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Surface morphology of InGaAs and InP layers after local Zn diffusion from
the vapor phase in the MOCVD reactor
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Abstract. The influence of technological parameters during the local Zn diffusion from the
metalorganic source DEZn in the MOCVD reactor on the surface morphology of the InGaAs
and InP layers was investigatéehr a longterm process (more than 120 minutes) of local Zn
diffusion into InP through the InGaAs surface layer, erosion of InGaAs surfacebses/ed
regardless of the material of the dielectric mask §S&N.), the method of deposition of the
dielectric mask (plasma chemicdépositionor chemical vapor gmsition) and method of
etching of the dielectric mask (plasma chematahingor liquid chemical etching). The effect

of lateral Zn diffusion under the dielectric masksformed on InGaAs/InP heterostructures

has been studied. It was found thatdleeth of Zn diffusion in lateral direction into InGaAs is
several times less than the depth of lateral Zn diffusion into InP layer. At the same time, a
decrease in the thickness of the InGaAs surface layer leads to an increase in the depth of lateral
diffusion of Zn under the mask due to the mechanism of vertical Zn diffusion from t@& InP
region into the InGaAs surface layer.
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Introduction

The Zinc (Zn) diffusion into AllIBV compounds makes it possible to form local regions with a
requireddepth and a controlled profile of electrically activype dopantThat process is
widely used for the fabrication of various optoelectronic and photonic devic2ksifitluding
avalanche photodiodes (APDs) based on InP/InGaAs heterostructures with separate photon
absorption regions in InGaAs layer and multiplication of photogenerated charge carriers in the
InP layer [3 4]. There are several main approaches to the diffusion process: diffusion in a sealed
ampoule [56], Zn diffusion from the applied coatingi[@], Zn diffusion through a narrow gap

using a planar source i[20], diffusion from the vapor phase in an open tube 121

Zn diffusion from the vapor phase in an open tube is the most preferable since it simultaneously
ensures high uniformity of Zn diffusion over the sample area and reproducibility of the process.

Traditionally, a dielectric mask based on gibl used to carry out the local diffusion
process [1B14] because it allows to make diffusion process at elevated temperattirg3][15
A dielectric mask based on Si@lso provides the required impermeabibifyZn at moderate
temperatures [120] and can be used to create an APD based on'ti®Y material system
[8,10,21 23]. The choice of dielectric is due not only to the availability of the appropriate
dielectric deposition technology but also be relaedhie features of the dielectric mask
formation technology. Thus, several studies have noted the problem of a sharp increase in APD
dark counts when using plasma chemical etching to form a sudietin InP within the
photosensitive region necessary to obtdinastageront of thedistributionof a ptype dopant
in a single Zn diffusion process [24i fact, the effect of trapassisted tunnelinf25] canbe
enhanced in comparison with liquid chemical etching of InP [26] apparently caused by defects
introduced into InP during the plasma chemical etching process. It can be assumed that the
transition from plasma chemical etching to liquid chemical etchurgng the formation of a
dielectric mask may affect the characteristics of the APD.

In this paper weresenthe results of a study of the local Zn diffusion from the diethylzinc
(DEZn) metalorganic source process technological parameters on the surface morphology of
InGaAs and InP layers effect and considers the effect of lateral Zn diffusion into InGaAs/InP
under a dielectric mask depending on the thickness of the InGaAs surface layer.

Experiment
The InGaAs/InP heterostructures were grown on InP substrates and consisted of undoped InP

3.5 Om thick layer, an undoped InGaAs 50 nm

stoplayer and an undoped InGaAs 250 nm thick surface layer (type | heterostructures). Type
Il heterostructures were formed from type | heterostructures by sequential selective chemical
etching of the InGaAs surface layer and the InAlAs dayer. Type Il heterostructures were
formed from type Il heterostructures by selective cloairetching of the InGaAs layeiown

to undoped InP layer.

The process of Zn diffusion from the vapor phase into InGaAs/InP heterostructures was
produced at the MOCVD Aixtron AIR00 system and DEZn was used as a metalorganic
source of Zn with the flow of DEZn 2 . 5%mnbl@nin (a thermostat temperature wasAlT ) .

The Zn diffusion process was performed at a temperature oASD0 and a react or
50-200 mbar. To preventleteriorationof the InGaAs and InP surface morphology at
temperatures above 480C a s t flavisiofl Ask iand °PH was fed into thereactor
respectively.

To carry out local Zn diffusion process a dielectric mask was fownetthe surface of
the studied InGaAs/InP heterostructures usaiper SiNx obtained by plasma chemical
deposition or SiG, obtained by plasma chemical deposition or by chenviapbrdeposition.

The requiredtopology of the dielectric mask was formed using contact photolithography
followed by plasma chemical etching or liquid chemical etching of the dieletriobtain a






