
Gamma Ray Imaging Detectors

Charge collection physics in very large diameter 
germanium crystals
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PHDS Co.

• Est. Fall 2004 – Nuclear and Solid State Physics Origin

• History: Custom Nuclear-Physics Detectors

• Recently: Modular HPGe Systems 

• Complete Germanium Detector Manufacturing and R&D

• Concept Design

• Crystal Growth

• Detector Fabrication

• System Integration 

• Software application

• Sales & Service 

• Make new HPGe detector capabilities available

NPX (150 lbs.)
GeGI-5 (15 lbs.)
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10,000 ft2 Manufacturing 
and R&D  Facility in 
Knoxville, TN
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Fabrication

HPGe Crystal Growth

Analysis

Electronics

Ge Zone Refine

Cryogenics
Integration

GeGI 5

The vertical manufacturing process for HPGe Detectors
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A product with global impact
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137Cs – 1 sec ID, 3-4 sec locate
5 meters away
44 mCi or 1.6 GBq (0.7 mR or 70 Sv)

Sellafield nuclear facility (UK) – March 2017

6th Floor FGRP

4 seconds
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Sellafield nuclear facility (UK) – March 2017

6th Floor FGRP
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Sellafield nuclear facility (UK) – March 2017
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Sellafield nuclear facility (UK) – March 2017

6th Floor FGRP
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Sellafield nuclear facility (UK) – March 2017

6th Floor FGRP
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GeGI was immediately purchased – high sensitivity + 
excellent resolution – 9 imagers evaluated
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Large diameter/volume HPGe Crystals

HPGe

B = 1.2x109 /cm3 p-type
P = 7.0x1011 /cm3 n-type
Al0 = 8.5x1010 /cm3 p-type
Al1= 5.9x1010 /cm3 p-typeBest crystals from CZ250

167 mm dia
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Segmented HPGe detector fabrication 
DOE NP Developed

Leakage Current vs. Voltage
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Surface contact physics: Ge, Y, Ag, …

j = j∞exp(-{φ – [(ε0εGe/Nf)
1/2(V+Vdepl)/d] }/kBT)

E.L Hull, R.H. Pehl, “Amorphous germanium contacts on germanium 
detectors,”  Nuclear Instruments and Methods A, 538, Issues 1-3, (2005), 
Pages 651-656.

Hull EL, R.H. Pehl, J.R. Lathrop, B.S. Suttle, “Yttrium hole-barrier contacts for 
germanium semiconductor detectors.” Nucl. Instr. and Meth. A 626–627 
(2011) p. 39–42 (2011), doi: 10.1016 / j.nima.2010.10.029. 

90 mm dia
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140 mm

90 mm dia

 

Excessive Leakage 
Current (and Trapping)

Most of the time they do not work….
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However, it does work sometimes - so it can be done!

The detector fabrication process? 
OR 
The crystal?
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Ar ~ 5 mTorr

Ge sputter target

Ge 

90 mm

Ar ~ 5 mTorr

Ge sputter target

Ge 

140 mm
It’s not the fabrication…..

The detector fabrication process…




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
OR






AND

140-mm 
diameter 
detectors 


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140 mm

90 mm dia

 
The problem appears to  be the crystal
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1. Grow [100] Crystals
a. Compare test detectors
b. Compare full sized 90-mm detectors
c. Gradually increase diameter to 140-mm+

0 100 200 300 400 500 600 700
E (keV)

Test detector results

Large-diameter (90 mm) results
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Test detector results
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𝑭𝑾𝑯𝑴𝑻 ≅ 𝐹𝑊𝐻𝑀662
2 − 𝐹𝑊𝐻𝑀122

2 + 𝐹𝑊𝐻𝑀𝐹 662
2 − 𝐹𝑊𝐻𝑀𝐹 122

2
1
2

[where 𝐹𝑊𝐻𝑀𝐹 𝐸 = 2.355 𝜀𝐹𝐸 at

energy E with 𝜀 = 2.96 𝑒𝑉 and

Fano factor 𝐹 = 0.12.]

0 100 200 300 400 500 600 700

E (keV)

122 keV

FWHM = 1.05 keV

FWTM = 2.03 keV

662 keV

FWHM = 1.44 keV

FWTM = 2.69 keV

Test detector results
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Test detector results

Test detector results confirm other 
orientation is superior to [100] !!
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90-mm diameter detector results confirm 
other axes are superior to (100) !!

1. Small test detectors
2. Large diameter 90-mm detectors

other axes are better 
than [100]

90-mm diameter
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Bringing puller to HPGe level
Most of the way there now

Stabilizing crystal growth
Increasing mass incrementally

Alternative axes will be attempted when new quartz arrives

Siege
90-mm diameter  140-mm diameter  200 mm diameter

Thank you NP


