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* MPGe Concept
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Introduction to PHDS Co.

e Est. Fall 2004 — Nuclear and Solid State Physics Origin
* History: Custom Nuclear-Physics Detectors v e oo
* Recently: Modular HPGe Systems

* Small Company, Lean-Organic Growth Model ESS18%
 Complete Germanium Detector ManufacturingRD
* Concept Design
e Crystal Growth
* Detector Fabrication |
* System Integration C

e Software application |
e Sales & Service “
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High Resolution Spectroscopy
and Automatic Identification

Applications
® Military and Civilian CBRNE Operafic
* Nuclear Safeguards Z
® Nuclear Security

ns

® Special Nuclear Materials Proven

Specifications
Dimensions: 12inxQinx6in
Weight: 28 Ibs (3.1 Ibs NiMH battery)
Battery life: 810 hours [external Li ion battery pocks] 1 hour (internal batiery)
Power supply: 100-240 VAC, 5060 Hz
User maintenance: None

Energy resolution: FWHM < 2.1 keV (0.3 %) ot 662 keV

G y Compton imaging field of view: 4m |360°)
Optical (comera) field of view: 2n |1859)
Pinhole imaging field of view: 60° cone

Sensitivity: 104Ci '¥’Cs at 1 meter (3.3 pR/hr, 33 nSv/hr)
Detection and ID time (662 keV) (80):
Location [Compton image] time:

3.7 sec £ 1.0 sec
30 sec £ 13 sec
Dose-rate copacity: 85 keps (10% Dead time) in 15 mR/hr #Co
Energy range: 40 keV = 3 MeV
Imaging energy range:
Pinhole (2.54<m thick Pb 60°) :
Compton:
Isotope library (400 Isctopes):
Isotope Identification:
Detector (Ge crystal) dimensions:

40 keV - 662 keV

140 keV - 3 MeV

Auto detect and/or user specified
35 frequently encountered isolopes
Q0-mm dicmeter, 10-mm thick

Active detector volume: 55 em?
Active delector area: 55 em?
Cooldown time: 2.5 hours
Startup time (cold): 2 minutes
Included: Tablet, pelican case, power supply w/charger
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Rolling Pinhole Imaging Tripod
1-in thick Pb
60-degree Field of View

Features
Standoff Location Detection Identification
Distance Range (10 cm - 50* meters)
Aufomo'icolly specifies SNM, NORM, IND, MED
G g opy

Full 360° Standoff Vsuohzahon (Compton)

35U (186 keV) #°Py (375 keV, 414 keV)
User-friendly auto tablet or loptop operation

Full session save and reload capability

Named-pipe data acquisition and system control
Full data-straam access

Wireless capable

TwisHock mil-spec power connector

LongHived mechanical cooler (5 years +)
Reachback file: ANSI N42.42 format
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PHDS Co. 3011 Amherst Road, Knoxville, TN 37921 (865) 202 6253 www.phdsco.com, sales@phdsco.com



CBRNE Team Training
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Image detail "‘Y‘IPHDS
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10,000 ft2 Manufacturing
and R&D Facility in
Knoxville, TN




Growth

Integration
Electronics
Imaging

Cryogenics
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Large diameter/volume HPGe Crystals "Y“
DOE NP Development
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Segmented HPGe detector fabrication
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DOE NP Developed
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Surface contact physics: aGe, Y, Ag, ...
j = Jooexp(-{d) = [(EOEGe/Nf)l/Z(V-I-Vdepl)/d] }/kBT)

eSemiconductor Barriers E.L Hull, R.H. Pehl, “Amorphous germanium contacts on germanium

eSegmentation detectors,” Nuclear Instruments and Methods A, 538, Issues 1-3, (2005),

eFunction at~ 77 K Pages 651-656.
Non-standard semi
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NPX-M
90-mm dia. _
55 cm? active - JE

~r

Less hardware
around the detector
Greater detector
area

MPGe
140-mm dia.

@%) (é%c active
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MPGe
4-Detector Array

14.7 cm face to face
27 solid angle coverage
6 ft. tall

Close proximity
- Compact assembly!
e System design and fabrication challenges

Higher luminosity physics

10 particle nA x100 = 1 p uA

- More radiation damage!

- 5x10° /cm? 2 weeks 40 keps (10 cm 1 mg/cm? Pb)
. Lower Operating Temperature

. Trap Correction

. Annealing (High temperature)




MPGe System Design
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The first MPGe 140-mm diameter planar detector is
functional !!

As shown here, the system is fully
integrated with control electronics and readout
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A
MPGe Prototype Basic Properties "Y‘IPHDS
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* MPGe assembled and fully
functioning

* Detector
— 140 mm dia. x 10 mm thick

— (100) HPGe crystal
— Viep =-350 V
* Segmentation
— 16 x 16 orthogonal strips
— Pixel pitch =7.75 mm
— Gap width =0.125 mm

* Cryogenics
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Flood Image — Parametric Spatial
Interpolation
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>’Co “Beam” — Parametric Interpolation "@PHDS
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» >/Co source

 1/8” thick Pb collimator

* 0.5 mm straight pinhole (2.5 mm x, 3.4 mm vy)
e Spatial resolution FWHM ~ 2.6 mm at 122 keV
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Depleted Uranium measurement
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MPGe vs. GeGl — Comparison at PHDS Co.
Implications for:
Detection, Identification, and Location
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GeGl

90-mm dia
_ 9 uCi
— 2 meters 137Cs
< > P

MPGe Time to Detect/Identify and Locate
140-mm dia

Compton kinematic y-ray imaging
(y-ray tracking)
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GeGl
90-mm dia
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MPGe
140-mm dia
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GeGl (90-mmdia)  MPGe (140 mm dia)

Time to Detect (6G) 30 sec 10 sec
Time to Locate (2c) 420 sec 190 sec

9 uCi 137Cs at 2 meters



Product / System Evolution
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NPX LN,
150 Ibs.
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