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The diffusion characteristics and incorporation characteristics of Zn dopants in OMVPE-grown InP
are studied. The Zn diffusion constant depends strongly on concentration and increases by four
orders of magnitude in the Zn concentration rangs 1D®-8x10'® cm 3. This drastic
concentration dependence of the Zn diffusion constant is shown to determine the Zn incorporation
characteristics during OMVPE growth. A spread of Zn dopants into intentionally undoped regions
may result at high Zn doping concentrations in InP.1895 American Institute of Physics.

Zinc (Zn) is the most frequently used acceptor in InPwidth increases from 253 to 369 A. The broadening of the
based compounds grown by organometallic vapor-phase eprofile is accompanied by a decrease in peak concentration
itaxy (OMVPE).! The characteristics of Zn dopants gi¢  from 4x10'" cm3to 2x10'" cm3,
high electrical activity(ii) moderate diffusion at concentra- The changes in peak concentration and profile width al-
tions <10*® cm™3, (iii) controllable incorporation with no low us to deduce the diffusion constant of Zn in InP. In the
“memory” effect, and (iv) low residual toxicity’~’ These following analysis, we assume that the diffusion constant of
characteristics make Zn preferable in InP over oftiype  Zn is,within a small concentration rang&dependent of the
dopants such as Be, Cd, and Mg. High doping concentrationdn concentration. This allows us to model the Zn dopant
are desirable in many semiconductor devices in order to reProfiles in terms of Gaussian distributions. Assuming that the
duce parasitic resistances a@R@time constants. However, it Zn peak concentration before and after annealiny,isand
has been shown that the incorporation of Zn at doping level&2, respectively, the diffusion constabtis given by

in the 1018_ cm 3 regime is pr?splematf’h9 and that Zn dop- J2Dt= 0y (N2/N2—1)*2, 1)
ing levels in the high 16® cm2 range cannot be achieved
by epitaxial growth. wheret is the annealing time andg, is the standard deviation

It is the purpose of this study to investigate the diffusionOf the initial Gaussian distribution. The full-width at half-
characteristics of Zn in InP. We show that the diffusion char-maximum (FWHM) of the in\i/ial dopant distribution and
acteristics display a strong dependence on concentration. Wer are related by FWHN=2y2 Inn 20;. Using Eq.(1), a
further show that the diffusion characteristics are instrumendiffusion constant of X 10~** cn¥/s is deduced from the

tal in the incorporation process of Zn during OMVPE. experimental data shown in Fig. 1.

The InP layers were grown by OMVPE gf01) ori- The diffusion constant can be also inferred from the
ented InP substrates. The horizontal flow growth system used'ange in profile width using
trimethylgallium, trimethylindium, diethylzinc, arsine, and \/ﬁ=(o§—oi)1/2, )

phosphine as precursors. The epitaxial layers consist of a first . o o
0.5 um thick undoped InP buffer layer, a uniformly zn Whereo is the standard deviation of the profile width after

doped layer with thicknesses of either 200 A and 2000 A, ghermal annealing. The standard deviation can be inferred
second 0.5um thick undoped InP layer, and a Qu2n thick ~ from FWHM,=2y2 In 20,. We have also modeled the Zn
GalnAs cap layer. The ternary GalnAs cap was included tgprofiles using a concentration dependent diffusion constant.
reduce the sensitivity of Zn diffusion on the ambient during
annealing. Subsequent to the epitaxial growth, the samples s s
were annealedi) in the growth chamber under phosphine @ P : Zn ®) InP: Zn
overpressure anfi) in an AG Associate 410 rapid thermal
annealer with the epitaxial side of the wafers covered by
another InP wafer in order to reduce the outdiffusion of
group-V elements. The Zn doping profiles were measured by
secondary ion mass spectromet8iMS) using 5.5 keV pri-
mary Cs ions and a sputter rate of 80 A/s. Relative sensi-
tivity factors were derived from InP:Zn implant standards.
The SIMS profiles of Zn dopants in InP for an as-grown
sample and a sample annealed at 700 °C for 200 s are Shown  ‘oes osi~ ose o3z ® om0 oei  ose o
in Figs. @ and Xb), respectively. The intended width of the DEPTH z (um) DEPTH z (um)
Zn doping pulse is 200 A. Upon annealing, the SIMS profile

FIG. 1. Secondary ion mass spectrometry profile of a Zn doping spike in InP
grown by OMVPE (a) before annealing an¢tb) after annealing undeP
3E|ectronic mail: efs@clockwise.att.com overpressure at 700 °C for 200 s.
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FIG. 4. Secondary ion mass spectrometry profile of Zn-doped InP grown by

FIG. 2. Diffusion constant of Zn in InP as a function of Zn concentration for OMVPE at different Zn precursor flows given in sccm.

the three temperatures 700, 750, and 800 °C.

_ _ _ ~ T=800°C. At Zn concentrations<2Xx10'® cm 3, the
Comparison of these models with experimental profilesjiffusion constant is approximately I62 cné/s. For Zn
yields similar diffusion constants as compared to the resultgoncentrations=8x 108 cm™3, the diffusion constant is ap-
obtained from Egs(1) and(2). ~_ proximately 108 cn/s.*! The striking feature displayed in

The diffusion constants of Zn in InP are shown in Fig. 2Fig. 3 is the drastic increase of the diffusion constant in the
as a function of the Zn concentration. The diffusion constant,arrow concentration range>2L0'8 cm 3<N,, <8x10
displays a general trend of an increasing diffusion constants - ;-3, The magnitude of this increase comprises four or-

. . H 18 —3 . . .
with Zn concentration. At Zn concentratiors 10°° ¢m™,  gers of magnitude. We point out that at the present time, no
this trend is sublinear, i.e., weaker thanDacNz, depen-  gyjtable model explaining the drastic change in diffusion
dence. _ _ constant exists. Conventional mod&sincluding defect-
- tis wellé knoyv3n, that Zn doping concentrations exceed-aggjsted diffusion and the substitutional-interstitial model
ing 3X10°° cm™® cannot be achieved during epitaxial cannot account for the peculiar dependence of the diffusion
growth by OMVPE or any other epitaxial growth tech- .gnstant displayed in Fig. 3.
nique®°In order to determine the diffusion constant of Zn The distinctive concentration-dependence of the diffu-
; : ; 18 -3
in InP at concentrations exceedingx30 ?rm » 2N sjon constant influences the Zn incorporation during epitaxial
must be diffused into InP from an external sou tel Com- growth. Figure 4 shows the Zn doping profiles of four dif-
bining this experimental technique with the one outlinedfgrent InP samples grown with four different diethylzinc pre-
above yields the Zn diffusion constant in the entire conceng ,rsor flows. i.e.. 1. 3. 10. and 30 standard® gar minute
tration range of interest. _ (sccm. The inset of Fig. 4 depicts the intended doping dis-

Figure 3 shows the diffusion constant of Zn in InP over g tion. At the lowest Zn precursor flovl sccm), the mea-

a large concentration range for a diffusion temperature of,;eq zn doping profile agrees with the intended profile.
However, for higher Zn fluxes, the Zn concentration reaches
a maximum of 2.2 10'® cm~3 which is not exceeded

-7 UL T T TTTrIT T T TTITTF TTTTTTIm T TETTIT . -
°F ' ! ' even at the highest Zn precursor flow. Instead, the Zn profile
@ 8L InP:zn R e -] broadens significantly and Zn diffuses towards the substrate
t £ 7=800°C : as well as towards the surface of the epitaxial layer. At a Zn
a 0oL i ] flow of 30 sccm, the profile broadens from the intended pro-
= i file width of 0.2 um to a measured profile width of 0.46m.
z : ! ] . . L .
5 ool : N The incorporation characteristics of Zn into InP can be
5 understood on the basis of the strong concentration depen-
2 _11:_ ; _ dence of the Zn diffusion constant. As the intended doping
g1 e 5 level exceeds 210'® cm™3 Zn atoms diffuse very rap-
iy - ot ] idly. As a result, Zn doping profiles broaden at high concen-
o L I SRR T - ; o N :
o S + 3 trations, beyond their intended distribution width.
o | | | | ] We point out that the concentration of X208 cm™3,
10 1016 1017 1018 1019 1020 1021 which is the maximum achievable concentration during our

Zn CONCENTRATION Ny, (cm-3) OMVPE growth experiments, is not a solubility limit. Trans-

mission electron microscopy did not reveal any evidence of

FIG. 3. Diffusion constant of Zn in InP at 800 °C as a function of zn ZN Precipitates even at the highest Zn precursor flows. The
concentration. absence of precipitations is consistent with a solubility limit
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