Vp complex is i.mmobile and 
that a diffusing species to transport Zn atoms is only an in
terstitial transited from the complex or other substitutionals. 
In this case also, the migration of group V atoms via P vacan
cies or P interstitials is essential for the formation and disso
ciation of the complex. Furthermore, the annealing condi
tion under an overpressure ofP given from the Zn} P 2 source 
used in this study would suppress the formation ofP vacan
cies needed for the Vp Zn Vp complex. Therefore, we rule out 
the Zn complex models for the observed result in our diffu
sion system. From the observed insignificant anion interdif
fusion, we also rule out other vacancy (single vacancy or 
divacancy) migration modes2 through first nearest-neigh
bor hopping, as discussed in the previous works.7

,15 

Therefore, we suggest that the cation interdiffusion in 
this structure would be enhanced by a similar interstitial 
migration process as proposed4

,5,7 to explain the Zn DEI 
behavior in the GaAs-based alloys. The most likely mecha
nism to create the interstitials of host elements by Zn diffu
sion is a kick-out mechanism proposed by Gosele and More
head, 18 in which Zn; occupy a cation site generating a cation 
interstitial as the following reaction4

,7,18: 

Zn/ + IUm (or Gam) = Znmtn + In; (or Ga;) 

+ (m + Oh +, (1) 

where the subscripts i and III denote interstitials and cation 
sublattice sites, respectively, and h is a hole. Since a portion 
ofZn atoms appears to be acceptors in Inp I2 and GalnAsP, 19 

we assume that the Znm exists as a neutral (m = 0) or a 
singly ionized (m = 1) isolated substitutional because of in
complete ionization. 20 In the statistical aspect, the value of m 
in reaction (1) may be taken as an average charge of the 
Znlll in a local volume, which is 0 < m < 1. The interstitial 
species, In; and Gaj , generated by this mechanism are ex
pected to move rapidly from the quaternary layer, and then 
displace host atoms by the following reaction7

: 

In, + Gam = Inm + Ga;< (2) 

For simplicity, the charge state of self-interstitials is as
sumed here to be neutral, even though the positively charged 
interstitials may be a dominant diffusing species under a p
type doping condition by the Fermi level effect 3,4 Depend
ing on the charge states of ZnllI and self-interstitials, the 
number of holes involved in reaction (1) is varied.4

,8 Further 
investigation on the electrical states of these species is re
quired< 

j Based on the kick-out mechanism, we can analyze the 
relative diffusion rate of cation sublattices to Zn atoms. The 
mass action law for Eq. (1) with an assumption of 
lht] =m[ZnmJ gives18 

[HI,] [Znm] m + 2/[Zni] 

= [III; ]'[Zum ]"rI f2/[Zn;]' = constant, (3) 

where III; is cation interstitial, [ 1 denotes concentration, 
and [ l' denotes equilibrium concentration. Considering 
only the surface plateau region of the Zn profile where the 
whole interdiffusion is restricted as shown in Fig. 2, we sim
ply assume that an equilibrium for the Zn and cation intersti-
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Hals is maintained in this region. 10,18 Then the rates of the 
increase ofZnm , Gam, and Inm concentrations are propor
tional to the fiux gradient of each interstitial species if the 
diffusion coefficients of substitutional species are neglected, 
i.e" B[Gam lIat = DGa, a2 [Ga, ]lBx2 as an example for Ga 
species.lO,tS Combining Eq, (3) with these diffusion equa
tions assuming [III;] = [IIIJ' for Zn diffusion and [Zn i ] 

= [Zn l ]' for group III interdiffusion, we obtain the ratio of 
effective diffusion coefficients of group III and Zn atoms: 

1 DIll, (IIIi] I [Znml'2m f 4 

(m + 2) Dzn, [Zn; ] , [Znm ] 2m t 3 (III] , 
(4) 

where DIll, and Dzn, are, respectively, diffusion coefficients 
ofIll, and Zn" and [III] is the total concentration of cation 
sub lattices. This equation implies that Dill I Dzn is propor
tional to Dm, IDzn , and [IIII ],/[Zn;]" which may be the 
main factors dependent on matrix materials. In our system, 
DIll I Dzn is estimated to be about 1/400 from the SIMS pro
files of Ga in Fig. 2 and of Zn obtained from a 1 h, Zn
diffused sample (not shown) using the approximation of 
D;:::::.x2It, where x is the diffusion depth and t is the diffusion 
time. This value is much smaller than the data obtained in a 
GaAs-1no.o6 G1I;:).94 Po, 1\ AS(),R9 heterostructure,21 which are 
between 1/15 and 1/10 at the temperature range of 650-
730"C. Such a low enhancement effect ofZn on cation inter
diffusion in the InP-based structure may be attributed to a 
relatively small value of DIll, I DZni or [III; l' I [Zn; ]' in this 
system. The Zn DEI behavior in real systems should be more 
complex than the assumptions leading to Eg. (4), Since the 
III, (or III; t ) would be supersaturated in the Zn-diffused 
region, a recombination process of Illi with sublattice sites 
may control the interdiffusion.4 Furthermore, a large stress 
induced by intermixing near the interface will cause a local 
failure of the normal diffusion kinetics dependent on the 
concentration gradient, as indicated in Fig. ! (b), and could 
suppress the advance of intermixing. 

In summary, the relative enhancement effect on group 
III and V subl.attices due to Zn diffusion was determined in a 
GaInAsP-InP heterostructure. Predominant enhancement 
on group III interdiffusion is observed by the Zn diffusion 
with a P-rich source, and is not consistent with the expecta
tion from the Vp Zn Vp complex model. This result is in 
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agreement with a kick-out mechanism, and suggests that the 
Zn diffusion in InP- and InP-related alloys is controlled by 
cation interstitials rather than anion vacancies under a 
group-V-rkh diffusion condition. A local disturbance of 
concentration gradient dependent interdiffusion is observed 
at the mixed interface, which may be due to an interfacial 
stress induced by intermixing. 
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