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GaN deposition equipment and processes for the fabrication of white LEDs (Light Emitting 
Diode) using MOCVD (Metal Organic Chemical Vapor Deposition) were numerically modeled 
to analyze the effects of a reactive gas introduction strategy. The source gases, TMGa and 
NH3, were injected from a shower head at the top of the chamber; the carrier gases, H2 
or N2, were introduced using two types of injection structures: vertical and horizontal. Wafers 
sat on the holder at a radial distance between 100 mm and 150 mm. The non-uniformity 
of the deposition rates for vertical and horizontal injection were 4.3% and 3.1%, respectively. 
In the case of using H2 as a carrier gas instead of N2, the uniform deposition zone was 
increased by 20%.
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I. Introduction

Recently, technological progress in the growth method 

of GaN and related compounds on sapphire substrates 

has stimulated development in the fabrication of 

optoelectronic devices operating in the blue and 

near-ultraviolet wavelength regions [1]. GaN-based 

nitride semiconductors have attracted much attention for 

use in commercial optoelectronic devices such as LED 

(Light Emitting Diode) bulbs, which are designed to 

replace traditional electric bulbs. Mg is prevalently used 

as a p-type dopant because of its low activation energy 

[2]. The p-type doping of GaN film has been achieved 

with the introduction of Mg impurities [3,4]. Due to the 

compensative role of hydrogen as a donor, Mg-doped 

GaN film is highly resistive when used as an as-grown 

epilayer formed by metal-organic chemical vapor 

deposition (MOCVD) [5].

In the compound semiconductor industry, which 

requires mass production systems, MOCVD is a solution 

that can satisfy the demand for high volume production. 

To manufacture GaN thin films on small sapphire 

substrates of 2∼4 inches diameter, heavy capital 

investment is necessary to purchase and run the large 

amount of MOCVD equipment or to increase the size of the 

substrate to 8 inch, as in the case of the fabrication of 

semiconductors. For high production yield management, 

deposition uniformity should be improved based on within 

wafer, wafer-to-wafer, and lot-to-lot repeatability. For 

uniform deposition in MOCVD, the core strategy is to 

employ uniform flow distribution of the mixed reactive 

gases and uniformity of the substrate temperature. 
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Figure 1. Schematic diagram of MOCVD system for GaN deposition.

Table 1. Volume reactions of GaN deposition modeling.

Number Equations Apf (Ea/R)f

1 TMGa→ MMGa + 2CH3 3.5e15 29750

2 TMGa + NH3 → TMGa-NH3 1.0e9 0

3 TMGa-NH3→ TMGa + NH3 9.5e9 9500

4 TMGa-NH3→ Ga-2(CH3)-NH2 + CH4 1.0e13 16000

5 TMGa-NH3 + NH3→ Ga-2(CH3)-NH2 + CH4 + NH3 1.0e9 7500

6 3Ga-2(CH3)-NH2 → Ring gas 1e15 0

7 Ring gas → 3GaN(g) + 6CH4 4e15 30000

Reactant uniformity is dependent on the position and the 

structure of the gas inlets and outlets. The source gases 

may be injected using a shower head above the substrate 

with different configurations of carrier gas injection 

method.

In this article, the effects of carrier gas for vertical 

and horizontal injection were numerically modeled. Also, 

the effects of using H2 or N2 as the carrier gas were 

determined. In the literature, numerical simulation of 

rotating disk type reactors [6], horizontal tube type 

reactors [7], and inductively heated planar type reactors 

[8], have been reported.

II. Numerical Modeling Scheme

The model of MOCVD for GaN deposition is shown in 

Fig. 1. The size of the substrate is 150 mm; above it, 

there is a shower head with 29 holes. The distance 

between the shower head and the substrate was 10 mm. 

The working pressure was 10,000 Pa by 0.01 slm of 

TMGa, 3 slm of H2, and 2 slm of NH3 from the shower 

head. The temperature of the substrate and the shower 

head were assumed to be uniform at 1,213 and 523 K. 

The carrier gases were H2 and N2. The structure of the 

carrier gas inlet was varied between vertical and 

horizontal. In the case of using a top inlet for the carrier 

gas, NH3 and H2 or N2 gases, each of 1 slm, were injected 

from the top inlet at the center of the chamber. And, in 

the case of using a side inlet for the injection, there are 

three inlets at the center of chamber, and NH3, H2 or N2, 

and NH3 gases, each at 1 slm, were injected from the top, 

middle, and bottom inlets.

Using transport equation in 2D domains with a 

commercial fluid simulator, CFD-ACE+, various physical 

solvers were used in this model, i.e. flow, heat, 

radiation, and chemistry. The transport equations were 

solved using a pressure based Finite-Volume method on 

structured grids [6]. The momentum, heat, and mass 

transfers of the gas mixture in the reactor are governed 

by mass, momentum, energy, and species conservation 

equations. Actually, there is an rf induction heater under 

the substrate, but it was assumed that the substrate 

temperature would be uniform because it can already be 

controlled within ±1~2oC. The volume reaction and the 

surface reaction used in this article are shown in Table 

1 and Table 2, respectively [7]. The effect of the carrier 

gas, either H2 and N2, on the transportation of the heavy 
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Table 2. Surface reactions of GaN deposition modeling.

Number Equations Apf (Ea/R)f

1 TMGa + Open(s) → Ga(s) + 3CH3 (SC) 0.1 0

2 TMGa-NH3 + Open(s) → Ga(s) + 3CH3 + NH3 (SC) 0.1 0

3 MMGa + Open(s) → Ga(s) + CH3 (SC) 1 0

4 Ga-2(CH3)-NH2 + Open(s) → Ga(s) + 2CH4 (SC) 1 0

5 GaN(g) + Open(s) → GaN(s) (SC) 1 0

6 Ring gas + 3Open(s) → 3GaN(s) + 6CH4 (SC) 1 0

7 Ga(s) → GaN(b) + Open(s) (FR) 1.0e10 18500

8 GaN(s) → GaN(b) + Open(s) (FR) 2.0e8 11000

9 GaN(b) → 0.5N2 (FR) 2000 37500

Figure 2. Flow velocity vec-
tor fields for two 
different structures
of top and side 
inlet.

Figure 3. Distributions of 
velocity magni-
tude, static pres-
sure, H2, NH3, 
TMGa, and N2 gas 
in the side inlet 
structure MOCVD.

source gas was also modeled by considering the structure 

of the vertical and horizontal type inlet configurations.

III. Modeling Results and Discussion

1. Effects of the inlet structure

Gas inlet structures of two types are shown in Fig. 2. 

One is a top inlet type in the center of the chamber 

inside the showerhead. The other is a side inlet type in 

the center of the chamber, which chamber has upper, 

mid, and bottom inlets. When the working pressure was 

10,000 Pa by TMGa of 0.01 slm, H2 was 3 slm, and NH3 

was 2 slm from the showerhead, and when NH3 was 0.5 

slm, H2 was 1 slm, and NH3 was 0.5 slm from the three 

holes of the side inlet, the distributions of the velocity 

magnitude, static pressure, H2, NH3, TMGa, and N2 were 

as shown in Fig. 3. And, for accurate prediction of the 

temperature, electromagnetic induction in an rf 

induction heating system is needed, but it was assumed 

that the substrate temperature would be fairly uniform 
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Figure 4. Distributions of temperature and stream function in the side inlet type MOCVD.

Figure 5. Distributions of 
Ga-2(CH3)-NH2, 
GaN gas, MMGa, 
and Ring gas in the 
side inlet type 
MOCVD.

Figure 6. Comparison of the deposition rate for GaN 
film on the substrate using the side and top
inlet type with H2 as carrier gas.

at high temperature. However, the temperature of the 

substrate was fixed at 1,213 K, including for the case of 

thermal radiation, with data as shown in Fig. 4. From 

the volume reactions shown in Table 1, it can be seen 

that Ga-2(CH3)-NH2, GaN gas, MMGa, and ring gas are 

generated by TMGa and NH3; these processes strongly 

depend on temperature. The distributions of these 

products are indicated in Fig. 5. These products could 

result in a non-uniformity of the deposition rate for 

GaN. Fig. 6 shows the deposition rate for GaN film using 

H2 of 1 slm as a carrier gas. In this study, the 

concentration distribution is governed by the magnitude 

of momentum in this fluid analysis. In other words, the 

NH3 gas, which has a relatively high density and is a 

fast species, can diffuse rapidly and widely in the 

chamber. The TMGa gas can diffuse to the substrate, but 

that process generates intermediate products at specific 

temperatures in the range of 900∼1,000 K, such as the 

products shown in Figs. 3 and 4. The first intermediate 

product, Ga-2(CH3)-NH2, shows almost the same 

distribution as that of TMGa. However, the next 

intermediate products have different properties such as 

density, viscosity, mobility, and so on. Thus, the 

deposition rate when using the produced GaN gas 

becomes different from the distribution when using 

TMGa. When the side inlet type structure was used, the 

non-uniformity of the deposition rate was 2.16% for the 

substrate area of 100 mm and 4.26% for the substrate 

area of 120 mm. However, for the top inlet type 

structure, this percentage improved from 3.56% to 3.09% 

with the increase of the substrate area from 100 mm to 

120 mm. If the substrate could be made longer than this, 

the effective substrate area would increase, reaching a 

deposition rate of about 3% at the side inlet type 

structure than the top one.

2. Effects of carrier gases

In the same conditions as those used in the above 

section, H2 was changed to N2 as a carrier gas through 
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Figure 7. Comparison of the deposition rate for GaN 
film on the substrate using the side and top
inlet type with N2 as carrier gas.

Figure 8. Sutherland's law coefficient of viscosity 
model for H2 (line) and N2 (dash) from 
temperature.

the side and top inlets. The distributions of the source 

gases were almost same, but the intermediate products 

were jostled on the substrate toward the pumping port. 

Thus, the deposition rate decreased at the center area of 

the substrate. Not only did the non-uniformity of the 

deposition rate increase, but the effective substrate area 

decreased when using N2 carrier gas, as shown in Fig. 7. 

The non-uniformity of the deposition rate in the top 

inlet type decreased, but that in the side inlet case 

became worse, rising from 2.16% to 2.77% for an area of 

100 mm. Also, for the area of 120 mm, the 

non-uniformity of the deposition rate in the top inlet 

became worse, rising from 3.09% to 4.50%; that in the 

top inlet became worse from 4.26% to 9.05%. The amount 

by which the distributions of the intermediate products 

were changed was estimated using the different 

viscosities of the carrier gases. Fig. 8 shows the 

Sutherland’s law coefficients of H2 and N2. That of N2 

is twice as high as that of H2, which is between 500 K 

and 1200 K. N2 with high viscosity sweeps intermediate 

products more efficiently. Sutherland's temperature 

dependency expression is:

TB
TA

+
⋅=

2/3
μ (1)

μ: viscosity

where T is temperature in Kelvin, A is 6.689 × 10-7 and 

B is 96.69 for H2, and A is 1.405 × 10-6 and B is 111.5 

for N2. 

IV. Conclusion

GaN deposition equipment and processes for white 

LED using MOCVD were numerically modeled in order to 

analyze the effects of a reactive gas introduction 

strategy. The carrier gases, H2 or N2, were introduced 

using two types of structures: vertical and horizontal 

injectors. The non-uniformity of the deposition rate for 

the side inlet type was 2.16% for a substrate radial 

position 100 mm and 4.26% for a substrate area of 120 

mm. And, for the top inlet type structure, the 

non-uniformity of the deposition rate improved from 

3.56% to 3.09% with increasing of the substrate radial 

position from 100 mm to 120 mm. Also, when N2 gas as 

a carrier gas was injected, the non-uniformity of the 

deposition rate for the top inlet type showed slightly 

better value; however, the non-uniformity of the 

deposition rate for the side inlet type became worse, 

rising from 2.16% to 2.77% for an area of 100 mm. Also, 

the non-uniformity of the deposition rate for the top 

inlet type became worse, rising from 3.09% to 4.50%, at 
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the radial position of 120 mm; that of the top inlet type 

became much worse, rising from 4.26% to 9.05%. In the 

case of using H2 instead of N2 as a carrier gas, the 

effective substrate area was increased by 20% and more 

wafers can be loaded leading to better possibilities of 

mass production.
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