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Appendix 1

Fundamental parameters [143],[162].

In,Ga,_Sb
GaSb InSb x= x= Comments
0.10 0.182

Lattice constant, a A 6.0954 6.4788 6.134 6.165 Vegard’s
Bandgap at room temperature, eV 0.725 0.149 0.63 0.558 Bowing —x(1-x)C,
E, C=0415
Bandgap at 0 K, £, eV 0.812 0.235 0.717 0.707
L-bandgap at room eV 0.875 0.93 0.845 0.826 Bowing —x(1-x)C,
temperature, F, C=04
Split-off bandgap, A, eV 0.76 0.81 0.756 0.754 Vegard’s
Stiffness coefficients Ci, 884.2 684.7 864.25 8479 Vegard’s

Gpa

Cia, 402.6 373.5 399.7 397.3 Vegard’s

Gpa
Poisson’s ratio 0.313 0.353 0.317 0.32 Vegard’s
Electron effective mass, m.*/m 0.0412 0.0135 0.037 0.0347  0.014+0.0178(1-

1)+.0092(1-x)°

Light hole effective mass, 0.05 0.044 0.04 0.015+0.01(1-
my;,*/m x)+.025(1-x)
Heavy hole effective mass, 0.28 0.403 0.405 0.435-0.03(1-x)
my,*/m
Density of states hole mass, 0.294 0.413 0.414 (m,',;5 + m,',f )73
m,*/m
Split-off band effective mass, 0.12 0.11 0.119 0.118 Vegard’s
m,*/m
Intrinsic concentration, »; cm” 74E11 5.6E12 1.8E13 Room Temp.
Dielectric constant, €, 15.7 15.81 15.9 16.8-1.1(1-x)
LO phonon wave-number cm’! 233 197 2294 226.5 Vegard’s
Temperature dependence of I'- a, 0.417 0.32 0.407 0.399 Vegard’s
band meV/K

B,K 140 170 143 145.5 Vegard’s
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Appendix 2: Lithography steps

We followed the standard lithography process to define patterns of squares and circles
of different sizes onto a GaSb wafer. The flowchart for the steps involved in the
processing done in a Class-10000 Clean Room facility are shown in Figure A-1.

Silica CVD
And spin photoresist

Photoresist
SiG.-

UV exposure

Acetone+methanol+DI water
And 60°C PR-stripper

Photoresist
SiO

1 Developer and
Buffered HF dip

Sample#1 Sample#2

Figure A-1: Flowchart for standard lithography.

The steps are mentioned below:

Step-1:  Deposit silicon dioxide/silicon nitride on the wafer by chemical vapor
deposition (CVD). The thickness of the deposited oxide has to be
carefully chosen.

Step-2:  Desorb the sample wafer on a hot-plate at 110°C for 5 min.
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Step-3:

Step-4:

Step-5:

Step-6:

Step-7:

Step-8:

Step-9:

Step-10:

Step-11:

Start-up the mask-aligner machine. Prepare two separate syringes and
fill them up with primer (hexamethyle disilazane, HMDS) and positive
photoresist (PR S1808 or SC1827).

Calibrate the rotation speed of the ‘primer-bench’ at 4000 rpm for 30 s.
Put the sample wafer back on the primer rotational bench and put primer
first. Wait for 30 s and then start rotation for 30 s. Next, spread the
photoresist solution onto the wafer. Wait another 30 s and then start
rotation. The rotation speed has to be determined according to the
specific resist’s spin-speed relation and the desired mesa height. For a
thick mesa height, the resist must cover the complete mesa, hence the
rotation speed should be chosen accordingly.

Soft-bake the wafer at 110°C for 2 min.

Put the wafer onto the mask-aligner and with the mask #1 as shown in
Figure 5.3, expose the wafer with ultraviolet light. The exposure time
and the exposing power of the light source have to be carefully noted.
Usually, they are around 4.0 s and 7.7 mW for PR1808 respectively to
provide an exposure of ~ 30 mJ. For SC1827, this exposure is about 215
mJ. Note that the exposure time changes with different processing
requirements.

After exposure, the sample has to be put in a “developer’ solution
prepared before. This is actually NaOH (351 Shipley) 10 mL mixed with
50 mL de-ionized water.

Immerse the sample in the “developer’ solution mentioned above. About
25 s is good enough for GaSb samples. Usually, it can be seen that the
undeveloped photoresist withers away by that time.

Hard-bake the sample at 120 °C for 2 min. Without hard-bake, the
photoresist would vanish with the next step.

Rinse with ‘buffered HF’ (49% HF in 10 part of NH4F1 solution in water)
solution (BHF:water = 1:10) to etch off the silicon dioxide exposed to
the HF solution.

Measure the thickness of the developed mesa (which is photoresist plus
silicon dioxide) in a profilometer (alpha-step).
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Step-12: Rinse in Acetone, Methanol and de-ionized water to get rid of any
remaining photoresist. The resulting sample has only silicon dioxide
masks on GaSb wafer.

For lift-off (i.e. the third mask), the processes are slightly different. After the second
mask, the following steps are followed for metal lift-oft:

Step-13: Spin photoresist SC1827 (for mesas thicker than 1 um) for 30 seconds at
1500 rpm (spin speed depends on the mesa height) and wait for 30
seconds.

Step-14: Soft bake at 90°C for 2 min.

Step-15: Use longer exposure (260 mJ) in the photolithography machine with the
third mask in each mask-set. For non-liftoff procedures, 215 ml
exposure is fine with SC1827.

Step-16: Toluene dip for S min and then blow dry by nitrogen gun.

Step-17: Over develop for 90 seconds in the developer solution (351).
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