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Roadmap : to optimize cathode

Optimizing Cathode Growth _—

= Fundamental physics of cathode emission
— Three step Spicer model
e The absorption of photons and generation of photoelectrons

* The transport of the electrons from the point of generation to
the surface

1. Correlation between
Functionality and
Structure

— @Grain size and thickness of the film

e The escape from the surface g
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= Tuning various growth parameters >

2. Correlation between — Temperature / growth rate o)
Recipe and Structure — Composition of materials q>)
E
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= X-ray Diffraction
3. In-situ Visualization — Crystallographic structure, chemical composition, grain
Tool of Microscopic size, CrYSt:‘:!I!ine orientation
Structure *  X-ray Reflectivity |
— Control of thickness, various defects, surface roughness
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1. Correlation between Functionality and Structure
- Fundamental physics of cathode emission
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1. Correlation between Functionality and Structure
- Fundamental physics of cathode emission
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1. Correlation between Functionality and Structure
- Fundamental physics of cathode emission
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What do we know about the chemistry of multialkalis?
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= Very rich phase diagram
- Each phase corresponds to individual chemical compound with individual
e Band structure / Band gap / Optical absorption properties
- Resulting phase depends on
e Local atomic concentration ratio
= Kinetic energy during interdiffusion
e Activation energy of defects
= Consequences of rich phase diagram
- Strong recipe dependency
- However

e (Good opportunity to engineer heterogeneous cathode
a « Lateral and transversal engineering possible



Example for ‘good’ non-heterogeous multialkali cathode
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Example for ‘good’ non-heterogeous multialkali cathode
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What do we have to know about the growth?

JHE. Cartwright et al. / Thin Solid Films 518 (2010) 3422-3427

Transition Morphology

with No Long Range Structure MOVie Iike Cha racte rization
Beyond the nm-Level .
g o during the growth:
Matchstick Morphology Columnar Crystalline . ] .
Consisting of Parallel Grain Structure Macroscopic film properties

Columns with Domed Tops

— Film thickness

Recrystallized Crystalline-
Grain Structure

Porous Morphology
Consisting of Tapered
Columns Separated
by Voids

— Roughness
Microscopic composition
80 Zone 5 I — Which phases are present

. ;E’a — Lateral and transversal

homogenuity

P
."
' || 1.0 — Crystalline size
0.9
. 0.8 — Preferential crystal growth

07 -
06 o Surface composition

o
1 & — Local workfunction

— Chemical composition
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How can we microscopically visualize growth?
- X-ray diffractometry (XRD), X-ray reflectometry (XRR)
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Movie like characterization
during the growth:

=  Macroscopic film properties
— Film thickness

//_/>

— Roughness

= Microscopic composition

— Which phases are present
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Comaprision Gracin incidence with "cony
T T T T T

iohal powder diffraction”
T T T

— Lateral and transversal and
homogenuity

— Crystalline size
— Preferential crystal growth
Surface composition

— Local workfunction

— Chemical composition

5: PEEM: collaboration with Howard
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—— Gonventional powder diffraction (1 degree
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How can we microscopically visualize groth?

- X-ray diffractometry (XRD)
- XRD provides in-situ texture monitoring
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The Recipe and the Microscopic Picture
(Example of Burle Recipe)

=  First X-ray scattering
results for Sb-film
—  Film is amorphous for
thicknesses <8nm
— Above “full” film
crystallizes with high
<« K texturing)

— Crystal structure
strongly depends on
substrate and
evaporation method

= Interdiffusion rate will
depend on

— Temperature
— Defect structure of film

+ — Speciation of Alkali in

. . grain boundary and
(interdiffuse rate) inner grain will be

different.

Concentration of K

<+ Sb
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Data-Processing

CeO, Pattern Azimuthal Integration and fit of peak positions

= Data-Analysis:
| — calibration with known standard
| ] (Ce02)
—  “Empty”-pattern (B33)
; “J:—L“ JJ * lLl L J“” & ” *Ju” — Sb-on B33 pattern

\ | — Result: Difference showing only
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Gracing Incidence Techniques:
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STAtus Keport LAPPDL: Gl-vitrarction

20.0 nm

0.0nm |

1000 nm

2500

250

750

= Theta-angle determines
Probe-depth

= Angle of total reflection

is ~0.2degrees

=  Note:

1000 nm

— Peak broadening
— Distinct azimuthal

pattern

— Peak broadening is

different for different
orientations!

Comaprision Gracin incidence with "conventional powder diffraction"
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——Gracing Incidance (0.1 degrre)
—— Caonventional powder diffraction (1 degree
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4-27-2011 Sb Film on Mo Substrate
Scan 186: a2scan nu 4 40 zeta 2 20 36 10 Thickness: 80 A (guess)
Image Center: 271 x 97 Deposited at >> 200 °C (guess)

Out of plane B8-28 diffraction scan

10000

of the film recorded in the previous bo3930
T. slide. Film texturing is , [Mulllﬂ]
demonstrated by the mismatch in \ (Sb 104]
- peak intensities w.r.t. calculations. L
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4-27-2011 Mo Substrate
Scan 189: a2scan nu 4 40 zeta 2 20 36 10 w/ residual Sb film
Image Center: 271 x97

10000

) Out of plane 8-20 diffraction scan " M32-131£}
after we had tried to remove the (Mo ]
Sb film d ited PR I, [Sb 104]
3 oo m deposited previously. |
2 Notice the textured peaks b
S survived longest. 1
§ \ !
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4-28-2011 Clean Mo Substrate
Scan 199: a2scan nu 4 40 zeta 2 20 36 30

Image Center: 265 x 96

32.25°
[Mo 110]

10000 4
Out of plane 6-28 diffraction scan
showing we had finally removed
'\a the deposited Sb

1000

il = ol ——

Detector Counts |ALT

100 %




4-30-2011 Scan 278 K,CsSb Film?
a2scannu440zeta2203630  Thickness: 200 A Sb + 400 A of K + 200 A of Cs (guess)

Image Center: 270 x 96

100000 7

Detector Counts [AL]

100 1

10 -

1000 1

Ao 32.3°
: - |
Question is: what are the broad peaks observed? (Mo 110]
. [Sb104]
18.85° fl
[Sb 003] 4
] 38.2°
. £ 201° ,-; [Sb 006]
'
(Sb 101] ; g 005
22.95 ! ' [5b 202]
[Sb 012] \ ;
¥y |
[xxx] [xxx]
"
5 10 15 20 25 30 35 40 45
26 [Deg]

/] / LY

Deposited at between 120 - 140 °C, estimated to be ~ 130 °C
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Reference Data for Powder-Pattern Peaks: A = 1.2398 A

28 imtensity hkl

Mo K K5b Cs Cs5b

3236 100 110 2430 100 111 10.98 80 100 2158 100 101 10.71 10 002
46.39 16 200 2812 75 200 11.77 61 002 2277 46 oo4 10.81 29 101

40.05 60 220 1221 54 102 27133 58 1013 17.26 10 112
Sh 14.36 68 111 32133 74 112 18.84 25 o013

19.02 25 003 K:Sb 1565 79 012 ||3587 28 105 || 1961 55 201
2018 4 101 || 1331 393 002 1599 43 112 || 4322 17 200 || 2016 13 021
2300 100 012 1364 279 100 17.81 53 111 4608 14 107 2107 100 113
3201 70 104 1518 511 101 2141 68u 104 4645 27 116 2121 26 210
3348 56 110 || 2373 999 110 || 2148 u 021 || 4651 67 o008 ||2163 35 120
3749 12 015 2430 954 103 206 87 200 2171 15 202
38.55 35 006 26.80 56 004 22.75 49 211 Cs.5h 2223 13 022
41.00 76 303 27.31 307 112 2298 52 121 22 19 100 3320 2728 432 121
4699 15 o024 || 2747 55 200 || 2380 100 114 || 3156 25 400 || 2352 24 104

2830 90 201 2532 55 121 3887 60 422 2382 39 212
3423 309 203 2727 83u 211 4517 20 440 2420 21 122

3610 126 114 27.31 u D23 2533 20 023
3649 44 105 28.38 16 123 2548 31 114
16.62 70 210 29,06 19 221 27.06 26 123
17.26 75 211 3007 70 223 27.72 25 221
40.68 52 006 31.09 17 212 32 01 24 312
4173 144 300 31.50 19 015 33.62 12 033
4208 287 213 31.98 is 312 35.07 16 321
4310 17 106 3198 39 114 35.50 18 231
43.99 80 302 32.30 48 123 3729 22 314

4399 80 205 || 3335 37 300
3335 37 314
61 17 315 Many peaks between

4253 16 317 10-15° and 20-25°!
4494 16 218
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X-ray reflectometry (XRR)
- provides in-situ thickness monitoring

Q: (srazing incidence

, Acvay ; - small angle X-ray
:Gr:-:rlzmg reflectln% scattering (GISAXS)
incidence (XRR) 2 "

X-ray . = - Q,
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6, =arccos(N, .qim / Nair )
— 6 <0, >
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X-ray reflectometry (XRR)
- provides in-situ thickness monitoring\
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http://upload.wikimedia.org/wikipedia/commons/d/db/Etalon-1.svg

Example for 1 sec exposure at BNL/X21

Raw Data

% 10" Girowth Monitor
30 B . . .
a0 e
=
it B
a0 @
i
A = 0F
s 1 1 1 1 1 1
70 -0.2 0 n.e 04 N5 ne 1 1.2
Q[ 1A]
a0 —
= 4000
<L
a0 e
2 3000 J
100 £
§ 2000 | vl
_D
110 =
E 1000 | ]
n
120 T
=) |:| 1 1 1
250 300 350 400 45 & 0 =0 100 150 200 250

Thickness [nm)

= Film thickness measured between 37-39 nm
=  Nominal thickness (SEM calibration) 37 nm
= Data accumulation time : 1 second at X21,NSLS-BNL (takes 30 ms at 11-IDD, APS-ANL)
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Sb -> K
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Conclusion

= The potential of theory inspired multi-alkali photocathode
development

- Band structure engineering by tuned phase segregation
- Deep understanding of growth will help to develop
e Large area photocathode
e High quantum efficiency and high production yield
 Wavelength tunability

= Collaborators
- Klaus Attenkofer , Seon Woo Lee (ANL)
- John Smedley, Triveni Rao (BNL)
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