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S
é What is a Micro Channel Amplifier?

Very Fast — Very Low Noise - Charged Particle Amplifier

Single Micro Channel Amplifier Micro Channel Plate Micro Channel Plate
(Pore ~ 0.002 mm in diameter) (MCP -Array of pores) Used In Light Amplification
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High Gain u to 1e6
Low noise — Very fast pico second response
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Night vision goggles
Mass spectroscopy
Astrophysics
Synchrotron instrumentation
Biomedical research (FLIM, FRET,…)
X-Ray and UV photon detection
Neutron radiography and Bragg edge spectroscopy



é Critical MCP processing

TAEIE2

Elemental composition of MCP glass®.

0.2-0.3 mm thick

Etched
Producing >5M
2-10 um pores
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Z Element Weight percent
g2 Pb 478
© g 0 258
1" Etch-able Core 14 Si 182
19 K 42
Lead Glass Rod - an 'e
56 Ba 13
Draw Tower 33 As 04
55 Cs 0.2
11 Na 0.1
*Density — 4.0 g./em’.
Stacked Wiza, Nuclear Inst. & Meth., Vol 162, 1979, 587
— Draw Tower ) )
o
&) Repeated Substrate Functionalize
'H::if
Boule
5-100mm Dia
: Diced

H, Reduction conduction & emission layers
produced simultaneously & cannot be
optimized independlently




é Alternative MCP Substrates: Key Findings

€ Substrate
€ Mechanical structure
€ Electrically insulating

€ Conductive layer
€ Conformal & uniform
€ —10 Ohms/Sq
€ Low field effect

€ Emissive layer
€ Conformal & uniform
€ High secondary vyield

€ MCP Device
€ High Gain

€ Resistance stability and
matching

€ Stable gain following
“scrub”
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MCP performance tied to glass composition

Emissive layer (Si0,,104)
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Experimental: GEMStar 8 Equipment

Room for 2
heated bottles
+ N, assist

Heated, split Uniform,
manifold (4 multichannel gas |
precursors each) distribution

Convection
heated, low
volume chamber

Pre — =4 : | Uniform flow

e . e, N /. -y chamber
) P ” exhaust
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h* '_': ? v .
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: o AN !

| ~ Dynamic or
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.

: -"_._l_tfnr in-situ
metrology

¢ Designed for extreme surface area, high aspect ratio structures: Multi-channel precursor
delivery system isolates & distributes precursors combine with a tapered exhaust to provide
exceptional nanofilm uniformity.

¢ Differentially pumped system seals eliminate gas permeation which along with separate and
actively heated Oxidant and Metal-Organic manifolds eliminate parasitic nanofilm production.

¢ Metrology Interface for QCM, ellipsometry , FTIR, OES and room for up to six high capacity
precursor cylinders (2 heated) with 2 independent gas lines, maximizes system productivity.
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Layer materials and properties

SE Yield vs Incident Energy
100

10

Yield

0.4 0.6 0.8 1

Energy

¢ Emissive nanofilms
€ Thin, conductively doped Al,O4
€ Thin MgO
€ Thin MgO — TiO, nanolaminate
¢ ALD enables wide range of material
selection

¢ SE yields range from —~1 to — 5 in
energy region of interest

¢ MCP Pb-glass SE yield ~1-2
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Conductive nanofilms

¢  Zn doped CuO nanolaminate with
alternating layers of Al,O4

€ Pt nanoclusters formed within an
Al,O5; nanoalloy

Conductivity control over 7 orders
Ohmic conduction

Stable resistance in the presence of
applied field

TCR < 1% - comparable to Pb-glass
MCP values




é Process 3500 |
: - . A 60x(4P2A)_200um _ _
' characterization 3000 . @ 60x(3P3A)_100um = 1 ‘ -
| @ 60x(3P3A)_200um ]
. 2500 ——Expon. (60x(4P2A)_200um) |
¢ Electrical - AR E | |
Penetration of 5 20
conducting film :jfzf 1556 | |
into fiber optic |3 $

1000 -

structures of
constant 500 |
diameter & | | | |
Varying Iength. 0.0 ‘00 100.0 1500 2000 250.0

Aspect Ratio

€ Mechanical - using specialized fiber optics and index
matching, optically locating the depth of penetration.
Internal fiber diameter (pore width) is 14.9um and the
length of penetration is measured to be 4803um, resulting
In AR coverage of 322:1.
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é Nanofilm on AAO test structure

AAQ on Al foil

Backscatter SEM — nanofilm highlighted on AAO
cross-section

€ Pores 50 pm X
150nm double sided

€ Surface area 1.3 m?
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Large Area MCP results

111.3A

1.2aA/cyc

110.8A 111.9A 111.9A

1.23A/cye 1.24A/cyc 1.24A/cyc

1.25A/cye

112.1A
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MCP Gain Lifetime

+—— Surface Composition Change

Versus
Microchannel Flate Gain —
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“Accelerated” Test conditions (Input Current, Charge extraction rate, duty cycle)
Typically High Temp (350C) and High gain operation
Removes H2, N2, H2O, CO, CO2, alkalis, residual gases & evil spirits
Produces stable gain
Procedures closely held…




= Antiproton Facility HESR at FAIR

S

protons (up to 30 GeV/c) | G T
antiprotons (up to 15 GeV/c) [l P e

! . 28 i
= = - ! L'_::'?',_ Bm g

“ ¥ o TR S Py
"l HESR and PANDA
¢ stored antiprotons: ~ 10"

¢ momentum resolution: ~ 107
4 ¢ luminosity: ~ 2:10% cm™s™




= PANDA Detector at FAIR

Barrel DIRC l Endcap DIRC antiProton-ANnihilation at DArmstadt

™ .
Albert Lehmann 12" Pisa Meeting on Advanced Detectors -- May 20 - 26, 2012




- Challenges to Photon Sensors

* Good geometrical resolution over a large surface
- multi-pixel sensors with ~5x5 mm? anodes

* Single photon detection inside B-field
- high gain (> 5*10°) in up to 2 Tesla

* Time resolution for ToP and/or dispersion correction
- very good time resolution of < 100 ps for single photons

* Few photons per track

- high detection efficiency n = QE * CE * GE
[QE = quantum efficiency; CE = collection efficiency; GE = geometrical efficiency]

- low dark count rate

* Photon rates in the MHz regime
- high rate capability with rates of several MHz/cm?
- long lifetime with integrated anode charge of 1-5 C/cm?/y)

Albert Lehmann 12" Pisa Meeting on Advanced Detectors - May 20 - 26, 2012



= Microchannel-Plate PMT

electron multiplication in glass capillaries (& = 10-25 um)

Photo-cathode
To% % % %% % %% % W% ]

1 Twmcel

Anode
Hn ﬁ”ﬁ 1

I

Albert Lehmann

ERERT.

Channel

Photo-cathode Mr;:F' plates fb.nude
\ il

Photon

® usable in high magnetic fields

# high gain:
- >10° with 2 MCP stages
- single photon sensitivity

® very fast time response:

- signal rise time = 0.3 -1.0 ns
- TTS < 50 ps

® low dark count rate

# quantum efficiency comparable
to that of standard vacuum PMTs

* multi-anode PMTs available

# caveats:
- lifetime (QE drops)
- price

12" Pisa Meeting on Advanced Detectors - May 20 - 26, 2012 6




- Lifetime of Different MCP-PMTs

QE (400 nm) vs. Charge

[ e~ Photl. XPE5T1D/AT-HGL-9001223 (10 pm) |
—w——  Phot. XPB5112/A1-HGL-9001223 covered(10 um)
——e—— Ham. R10754-01-M16 (JT0117 - 10 um)

_ ¥ BINP 1359 (7um)
5 & BINP 3548 (Tum)

B Phot. XPB5112/A1-8000897 (10 um)

B ——»—— Phot. XP85012-9000296 (25um)

B I ——=——  BINP 82 (6um)

. ] ] ] ] | ] 1 [l Il 1 ] '] [ [ [ ]
% 500 1000 1500 2000

integrated anode charge [mC/cm?]
* older BINP and PHOTONIS MCP-PMTs: rapid Q.E. degradation

* new PHOTONIS XP85112:

still no Q.E. drop at >2 C/cm?

Albert Lehmann 12" Pisa Meeting on Advanced Detectors -- May 20 - 26, 2012
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é SNM detection technology overview “"'“'“‘.;:’“"
¢ Hydrogen-rich PMMA 5 i
microchannel structure »
¢ Graded Temperature ALD
deposition ,
€ Active films deposition at 140C

¢ Neutron-proton recoil reaction
within plastic at better than 1%
effl C | en Cy Fast Neutron

€ Proton initiated secondary
electron cascade

¢ Output pulse 103 — 10° electrons
¢ Standard readout electronics

€ Technology is scalable to large
format

1kV,
ultra
low
current

Secondary Electrons
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Substrate: Paradigm Optics Inc.: http://www.paradigmoptics.com/
PMMA
5mm thick
> 10,000 pores
50 um pore diameter
70 um pore pitch



é Plastic substrate MCP

Gain
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R, Ohms

Phosphor screen
images of events
detected with Co-60
gamma source (left)
and Cf-252 gamma
and neutron source

(right).
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Timing histogram of time delta
between two detectors in response
to Co-60 and Cf-252 sources.




Summary

Emission and conduction layers for MCP technology
have been developed

Emission layer improves the performance of glass
MCPs

€ High gain

€ Longer lifetime

€ Reduced outgassing / ion feedback

€ Substrate independent conduction and emission films
open new possibilities
Large area micromachined and plastic substrates
Temperature compatibility over a wide range
Novel photocathode materials/configurations
Low noise — no radioactive traces
€ Better uniformity / reproducibility / spatial resolution
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Emissive Layer
Optimized SE yield for application
Conductivity tailored for application
Gain stability (night vision)
Speed – analytic and detection applications
Conductive layer
“Ohmic” conduction
Low TCR
Similar conductivity – along and across pore
Substrate - Mechanical 
Uniformity
Stability
Tailored for application
High temperature capable
Reactive (e.g. nuclear)
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