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Abstract: 

Compositionally graded single crystalline <loo> seed of Gal-,h,Sb has been grown in a single 

experiment using a solute diffusion method. The present technique is simple and less time consuming 

compared to the conventionai boot-strapping approach previcusly used for generating ternary seeds. 

Starting from an InSb <loo> single crystailine seed, a seed of GQ.&-u).4Sb has been grown. The effect 

of temperature gradient on the crystalline quality of seeds grown using this method has been discussed. 

Introduction: 
Substrates of tunable band gap and lattice parameter are predicted to have significant impacts on 

compound semiconductor based devices including thermophotvolatic (TPV) cells. Of particular 

interest for TPV are ternary compound semiconductors of GaInSb, GaInAs and InPAs in the band gap 

range of 0.5 - 0.7 eV [I-41. There are two main technical challenges in growing bulk crystals of 

ternary crystals. The first problem is mechanical cracking of crystals due to spatial coinpositional 

inhomogeneity [5 -8 ] .  Cracking can be eliminated by maintaining a planar melt-solid interface shape 

during growth. Temperature gradient and growth rate manipulation. and proper melt mixing using 

forced convection are essential to ensure crack-free crystals [9, lo]. Polycrystaliinity is another major 

problem. Unlike binary compounds, self nucleated ternary alloys (such as from tip of a crucible in 

Bridgrnan method) are always polycrystalline in nature. Hence single crystalline seeds are necessary 

for growing single crystalline ternary alloys. Early work by Bonner and co-workers [7,8] have 

established a very important phenomenon in ternary growth technology. Namely, for bulk single 

crystal growth of 111-V ternary alIoy, the lattice constant of the first-to-freeze section of the crystal 

should have solute content less than or equal to 5 mol% of the value in the seed. For example, in the 

growth of single crystal Gal-,In,Sb on GaSb seed, the first to freeze Gal-,In,Sb should have .T < 0.05, 



Hence, a “bootstrapping” technique is necessary to generate lattice-matched seeds. wherein successive 

experiments are performed with increasing solute concentration to reach the target alloy composition. 

This process is both complicated and time consuming. Numerous experiments need to be performed to 

obtain a seed, even before the actual crystal growth experiment is attempted. In this paper, we have 

described a new method wherein ternary seeds of any desired composition could be grown in a single 

experiment by taking advantage of the fundamental solute diffusion properties in the melt. 

Seed Generation Concept: 
The present approach for growing graded ternary seeds in a single experiment is depicted in Figure 

1 for growing GaInSb seeds. In this method an InSb single crystalline seed is placed in the crucible 

with a GaSb polycrystalline feed. The crucible is placed in a temperature gradient in such a way that 

portion of the InSb seed remelts to dissohe GaSb and hence form a GaInSb melt. The dissolved GaSb 

from the feed diffuses towards the seed due to concentration gradient. The diffusion continues as long 

as the solute (GaSb) content in the melt at any point along the longitudinal direction (growth axis) is 

less than that corresponding to the solidus temperature (see Figure 2). Once the solute content reaches 

the solidus temperature, solidification occurs (Figure 2). Hence the solute will keep diffusing towards 

the seed till it solidifies. The growth rate is thus limited by the solute diffusion rate (diffusion 

coefficient). The temperature gradient is set in such a way that the temperature at the feed-melt 

interface corresponds to the solidus temperature of the desired seed composition (lattice parameter). 

During the growth, neither the crucible nor the furnace is translated. If the feed is sufficiently long. 

solute diffusion continues till the entire GaInSb melt between the seed-melt and the feed-melt 

interfaces solidifies. Apart from the single step process aspect, there is another significant difference 

between the present approach and the boot-strapping method. In the boot-strapping method, seeding is 

initiated by using a higher melting binary seed. For example: to generate a GaInSb seed, one would 

start from GaSb seed and grow subsequently. In the present approach, a lower melting binary (InSb) is 

used as a seed instead. There are several advantages in the present single step process over the boot- 

strapping technique. There are some problems with boot-strapping. First, usually crucible diameters 

(silica) vary slightly from run to run. This leads to leakage of melt around the seed and subsequent 

dissolution. Second is obtaining a perfect seeding interface. For each experiment, the feed needs to be 

pre-synthesized carefully so that there is no excessive dissolution of the seed. These problems do not 

exist if one uses the Czochralski (CZ) method. However crystalline quality of CZ grown ternaries tend 

to be poor compared to Bridgman due to inherent high axial and radial thermal gradients at the growth 
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interface (needed for successful seeding). The approach presented in this paper bypasses the above 

mentioned problems since seed is generated in a single experiment. 

Experimental Results and Discussion: 

Charge Synthesis arid Seed Growth 

Pre-synthesized binary compounds of GaSb polycrystals and InSb single crystals were 

used in our experiments. The seed generation experiment was performed by placing the InSb 

seed at the bottom of the crucible (20 mm diameter) along with the GaSb feed on the top as 

shown in Figure 1. The crucible was placed in a linear temperature gradient between the hot and 

cold zone of the furnace. For the seed crystal shown in Figure 3, the hot zone was kept at 575 *C 

and the cold zone at 500 OC. The temperature gradient in the furnace was approximately 20 

OC/cm. Melt was encapsulated by alkali halide salt (LiC1-KC1 eutectic mixture). Inert argon gas 

up to 1.2 atmospheres was used to pressure the melt to avoid volatilization of the group V 

components during growth. 

The experiments were performed in a transparent furnace with gold coated tube around 

the heaters. Hence the seed re-meIting, solidification and the melt-solid interface position could 

be seen clearly. In the intial stages of heating, the InSb ingot started melting from the top. 

Dissolution of GaSb was initiated naturally. After the furnace reached the set point temperatures 

for the hot and cold zones, it took 3-5 hours for the dissolution of GaSb to stop. A total melt of 

approximately 1.5-2.0 cm could be seen. The initial lengths of the InSb seed and GaSb feed were 

approximately 4 cm and 4.5 crn, respetcively. At the end of the initial dissolution, there was 

approximately 3 cm length of GaSb feed left on the top. No melt stirring was performed during 

the entire experiment. Unlike Bridgman technique, the crucible was left undisturbed. After 10- 12 
hours, solidification at the seeding interface could be seen. Subsequently over the next 65-80 

hours, the solid-melt interface was seen to move upwards. The feed-melt interface also moved up 

at a different rate indicating further dissolution of GaSb. This happens because the dissolved 

GaSb diffuses to the seed interface due to concentration gradient and soIidifies once it encounters 

a temperature below the solidus temperature. Since the feed is at a higher temperature, according 

to the phase diagram, the GaSb content in the melt near the feed-melt interface will remain 

constant. Hence if the dissolved GaSb diffuses towards the seed, the depleted GaSb will be 

replenished automatically by further dissolution. Figure 3 shows the magnified view of the 

seeding interface in the crystal. The total length of the graded region was approximately 1.5 cm. 
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Compositioiral Annlysis 

Electron microprobe X-ray analysis (EPMA) was performed to determine the axial composition in 

the graded seed. A thin slice from the edge of the seed was used for the EPMA measurements. Figure 

4 shows the indium content in the crystal starting from the InSb seed, The axial temperature profile in 

furnace will have a significant effect on the compositional grading as depicted by the solidus curve for 

GaInSb. To ensure a linearly graded composition (along the axial direction) from InSb to GaSb, the 

axial temperature profile across the graded region should replicate the solidus curve (Figure 5) for the 

ternary alloy. This is fairly straight forward to implement by using a two-zone furnace. Figure 6 shows 

the position of the crucible in the furnace along with the temperature profile necessary to generate a 

linearly graded seed from InSb to GaSb. While any arbitrary gradient can be used. care is needed to 

reduce the gradient for growing alloy compositions with a flatter solidus (close to InSb) to prevent 

constitutional supercooling and a polycrystallinity. Since the seed is grown under thermal equilibrium 

conditions (dictated by the imposed temperature profile), high crystalline quality is obtained. No 

cracks were observed in the grown seed. 

The solute diffusion method can also be used for growing uniform composition alloys by 

translating the crystal at the same rate at which the solute arrives at the seeding interface. The graded 

seed generation as well as the uniform crystal length can be achieved in the same experiment. 

Conclusions: 
Diffusion of solute in the melt has been advantageously used for growing graded single 

crystalline seed of GaInSb. This method is extremely simple and less time consuming compared to 
conventional bootstrapping method used for ternary seed growth. The same method can be used to 

grow uniform ternary crystals of any alloy composition starting from a binary seed in a single 

experiment. 
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