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* Physics challenge: hole-barrier contacts on germanium detectors
e Lithium dead layer — volume loss — spectral artifacts
 New “thin” Ag contact for Ge detectors

* Alpha particle data — thickness !1!!

* Important insights into contact physics —
e Thick sputtered contacts
* Thin evaporated contacts

* Moadifications to fabrication of planar detectors (including GeGl)
* Yield improvement
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Basic Contact Physics — the need for barriers on HPGe detectors

electron-barrier
contact

4 N Hole-barrier
HPGe contact

IN,—Np| ~10%° /ecm3
i~ 4x10% cm?/Vs (77 K)
p~15kQcm

' 1cm3, 1V~ 67 pA !l

Resistivity is far too low

Contacts must form charge-
injection barriers

Electric Field
Low leakage current (~10 pA)
Low noise connection

Orthogonal Strip
Detector a-Ge
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P-type Coaxial
Detector

(PPC)

P-type Point
Contact Detector

A 4

«—170mm

\

70 mm

A 4

o

outer contact
1-mm thick

—

[Lithium-diffused

p+ contact

7-8 % of the detector is Li dead layer

AN

+«——135 mmp—

p+ contact
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The MAJORANA DEMONSTRATOR

Radon Enclosure &= Veto Panels Poly Shield
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| 59.5-keV 241Am

10000

“thin” Ag contact I

| Li 0.4 mm I

100 ,;/ e

1000
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E (keV)

Thick lithium-diffused dead layer causes spectral artifacts




Lithium contact causes:
1. Volume loss
2. Spectral artifacts

However:
The lithium contact has the single
redeeming quality that it stops
alphas (5 MeV) in 20 um.

Dead

241Am alpha

No signal
. a
/

100

PLAN . A P

Ag contact
Forms hole-barrier!
Good resolution
Good segmentation

 100-um gap
Thin contact
Photons

Transition
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Depleted Ge

Evaluate Ag contact

with alpha particles
* How thick is Ag?
* |s there a way to
identify alphas to
reduce background?
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Variable angle alpha
source holder (0.5 uCi
241Am thin alpha source
(ORNL))

et

Planar
detector with
Ag contact

Rotating
wobble drive

Focus on evaluating the
Ag contact on small
planar detectors.
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241Am

— alpha source

— Ag contact

detector



P-type HPGe 5 mm thick
Vyep =+ 130V (9.2x10° /cm?3)
V,, =+ 600V

Ag contact on
planar HPGe
detector




First Look at
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Ag Co ntact Gamma Ray Imaging Detectors
Absolute 0° incidence
Energy
calibration

P-type HPGe 5 mm thick

59.5 keV and 662 keV
gamma rays [Calibrate]

Viepi = + 130 V (9.2x10° /cm?)
V,,=+600V

l , ES - 5485 keV alpha-ray peak
4 (241Am) measured 4970 keV

l
thl R T | ,nnmh

2000 3000

dE/dx ~ 20 eV/A for 5485 keV — 4970 keV = 515 keV

a 5-MeV alpha in Ge . .
515 keV /20 eV/A =25750 A =2.6 um




Peak shift vs. angle
of incidence
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< E.. = (dE/dx) t/cos(0)
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As measured by Alpha particles:

1. A contact is 4-8 microns thick.

2. The dead layer thickness is bias voltage
(electric field) dependent.

3. True for Ag and aGe contacts, both + and —
polarity bias.
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Peak shift vs. angle
of incidence

P-type HPGe 5 mm thick
Vyept = - 100 V (9.2x10° /cm?3)
V,, =-1000 V



Ni Detector Spectra @y PHDS
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NI Detector Spectr
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Ni Detector Thickneg ¥
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Ni dead layer vs. bias voltage
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Summary
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Chlcago Radloactlve ThreatI
What is it? 'd
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Vs A
1 ; ; What |s it: __ "y“

1000

HEU — 235U — Weapons
Grade Uranium !

600

0 100 200 300 400 500 600
Energy (keV)

In that room, on the 13th
floor of the Kluczynski
Building

=

Distance: 28 m
Spectral detection: 15 min (8 o)
Image detection: 39 min (3 o)

Thank you



