j&y COLLEGE OF NANOSCALE
Al SCIENCE & ENGINEERING

UNIVERSITY AT ALBANY State University of New York

Lattice constant [nm]

F. Shadi Shahedipour-Sandvik
College of Nanoscale Science and Engineering
UAlbany-SUNY

KISS Workshop: UV Instrumentation Technology



COLLEGE OF NANOSCALE

SCIENCE & ENGINEERING

UNIVERSITY AT ALBANY § rsity of New York

UV detectors for Astronomy applications fall into the categories of:
*Photocathodes (zero read noise)
*Solid State Detectors (may become zero read noise)
*Superconducting devices that operator at approximately 100 mK

UV detector Requirement vary depending on:
*Source strength (long integrations favor zero read-noise)
*High ratio of in-band to out-of-band requirement (UV to visible)
*High speed (>60Hz) readout
*Radiation hardness
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*Lowest emission threshold at 4.1 eV for a Cs-free GaN photocathode via bandgap
engineering and interface/doping modification

*Presence of polarization charges may play a role in increasing the threshold energy

LLEq
—— U\V N. Tripathi, L. D. Bell, S. Nikzad and F. Shahedipour-Sandvik, Appl. Phys. Lett. 97, 052107 (2010)
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Vacuum level engineering
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*ENEA demonstrated
*Trade-off between emission threshold and QE for these preliminary devices

LLEq
—— L/ J N. Tripathi, L. D. Bell, S. Nikzad and F. Shahedipour-Sandvik, J. Electon. Mater. (2010).
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p-i-n pixel and array
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*Room temperature operation
*Radiaton hardness

*The ability to accomondate single
pixel count rates at as high as
1kHz

*Negligible response at
wavelength longer than 350nm
*Have 70% QE over a long
wavelength region (e.g. below
350nm to the substrate cut off e.g.
150nm for sapphire))

*Bandgap engineering allows
formation of solar-blind SSD

*The most suitable candidate
when dominant selection criteria
are mass and volume.

*Direct growth on Si possible
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Back illuminated p-i-n photodiode
0 P TRON LY J ? Back-illuminated separate absorpuon and multiplication photodiode
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GaN p-i-n photodiodes fabricated
at JPL, low reverse leakage
current, 50% peak QE for a back-
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320x256 array of individual 25 pm PIN diodes, a
high-resolution image obtained from a

Spectral QE plot for GaN p i-n array (left). A s
hybridized part produced at JPL.

diode array packaged in a standard 40 pin

Ll I---"\S;j'

OPTRONIX




COLLEGE OF NANOSCALE

SCIENCE & ENGINEERING
UNIVERSITY AT ALBANY State University of New York
ypersoectral betector

-APL AVIRIS CONCEPT

EACH SPATIAL ELEMENT HAS A
EopoU s AT C tional HSI
onventiona

SURFACE AND ATMOSPHERE sOIL

7"“ Aircraft carrying the
Array of Hyperspectral detector

12 20
Vidavelengoo detectors
th (nm)
! VETER
1 _/\/\ M

12 20
\iggvelengno
Grating

th (nm) ) )
Mechanical Scanner .-
VEGETETCON ”
SEEEEEN &Ly
12 20 §&
Wayeleng oo §° K
/ [N J
/ & ;
Vd ™ ;

o

Reflecta
oa= } .

Reflecta
© since

224 SPECTRAL IMAGES
TAKEN SIMULT ANEOUSLY

o

Reflecta
© »ance

th (nm)

Novel dynamically tunable HS detector

Schottky contact
(Nickel or Gold) 0
&/
Incident radiationl £E
Ny T Ohmic contact _ — Ec

Al(0.33)GaN
Al(0.66)GaN

AIN
Al(0.66)GaN
Al(0.33)GaN

(Indium)
s C~~

Sapphire Substrate

= e
!-!-! AW\ Tripathi, L. D. Bell, F. Shahedipour-Sandvik, J. Appl. Phys. 109, 124508 (2011).
OPTRONIX



COLLEGE OF NANOSCALE

SCIENCE & ENGINEERING

UNIVERSITY AT ALBANY State University of New York

Internal photoemission measurement (IPE)

Device Schematic Band Diagram
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N. Tripathi, L. D. Bell, F. Shahedipour-Sandvik, J. Appl. Phys. 109, 124508 (2011).
OPTRONIX



COLLEGE OF NANOSCALE
SCIENCE & ENGINEERING

UNIVERSITY AT ALBANY State University of New York

0.30 +E t
. LE 2.2¢eV
2 0.25- : \
= 2r
g = |
& 0.20- s 1F J
Q2 - I
£ Threshold T3 2 0F
0.15 S 1B
£ \ B Tleldle7]
f= -2 F
S 0.10 -
) 0.10 . Threshold T1 Threshold T2 sk 4.7 IGV
0.05- 4k l
-5: 1
0.00 — -0.1 -0.08 -0.06 -0.04 . -0.02 0 0.02 0.04
20 25 30 35 40 45 50 55 60 65 X (micron)
Photon Energy (eV)
460 v ——Tr —T — [ T R ST N N
455} B 2.12-
. 5 eV . ) H . J u
pyed3 @ 1 Barrier Barrier 210] @ 2eV
a0l . 1 tuning from lowering 2.08- )
T 4t . { 4.52eV10  from1.97 % 20
§m: : ] 388eVifor  ov10212 Faw
L 1 J
a0} . . applied bias eV for o) .
4151 B { between - applied bias § ,,1
410 . 1 0.6Vand bet ) .
405) ° : etween 1.98-
aml . RS A10Vt002  {- °
assf ; %
asop * - 10 08 -06 04 02 00 02 04
SE gate voltage (V)
0.5 0.0 05 10
gate voltage (V)

IETIYEEE® ) . Tripathi, L. D. Bell, F. Shahedipou

. R

r-Sandvik; J. Appl: Phys. 109, 124508 (2011).



COLLEGE OF NANOSCALE

SCIENCE & ENGINEERING

UNIVERSITY AT ALBANY State University of New York

4.25 - 21
] A--
4.20- S o | o .
4.15+ A B I e /o./‘{ /‘D’
410 K- o Q. s
_ 4.05 el -7 o= = .~ O
S 1 0.081 eviVolt 0O = R <
9, 4.00- P - 7 3 1 95 / D
S 3.95- o- o T P
= p P - P o /
® 3.90 . . < AT P
2 - o/ P (D 19 1 A .
£ 3.854 i s . () ~ AN <
= 1 0.158 eVIVolt -0 O Deviced| = A
E 3-80-. ’ , 7 A DeviceK| =+ 185 - } .
= 3.75- o~ O Device | E - =
| - L A ODevice J
3'70- P 1.8 1 8, /A ODevice |
3.65 4 _0°0.186 eViVolt 7
360 . P ADevice K
. ' . ' . ' . ' T . T .
-2.0 4.5 4.0 0.5 0.0 0.5 1.75 ' '
Gate Voltage (V) 2 1.5 -1 -0.5 0 0.5 1
gate voltage (V)
Device I Device J Device K
A1(0.33)GaN 5nm 7 nm 3nm
Al(0.66)GaN 4nm 5nm 3nm
AIN 2nm 2 nm 2nm
Al(0.66)GaN 4 nm 3nm 5nm
Al(0.33)GaN 5nm 3nm 7 nm
LLEq
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GaN/Si:
One order of magnitude in
defect reduction after
substrate engineering

Nano(Al)GaN: dislocation defect reduction
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Homo/heteroepitaxy on Bulk GaN (AIN) substrates
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|l |---‘\\/ V. Jindal, J. R. Grandusky, F. Shahedipour-Sandvik et al., J. Mater. Res. 22, 838, (2007) .
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