REFERENCES

Gallerneault, W.M.T., F. Vnuk, and R.w. Smith, "Silicon-Stabilized
Gray Tin," J. Appln Phys., 54(7), 4200-4201, 1983.

Backer, J.H., "On the Quality of Gray Tin Crystals and Their Rate
of Growth," J. Appl. Phys., 29(7), 1110-1121, 1958.

Busch, G.A., and R. Kern, "Semiconducting Properties of Gray Tin,"
Solid State Physics (Seitz, F., and D. Turnbull, eds.)
Vol. 11, pp. 1-40, Academic Press, New York, 1960.

Kendall, J.T., "Electrical Conductivity of Gray Tin," Proc. Phys.
Soc., B 63, 821-822, 1950.

Ewald, A.w., "Preparation of Gray Tin Filaments," Phys. Rev., 91,
244, 1953

Ewald, AW., and ON. Tufte, "Gray Tin Single Crystals," J. Appl.
Phys., 29(7), 1007-1009, 1958.

Hall, E.o., "Formation of Compact Pieces of Gray Tin," Nature,
175(4447), 165-166, 1955

Morris, R.B., and . Bonfield, "The Crystallography of a-Tin
Whiskers," Scripta METALLURGICA 8, 231-236, 1974,



95

9. Vnuk, F., "Preparation of Compact a-Tin Specimens,” J. Crystal

10.

11.

12

13.

14

15.

Growth, 48, 486-488, 1980.

Goryunova, N.A., The Chemistry of Diamond-like Semiconductors
(Anderson, J.C.), pp. 80-83, Chapman and Hall, London, 1965.

Goodman, C.H.L., "Direct-Gap Group IV Semiconductors Based on Tin,"
IEE PROC., 129(5), Pt. I, 189-192, 1982,

Farrow, R.F.C., D.S. Raobertson, GM. Williams, A.G. Cullis, G.R.
Jones, LM. Young, and P.N.J. Dennis, "The Growth of
Metastable Heétéroépitaxial Films of a-Sn by Metal Beam
Epitaxy," J. Crystal Growth, 54, 507-518, 1981,

Cullis, A.G., R.F.C. Farrow, NG. Chew, and GM. Williams,
"Electrons  Microscope Studies of the Semiconductor to
Metal Phase Change in Epitaxial Layers of Elemental Tin,”
Electron Microscopy and Analysis 1981 (Inst. Phys. Conf.
Ser. No. 61), pp. 535-538, The Institute of Physics, 1982,

Woodruff, D.p., and K. Homn, "The Surface structure of a-Sn (110)
and the Effect of Hydrogen Adsorption,”  Vacuum,
33(10-12), 633-637, 1983,

Mattern, M., and H. Luth, " Overlayers on Cleaved InSb (110)
Surface," Surface Sci., 126, 502-508, 1983.



16.

17.

18.

19.

20,

21,

22,

96

Hemandez-Calderon, I., and H. Hochst, "Angle-Resolved Photoemission
ofa-  (111) and the Polar (111) and (111) Surfaces of
InSh," Surface Sci., 152/153, 1035-1041, 1985.

Amomkitbamrung, V., and . Chatraphorn, "Cubic ~ from Liquid Phase
Epitaxy on InSh," J. Crystal Growth, 84, 326-328, 1987.

Schmit, J.L., "Materials for Infrared Sensors," Crystal Growth of
Electronic Materials, (Kaldis, E., ed.), pp. 281-287,
Elsevier Science Publishers B.V., 1985,

Goodman, C.H.L., "Device Applications of Direct Gap Group IV
Semiconductors," Proceedings of the 14th Conference
(1982  International) on Solid state Devices, Tokyo,
1982, Japanese Journal of Applied Physics, 22 (Supplement
22-1), 583, 1983,

Dingle, R., "New High-Speed III-V Devices for Integrated Circuits,"
IEEE Trans. Electron Devices, ED-31 (11), 1662-1667, 1984.

Noreika, A.J., and MH. Francombe, "Growth of Sh and InSh by
Molecular-Beam Epitaxy," J. Appl. Phys., 52(12),
7416-7420, 1981,

Faust, Jr., J.W., "Etching of II1-V Intermetalic Compounds,"
Compound Semiconductors, (Willardson, R.K., and H.L. Goering,
eds.), Vol. I, "Preparation of I11-V Compound", pp. 445-468,
Chapman and Hall, London, 1962,



23.

24,

25.

26.

27.

28.

29.

97

Brice, J.c., "Atmosphere,” The Growth of Crystals from the Melt
(Wohlfarth, E.p., ed.), Vol. 5, p. 117, North-Holland,
Amsterdam,1965.

Lawson, W.D., and . Nielsen, "The Chemical Analysis of Semiconductors,”

Preparation of Single Crystals (Hogarth, C.A., ed. ), p. 108,

Butterworths Scientific, London, 1960.

Berry, C., . West, and F. Moser, "Capillary Filtration,” The Art
and Science of Growing Crystals (Gilman, J.J., ed.), p. 218,

John Wiley & Sons, 1966

Hsieh, J.J., "Liquid-Phase Epitaxy,” Handbook on Semiconductor
(Moss, T.S., ed.) Vol. 3, pp. 415-497, North-Holland,

Amsterdam, 1980.

Elliott, R.p., "Constitutional of Binary Alloys, First Supplement,”

p. 538, McGraw-Hill.

Komatsu, K., "Optical Charaterization on Crystal Surface,"
Crystal Growth of Electronic M aterials (Kaldis, E., ed.),

pp. 359-370, Elsevier Science Publishers B.v., 1985.

Goldstein, J.1., D.E. Newbury, p. Eehlin, D.c. Joy, C. Fiori,
and E. Lifshin, Scanning Electron Microscopy and X-Ray
Microanalysis, pp. 53-122, 205-271, Plenum Press,

New York, 1981.



98

30. Tertian, R., and F. Claisse, Principles of Quantitative X-Ray

Fluorescence Analysis, p. 362, Heyden & Son Ltd, 1982.

31. Cullity, B.D., Elements of X-Ray D iffraction, pp. 138-148,

Addison-W esley Publishing, Reading, M assachusetts, 1956.

32. Cullen, F.L., "An X-Ray study to Follow the Phase Change of
Epitaxial layers of Tin on Indium Antimonide,” Report
Issued by M aterials Development Division, AERE Harwell,

England, HL 80/2010 (C 16), July, 1980.

33. JCPDS., Powder Diffraction File Set 1-5 (Revised), Inorganic
Volume, No. PD15-5iRB, p.615; P.546 1 Joint Committee

on Powder D iffraction Standards, Philadelphia, Pa., 1974,



APPENDIX

EXPERIMENTAL PROCEDURES*

The details of the system operation and maintainance are given
in this section. These include the cleaning procedures for the various
parts and the assembling of the latter, the start-up procedures and
the mechanical operations such as valve open/close sequences. Some of
these detailed operations may at first appear as black-art tedium but
are actually based on sound scientific relationales. For example, the
growth and/or air lock chamber after exposure to air would have to be

evacuated and refilled with 2 seven times.

Liquid Phase Epitaxy System.

1. Parts Cleaning Procedures.

a) Brass or Stainless steel,

1) Clean with detergent and tap water to remove o0il
which occurred during machining.

2) Immerse in acetone to remove dirty water,

3) Immerse in methanol to remove acetone.

4) Immerse in deionized 2 0 tank, and rinse with
running deionized H7 o to remove meOH.

5) Dry the internal parts with N2 (0.1 micron filter).

6) Dry with external heating (hair dryer).



Note

* This

for posterity.
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that the DI water we have is the cleanest solvent and
hence in use as the final rinse in all cleaning here

and below.

section is written to serve also as an operating manual

Quartz Parts.

1) Etch for 1 hour with 50% aqua regia.
1. part HNCs3 cone.
2. parts HCL cone.
3. parts deionized H2 0.

2) Immerse in deionized 2 0.

3) Rinse with deionized 2 0.

4) Dry with N2

5) Dry with extenal heating.

Rubber Parts (0-Ring).
1) Cleaned with a solution of KOH 20% at 70 c.
2) Rinse with deionized H2 0.

3) Dry with N2

2. System Installation, the numbers in ( ) as indicated in

1)

Fig. Al

Vertical centering of upper coupling(l), fumace(2)

and lower coupling(3).



(1)
gless vincow I v 1) <—cover (14)

—air-lock chamber (13)

—gale valve (10)

femalenut(1o) L [1 %@uphng

-growth tube (8)

-furnace (2)

crucible (4)

—lower coupling (3)
lock and seal (6)—4—
(Fi-gi<e----rubber clamp (7).
1T, tail of crucible (5)

I
:(«—-O-ring seal

glass window

Fm s (-cover with sample holder guide (16)

sample in &3 [——air-lock chamber

raised position QT 5 %__:

Eee=——o———yale valve

nut %E—%Bﬁeerr coupling

-growth tube

vertically movable and
rotatable sample holder

sample in E -crucible
AP POSTON ) *—lower coupling

Fig.Al Schematic of the growth part of VLPE system.
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10)

11)

12)
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Insert crucible(4) through upper coupling, furnace,
and insert the tail of crucible(5) up and into lock
and seal(6) at crucible tail coupling.

Clamp the tail with rubber(7) for safety during
subsequent pumping.

Insert growth tube(8) through upper coupling, furnace,
crucible and carefully put the lower end of tube into
lower coupling.

Put adaptor(9) the upper coupling.

Put the gate valve(10) on the adaptor and put six holes
on the adaptor into female nuts(12) in the gate valve.
Place the air lock chamber(13) onto the gate valve and
put six nuts through six holes on the chamber into
female nuts in the gate valve.

Closed the chamber with the covert 14) which has the
glass window(15) on the center.

Evacuate and refill with N2 to a slight possitive
pressure and check for leaks with detergent bubbles.
Connect the H2 gas line from H2 generator MARK V and
purity again with 2 purifier HP 25 to the system H2
contains less than 1 ppm of oxygen.

Evacuate and refill with H2 and check leak with
detergent bubbles.

Evacuate and refillwith H2 overall seven times. |If
the "vacuum"state of the system is a fraction p of

the operating pressure which is approximately one
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atmosphere, then the seven cycles represent a
reduction of contaminant gases by a factor p to the

seventh power.

Hydrogen Generator start Up Procedure.

1) Set the hydrogen pressure control knob to 60 psi.

2) Open the hydrogen output valve.

3) Connect the power cord (220 V from automatic voltage
regulator).

4)  Turn the POWER switch on.

5) A click will be heard as the solenoid valve opens a
the MAXIMUM OUTPUT light will illuminate.

6) After approximately ten minutes, the hydrogen output
will begin, and will increase to the flow rate of the
cell over a period of time ranging from one-half to
several hours.

7) Allow the Mark V to operate in this mode for at least
30, and preferably 60, minutes to throughly purge the
system of air and to warm up the cell.

8§) Then close the HYDROGEN output valve.

9) The MAXIMUM OUTPUT light will stay on for a few
minutes until the pressure build up to the setting of

the HYDROGEN PRESSURE control, then it will go out.
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4. Hydrogen Purifier HP-25 start UP Procedure.

We used H2 from Hydrogen Generator Mark V as the input of

Hydrogen Purifier HP-25, H2 from the generator should be at 30-40 psi.

Adjust valves* in sequence indicated

Valve# Position
vac closed
HI closed
10 closed
bleed valve closed
1 and 4 closed
11 open
UPH open

* Valve designations as in Fig. A2

2) Turn on vacuum pump
power and adjust valves
in sequence indicated
vac open
(evacuate pass valve 11 and UPH)

10 open slow ly

3) Let stand to low
pressure and adjust
valves in sequence

indicated
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Fig. A2 Schematic diagram of the VLPE systen)
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11 closed
10 clsoed
Open H2 valve from the generator and then open HI let
H2 go to vacuum pump and followed by closed VAC
rapidly. Wait about 1 minute until the MAXIMUM OUTPUT
light goes out
Open 10 slowly to let H2 go into inner cylinder of the
palladium cell.
Allow the inner cylinder to fill (about 1 minute) and
then use 11 to slowly let H2 into the outer cylinder
of the cell. The MAXIMUM OUTPUT light will go on.
Wait until the light go out (about 5 minutes). Then
perform the next step.
Adjust valves in sequence indicated
Valve# Position
10 closed
HI closed
Note 11 and UPH open
VAC open

(evacuate outer cell)
10 open slowly

(evacuate inner cell)
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8) Closed H2 valve from generator. Let stand to low

pressure. And then return to step 3).

9) Perform the step 3) through 7) five times. And the
last time will stop at step 5). Then go to step 10)
instead of 6)

10) Wait for about 5 minutes in order to let 2 is filled
up fully in the palladium cell. Then closed UPH flow.

11) Open bleed valve as small as the bleed indicator just
indicates a small flow.

12) Connect the power cord (110 V from automatic voltage
regulator). Turn power on and then set Tmin ~ 680 F
Traax ~ 750 F.

13) The 2 supply system is now ready. Vacuum pump and
TC pressure gauge power supply are no longer

necessary and can be turned off.

5. Loading Procedure and Heat Cleaning the Substrate.

At this point all should be in the position indicated.

Valve Position

gate valve closed
4 closed
5 closed
6 open
1 open
2 open

3 vent
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Remove the blank cover (14) in Fig. Al of the chamber and
mount the sample holder cover (16) with the substrate holder into the
chamber carefully. Tighten the six hex screws and then go through the

following steps.

1) Turn on the vacuum pump power.

2) Valve # 5 is vac. position.

3) Wait until the pressure about - 31 in Hg.

4) Valve # 5 is closed.

5) Valve # 4 is opened.

6) Wait until the internal pressure comes up to a
small positive pressure (~1/4 in Hg).

7)  Turn valve # 5 from closed to vent position.

8§) Repeat the step 2 (to step 7) seven times.

9) Open the gate valve.

10) The system is ready for loading the substrate
into the growth tube.

11) The substrate is moved down to the middle of furnace
position for 'heat <cleaning at 475 ¢ for 45 minutes to

desorb the passivating oxide layer.

Unwaxing and Solvent Cleaning the Substrate.

The substrates wused for all experiments were (111) InSbh
oriented less than £0.2 off axis, 20 mils thickness, 3 c¢cm. diameter,
{111}B polished face (the other side lapped). Normally the wafer InSbh
was waxed from the supplier because it is very brittle. The wafer was

unwaxed by putting the plastic tray containing the wafer on the



QUARTZ

ON-OFF VALVE

(TEFLON)

Fig.A3 Separating funnel for using in eleaning

the wafer after unwaxing.



JET OF N,

WAFER

FOLDED FILTER

PAPER

Fig.A4 Folded filter paper is contained with

wafer for drying with filtered jet.
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hotplate (65 C). Observe until the wax was completely melted and the
wafer was removed from the tray using a piece of clean filter paper.
Put the wafer into the seperating funnel which contains solvent. The
seperating funnel has a teflon on-off valve at the bottom for letting
the solvent out, have shown in Fig. A3. Open the valve to let out the
solvent very carefully. Do not let the upper level of the solvent
decrease lower than the wafer; dry residue will result which cannot be
removed. And refill with the solvent again. Repeat successively with
TCE for 10 times, acetone 6 times, and MeOH 4 times, then with
deionized U2 o (18 Megohm-cm resistivity of Millipore product) 10 times.
Finally flushed with deionized 20 for ten minutes. Tilt the
seperating funnel until the wafer slides into the filter paper which
is folded in the shape shown in the Fig. A4. And dry with the .jet of
N2 (0.1 p filter). The wafer is ready for chemical etching. For

etching procedure see Chapter Il of text.
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