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Collaboration with David Radford at ORNL

* PHDS Co.
* Physics challenge: hole-barrier contacts on germanium detectors
* A “thin” contact for low background counting
* Slow pulses from lithium
* Material loss of volume
 Development of a new “thin” Ag contact
* PPC Detector Fabrication
* Sputtered Ag and a.Ge contact alpha particles — thickness !!!!
* Important insights into contact physics
* Modifications to fabrication of planar detectors (including GeGl)
* GeGl commercial development




PHDS Co.

3011 Ambherst Rd, Knoxville, TN www.phdsco.com

e Est. Fall 2004
* 10 FTEs + 4 Consultants — Technical Origin
-> Business Development
Branding, marketing, sales,...

 Complete Germanium Detector Manufacturing
* Concept
* Mechanical-Vacuum-Cryogenic Design
* Germanium Crystal Growth
e Detector Fabrication
* System Integration
e Software application

* PHDs Co. sells germanium detectors
* Nuclear Physics - NPX-M (Nuclear Physics eXperimental)
* DOE Nuclear Physics support has been basis for tech development
* Security Applications — GeGl (Germanium Gamma-ray Imager)
* Nuclear Medicine — GGC (Germanium Gamma Camera)

Make an Impact with Imaging Germanium Technology


http://www.phdsco.com/
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Gamma Ray Imaging Detectors
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DOE Nuclear Physics supported

the enabling technologies
Segmented Detector Fabrication
Mechanically cooled systems
Large diameter crystal growth




E Small Business Innowvation
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Segmented Rectifying and Blocking Contacts on large diameter Germanium Planar Detectors developed by PhD Co. (Phase
Il SBIF. awards) and evaluated at UMass Lowell. This Contact fabrication technology transitioned into commercial detector
fabrications and used in commercial gamma ray detectors such as Germanium Gamma Ray Imager (GeGl shown above)
and Germinium Gamma Camera (GGC) (see PhD Co. presentation at 2013 Exchange Meeting)

NP SBIR/STTR Exchange Meeting

In Movember 2013, the Office of Nuclear Physics (NP) organized a two day information exchange meeting between the
representatives of SBIR/STTR companies with active Phase Il grants supported by MNP, scientists and engineers from the NP
community, and NP Federal Program Managers. The meeting included presentations from the SBIR/STTR companies on
their research and presentations on the relevant technical needs of the NF community. The 2014 Phase || Exchange meeting
will be held on August 6 and 7, 2014 Information on past meetings are available at the following links

2013 Exchange Meeting
2012 Exchange Meeting
2011 Exchange Meeting




Basic Contact Physics — the need for barriers on HPGe detectors

(
HPGe

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
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Hole-barrier
contact

Coaxial Detector Li-
diffused contact n+

electron-barrier
contact

P-type Point Contact
Detector (PPC)
Li-diffused contact n+

Orthogonal Strip
Detector a-Ge




Hole-barrier contact

electron-barrier contact
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Damage is p-type (an acceptor state)

in crystalline Ge

Highly Stressed Crystals

* Poly ZR Bars

* Crystals grown and maintained at a high

temperature too long

Radiation damage from massive energetic particles (p, n,
heavy ions)
Grinding, slicing, and etching!!!

* Surfaces become p-type — this makes it very difficult

to fabricate the hole-barrier (n+) positively biased
contact
* Passivation is an attempt to neutralize this a-Ge
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Vacuum Level
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Many options: B,
Ni, Cr, Pt, Pd, Au,




P-type Coaxial
Detector

70 mm
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P-type Point
Contact Detector

(PPC)

«—]170mm

Lithium-diffused
outer contact
1-mm thick
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p+ contact

7-8 % of the detector is Li dead layer
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The MAJORANA DEMONSTRATOR

Radon Enclosure & Veto Panels Poly Shield

Majorana
Goal: 1000kg
7GGe
= - S 76Ge $100-$200/g
Outer Cu T = '
Shield | 4R AU 7% loss is S7TM-14M
i o due to Li-diffused

contact

| 1. Thick lithium-diffused contacts result in a loss of valuable material.




| 2. Thick lithium-diffused dead layer causes spectral artifacts I Be windows

| 59.5-keV 241Am |

10000 t;l “thin” Ag contact I
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2a. Thick lithium-diffused show slow

Normal 59.5-keV Photopeak events pu|ses from a “Transition Layer”

David Radford
Li-diffused
contact 0.4
mm thick
241Am 59.5-keV
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New Ag contact is
“thin”

No slow pulses
No wasted material




250-pum gap

Ag contact

Ag contact
Forms hole-barrier!
Good resolution
Chemical tolerant
Good definition
Sputter wraps
Passivation viable

~\

100-pum gap




-
Ag contact

 Adapt from test detectors to ppcs

* Look at Ag detectors with an alpha-particle source

 Measure the true thickness.
 Evaluate the implications of alpha-particle background
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Thick Li-diffused contact has the Li-diffused
single redeeming quality that it contac;_ol.(4
stops alphas (5 MeV) in 20 um. a mm thic
This has important background | Amalpha |

X implications for low-level counting. ) _ &
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MJ1 Cryostat

Variable angle alpha
source holder (0.5 uCi
241Am thin alpha source
(ORNL))

Planar
detector with
Ag contact

Rotating
wobble drive

Focus on evaluating the
Ag contact on small
planar detectors.






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

Ag contact on
planar HPGe
detector




Absolute E cal

0° incidence

\5
m

59.5 keV and 662 keV

gamma rays [Calibrate]

l “SoME7 5485 keV alpha-ray peak
 / (241Am) measured 4970 keV

l
ik TR Y

1000 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

- The Ag contact may be quite thick. ??? Calibration?



Peak shift vs. angle
of incidence
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¢ Eoss = (dE/dx) t/cos(0)
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Alpha "Energy" (keV)
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P-type HPGe 5 mm thick
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Thickness (microns)

The dead layer is thickness is
electric field dependent.

Depleting into the layer?

200 400 600 800
Voltage

1000




Remarks
Surprising — 0.2 um of material deposition

The dead layer is almost certainly not deposited
material — it cannot change with electric field

Similar measurements (SANTA) have shown B
implants to be 0.4 um thick (20-100 keV implant)

Lithium is 1 mm thick .
“Thin” Schottky contacts are 500-2000 A thick
Micron thickness is difficult to explain!!

1.

t~ 2-8 um I As measured by Alpha particles:

The dead layer is several microns thick.
The deal layer thickness is electric-field dependent.

Sputter deposited Ag and aGe contacts

Conclusion

The dead layer is a semiconductor-physics effect
inside the crystalline germanium.

Proposed mechanism: A highly damaged layer of
germanium extending several microns into the
crystal is formed during the sputter-deposition
process (10-100 eV).
Thermally evaporated contacts (0.2
eV) are being evaluated now.

Already useful...



t~2-8 um I

Damage is important and it is quite thick.

Shorter acid etch times to preserve previous damage

Better yield !!
Saves HPGe — more chances per wafer

Commercial detector process has been modified
-> Fabrication is being used for GeGl detectors now.




Where it is...
What it is...
Without getting close.

GeGl

Gamma-Ray Imaging Detector

Wide Angle Camera Captures
the Field of View \

Applications

Nuclear Power
Isotope Production

Radiopharmaceuticals
Nuclear Materials Management

Safeguards
Decommissioning

Demolition
Decontamination

Germanium Spectroscopy

21

Reduce Rad Worker Exposure
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Specifications

Dimensions: 12inxQiInx6in
Weight: 28 lbs (+ 1.8 Ibs liPo bottery or + 3.1 lbs NiIMH battery]
Battery life: 6-8 hours {exdemal LiPo battery packs) | hour (internal botiery]
Power supply: 100240 VAC, 5060 Hz

User maintenance:

Energy resolution:

None

FWHM < 2.1 keV [0,3 %) ot 662 keV

Gomma-ray Compton Imoging Field of View: 4m |360°

Optical (comero) Field of View:
Pinhole Imaging Field of View:

2m |185°%)

60° cone

For a point source 10Ci '*’Cs ot 1 meter (3.3 pR/hr):

Detection and ID time (662 keV] (80):
Location (Compton imoge) time:

Spectroscopy Energy Range:
Imaging Energy Range:

Pinhole (2.54<m thick Pb 60°) :

Compton:
lsotope library:
Detector (Ge crystal) dimensions:
Active Detector Volume:
Active Deteclor Area:

Cooldown time:
Startup time [cold}:

Included: Tablet, Loptop, Pelican cose

3.7 sec + 1.0 sec
30 sec & 13 sec

40 keV - 3 MaV

40 keV - 662 keV

140 keV - 3 MeV

User spocificd peok encrgics (unlimited]
QOmm diometer, |0-mm thick

55 em?

55 em?

3.5 hours

2 minuvtes

Power supply w/charger,

off cobles, lifetime softwore upgrodes

Optional Rolling Pinhole Imoging Platform
1+in thick Pb, 60degree FOV

Features
Germanium gamma-ray spectroscopy
Full 360° Gamma-ay Imoging
Locates user-specified gamma rays
including U (186 keV) and
%Py (375 keV 414 keV)
Pinhole-aperture imaging copable
Userdriendly tablet or laptop operation
Full session save and reload capability
Named-pipe dota acquisition and system control
Full dato-siream access
Wireless capable
TwisHock milspec power connector
Longlived mechanical cooler (5 years +)
Reach Back File: ANSI 42.42 format

Windows XP, 7, 8 compatible

PHDS Co. 3011 Amherst Road, Knoxville, TN 37921 (865) 202 6253 www.phdsco.com, sales@phdsco.com



137Cs (662 keV)

23’Np (311 keV)
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241Am (59.5 keV)



