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Compositional variation in initial growth was observed in experiments of Liquid Phase Epitaxy (LPE). It is thought that the cause is the ﬂow of the melt which is generated by the
movement of the whole melt from the place where there isn’t substrate to substrate before
growth. The phenomenon was simulated with one dimensional model in InGaP growth with
diﬀusion limited model to which simpliﬁed convection term is added. The velocity of melt
ﬂow was approximated to Stokes’s ﬁrst problem. It was shown that the solid of larger In
composition than In composition in the case of no ﬂow of melt grew. In this paper, two
dimensional model of melt ﬂow is adopted. In transport of solute, two dimensional model is
also adopted except for the growth interface. Similar result to one dimensional was obtained.
Moreover, complicated structure exists in compositional variation.

terface. Diﬀusion limited model for the transport

1. Introduction
In LPE, the growth condition at the interface
is approximated to equilibrium between the solid
phase and the liquid phase.
The part far from the interface is supersatu-

phenomenon was used for the simulation of LPE.
Last year, the method to solve diﬀusion limited
model for compositional variation was proposed1) .
On the other hand, before crystal growth starts,
melt is moved from the place where there isn’t sub-

rated during the growth. Therefore in more precise simulation, transport phenomena of materials
are considered in addition to equilibrium at the in-

strate to substrate. The process generates ﬂow in
the melt. It needs to add convection term to diﬀusion limited model to describe compositional varia-
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Fig.1 Movement of melt just before crystal grows

tion. It was shown by calculation that the convection aﬀects compositional variation.2) The calculation model of ﬂow was one dimensional model.
In this paper, melt ﬂow is two dimensional model.
The diﬀusion equations are two dimension.
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2. Calculation model
2.1 Experiment to analyze and thermodynamic model
In this paper, the experiment of LPE in refer-
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ence 3) is analyzed. Crystal grown on substrate is
InGaP.
The melt consists of In, P and Ga. Solvent is In.
Melt and solid phase at the interface were treated
as equilibrium state. Thermodynamic model at
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Fig.2 Coordinate system

the interface is same as reference 3). The phenomenon within 1 second after growth start is
treated. Therefore temperature is approximated to
constant during the growth. It was adopted that
growth temperature is 782 degrees in the reference

stationary.
(c) The velocity of the bottom is set to 0.
The coordinate system is shown in Fig.2.
The
melt size of x direction is 0.8 cm and that of z di-

3).
2.2 Flow of melt
In LPE process, melt is supersaturated where
there isn’t substrate. Then melt is moved to sub-

rection is 0.22 cm. Origin of coordinate is located
at the mid point of the interface.
2.3 Review of one dimensional model2)
Velocity of melt ﬂow is approximated to the an-

strate to grow crystal on the substrate. Because the
bottom which the melt touches remains stationary,
the movement generates ﬂow in the melt (Fig.1).
In calculation model, it is represented as follows.
(a) Initially, melt is stationary.

alytic solution of Stokes’s ﬁrst problem. x component of velocity u is given as follows.

(b) Next, the bottom of the melt moves at a
speed of U0 for time t0 = (the distance of the
movement 5 cm) /U0 and sides of melt remain
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where ν is the kinematic viscosity of the melt and
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No flow

mole fraction of component i in the melt at position
x,z and growth time t. Component i represents Ga
and P. Di is the diﬀusion coeﬃcient of component
i. DGa /DP = 0.56. The value was used in reference
3) to ﬁt simulation to experimental results. DP =
1.6E-4 cm2 /s so that calculated growth thickness
is ﬁt to experimental results. Equations (2) were
solved by ﬁnite diﬀerence method explicitly. Mesh
size in the direction of z is 6.6E-5 cm to detect
compositional variation of solid at t=0.01s. Time
interval Δt is set so that equation (2) is solved stably.
2.4 Calculation of two dimensional ﬂow
Basic equations are the conservation of mass and
Navier-Stokes equations.
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where L is the size of melt in the x direction. a is
composition of solid Ina Ga1−a P. Xil (x, z, t) is the

∂u
∂w
+
= 0,
∂x
∂z

Ratio of compositional
variation of In in InGaP
to initial In composition [%]

is 1.7E-3 cm2 /s4),5) . Diﬀusion equation was added
to simpliﬁed convection term.
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Fig.3 Compositional variation of In in InGaP
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∂z 2
The boundary condition is equation (3). And the
solutions are substituted to Xil (x, z = 0, t) and In
composition of Ina Ga1−a P a on all over the interface. Equations (7) were solved by ﬁnite diﬀerence
method using u and w solved from equations (4),(5)
and (6) explicitly. Mesh size in the direction of x
is same as that to calculate the ﬂow of the melt.
Mesh size in the direction of z is same as above one
dimensional model. Time interval Δt is set so that
equation (7) is solved stably . Mesh size in the direction of z and Δt are much smaller than those
used to solve the ﬂow. Therefore u and w were interpolated by the cubic spline for z direction and
linearly for time.

3. Results and discussion

where ρ is density and p is pressure. These
equations were solved numerically with SIMPLE6) .
Mesh size in the direction of x is 2.9E-3 cm. Mesh
size in the direction of z= 1.4E-3 cm. Time interval

In the experiment3) , the solid InGaP of large In
composition grew for the period within 5 seconds
from growth start. It is thought that the convection

Δt is set so that courant number is less than 0.5.
2.4.1 Transport of solute in the melt
The basic equation is as follows.

of the ﬂow in the melt was strong for the period.
After the period, the solid InGaP of small In composition grew for the period when it is thought that
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the convection of the ﬂow in the melt was weak.
In one dimensional calculation2) it was shown
that the solid InGaP of larger In composition than
In composition in the case of no ﬂow of the melt

Compositional variation of solid InGaP is calculated with two dimensional model of the melt ﬂow

grew initially. In two dimensional calculation, similar result was obtained. Moreover, complicated
structure, for example such as smaller In composition than In composition in the case of no ﬂow of
the melt grew when growth time was between 0.105

and the transport of solutes except for boundary
condition at the growth interface in LPE. The solid
InGaP of larger In composition than In composition in the case of no ﬂow of the melt grew initially.
This point is consistent with experiment and one

seconds and 0.259 seconds, exists. Fig.3 shows the
results ,where 0 of vertical axis corresponds to In
composition in the case of no ﬂow of the melt.
The complicated structure is caused by the ﬂow
of the melt. When the ﬂow transports concentrated

dimensional model. In two dimensional model, In
composition is greater than that in the case of no
ﬂow at almost growth time, but decreases when the
ﬂow transports dilute solution. This phenomenon
is understood by considering the inﬂuence of the

solution, boundary layers are ﬁlled with solutes2) .
When the ﬂow transports dilute solution, opposite
phenomenon occurs. Diﬀusion coeﬃcient of P is
larger than diﬀusion coeﬃcient of Ga. Therefore
the boundary layer of P is aﬀected more strongly

ﬂow on the mole fraction near the boundary layer.

than that of Ga because that of P is longer than
that of Ga.
The composition is decreased at point P1 when
growth time is 0.12 seconds. A vorticity is generated near the mid point of the growth inter-

4. Conclusions
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face. The ﬂuid around the vorticity ﬂows form
the growth interface where solution is dilute and
upward near the mid point of the growth interface. Because the ﬂow transports dilute solution,
decrease of P is larger than that of Ga. Intuitively,
it causes that the incorporation of P to solid more
decreases than that of Ga. In solid InGaP, total
mole number of In and Ga is same as the mole number of P. Therefore the incorporation of In more
decreases than that of Ga.
In Fig.3, composition of In in InGaP is increased
at point P2 growth time 0.278 seconds. The ﬂow
transports concentrated solution to the mid point
of the growth interface. The increase of In in InGaP
is understood by similar consideration.
In Fig.3, composition of In in InGaP is decreased
at point P3 growth time 0.7 seconds. The melt
ﬂows upward at the mid point of the growth interface. The ﬂow decreases In composition in solid
InGaP for the same reason.
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