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e Improvements made to RHEED system

o Construction of tube sealing/transfer/QE system
o Low-temperature growth of amorphous GaN and InGaN cathodes.

e (Cathode was fabricated with increased In concentration (25%).
Growth for about 3 hours, ~100 nm/hour.

e QE and electron diffraction as a function of annealing.

e Optical transmission measurements.
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e Photo of lab showing recent additions
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e Began experimenting with a-GaN cathode produced a number of years
ago for NMR materials studies

e Restored surface, Cs-activated. Obtained QEs ~5%, encouraging further
studies

e Grew ~0.3micron, InGaN cathode with 25% Indium, looked at RHEED
data and QE as a function of annealing.
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e Increased Indium concentration to 25% - increased quantum efficiency at
all wavelengths, improved QE at long wavelengths
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H Optical Transmission
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e Increasing In concentration improves response at longer wavelengths (out
to >400nm)

e Annealing improves QE up to about 300C, above which performance
gain levels off.

e For amorphous cathodes, repeated exposure to Cs (with delay) increases
QE even up to third activation.

e QE at UV increases to similar level as prior crystalline/epitaxial cathodes!

e Amorphous cathode growth allows use of new substrates - conductive
coatings on glass for HV bias.
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Task List

e Optimize cathode structures

e Deposit a-InGaN on ITO-coated window, apply grid electrodes, apply
voltage bias and measure gain-QE product versus voltages

o Experiment with “capping” cathodes with In, stripping methods for
transfer.

o Transfer a-InGaN cathode grown on glass window to ANL (Spring 2011)

o Transfer glass MCP directly coated with nitride cathode material (Fall
2017)

e Finish development of new vacuum transfer stage for hot/cold indium
sealing for transfer, transmission-mode QE measurments
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Device Optimization

Growth Parameters Characterization

e Study a-InGaN cathodes on different

substrates (sapphire windows, stainless

e In-situ QE measurements

steel, other glass windows with or without versus wavelength (WU)

conductive coatings)

o Study effects of thermal annealing

o Study effects of variations in activation
procedure: repeating Cs coatings,
incorporation of oxygen during activation

e |[ncrease /In concentration

e Change doping levels

e RHEED measurements and
analysis during growth (WU)

e Room-temperature optical
transmission measurements

(WU)

e Hall measurements of carrier
densities, conductivity (ANL)

Tuesday, October 5, 2010

LAPPD Godparent Review, Oct 5, 2010 Washington

University in St Louis (35




e Develop tube sealing/transfer/
testing system

Tube-sealing system

e Transmission-mode QE \
measurements for comparison Photocathodefsapphire window
Wlth reflection mOId Evaporation system - -
measurements . S ST ] To MBE

e Hot (150 C) and Cold Indium
seals

e Ti evaporator for coating "

. . Housing holder
of window and housing \
in vacuum, CompreSSion Linear/rotary motion probe i .
. . 1 Evaporation source ~ Iranslation stage for
of In wire in O—rlng grove and mask compression seal

e Incorporate SAES getter

into housing
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Resources Needed

e Salary support (0.75 FTE Dan Leopold, 0.5 Grad Student)

Request in to DOE as part of our 3-year operating proposal

e Theory support

e Band engineering/reverse-engineering for heterostructures, doping profiles,

amorphous materials

e Measurement support

e Carrier densities, X-ray diffraction for crystalline cathodes, AFM of surfaces
e Supplies ($20k/year ?)

Indium wire (2m length, cost?)

Cs-lon source ($1.4k)

Epitaxial sapphire substrates ($4k estimate for ~20)
Source materials ($1k)

SAES getters (5m strip, ST-707-CTS-NI-8D, $130)
~150C heater (components ~$2k)

Power supply (HP 6552A power supply $3.5k)

Machine shop time for transfer system ($5k)

MCDONNELL CENTER
(& _FOR THE SPACE SCIENCES

Tuesday, October 5, 2010

LAPPD Godparent Review, Oct 5, 2010

Washington

University in St.Louis {35+




Backup Slides



i=J
0.5@)\04.5091

0.938

0.469

1.250

UNLESS OTHERWISE SPECIFIED: NAME | DATE
DIMENSIONS ARE IN INCHES DRAWN J. Buckle:
TOLERANCES: TITLE:
FRACTIONAL £ CHECKED -
ANGULAR: MACH:  BEND *
TWO PLACE DECIMAL  + ENG APPR. . .
THREE PLACE DECIMAL = MEG APPR. pr_ring_clip_draw
INTERPRET GEOMETRIC QA
DRAWING I THE SOLE PROPERTY OF SIZE  DWG. NO. REV
<INSERT COMPANY NAME HERE>. ANY -
REPRODUCTION IN PART OR AS A WHOLE
WITHOUT THE WRITTEN PERMSSION OF NEXT ASSY USED ON
<INSERT COMPANY
PROHIBITED. APPLICATION DO NOT SCALE DRAWING SCALE: 1:1 ‘WEIGHT: SHEET 1 OF 1
i T
5 4 3 2

10
e} T N
N Lo -
O
]
B~
S
UNLESS OTHERWISE SPECIFIED: NAME DATE
DIMENSIONS ARE IN INCHES DRAWN J. Buckle
TOLERANCES TITLE:
FRACTIONAL+ CHECKED "
MEWAT O 802 g pre .
THREE PLACE DECIMAL + MEG APPR. tube_housing_draw
INTERPRET GEOMEIRIC an
e s o pob o
[DRAWING IS THE SOLE PROPERTY OF DWG. NO. REV
SINSERT COMPANY NAME HERES. ANY -
REFRODUCTION I PART OF AS A WHOLE
'WITHOUT THE WRITTEN PERMISSION OF NEXT ASSY USED ON
FROMATED APPLCATON DO NOTSCALEDRAWNG, SCALE: 111 WEIGHT: | SHEET10OF 1
T T
5 4 3 2 1
Q
©
oy
o
oy
el
X
o
X i i Sl
olf 7% Sf
3| || —~|vlo alf
QT o5 w
R e N
L I N
N o
N
~|a o
(Yol r i¥al
AL 1
o ! L o
UNLESS OTHERWSE SPECIFED: NAME | OATE
DIMENSIONS ARE IN INCHES. DRAWN 4. Buckley
TOLERANCES: 2
vt cHecken TITLE:
ANGULAR MACHS BEND | o Jore
THREE PLACE DECIMAL MFG APFR. pr_adaptor_draw
an
PROPRITARY AND CONFIDENTIAL o

DRAWNG S THESOLE PROPERTY OF AL SIZE [DWG. NO. REV
[
o
O T ARTE PSSOV OF | NEXTASSY useon
SRS e APPUCATON DO NOTSCAEDRAWNNG SCALE: 1:1 WEIGHT: | SHEET1OF 1
T
5 4 3 2 1

Tuésday, October 5, 2010

MCcDONNELL CENTER
FOR THE SPACE SCIENCES

LAPPD Godparent Review, Oct 5, 2010

Washington

University in St.Louis




InGaN:Mg Graded AlGalnN

: GaN:Si
(Absorber Layer) (Gain Layers)
c
hv /\/\/\.)»E
p-type v 2
v ode
P> },‘I
-. v 8e
" n-type

o Eventually we might try more advanced band-engineering to achieve
solid state PM
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