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Introduction : Why use HPGe Detector

» Wide variety of applications that need to positively determine
radioisotopes in very demanding circumstances

HPGe detectors
have sufficient
efficiency but far
better resolution.
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History of HPGe

+  Ge vs. Si detectors: (| B P C N
_ \[ 10811 [/12.011 | 14007
- Smaller band gap than Si (0.7 vs 1.1 eV) — | TS
<~ 14 ¥ 15 N
- Higher density (5.32 vs. 2.33 g/cm?) and higher Z (32 vs. 14) Al St P 1

- Lower impurity (107 vs 10'¢ cm-3) allows much larger volumes to be ‘
depleted 31 32 &3 =

6272 ¥2.58 74822

+1962: Pell produces first Li-drifted Ge(Li) detector (~1-10 ol LR
n n
cm3) 114.82 | 118.83 | 121.76
- Limited size, permanent cooling, difficult handling, sensitive to radiation a1 ag a3

Tl Pb Bi

204 37 207.19 =0A8.58

damage due to p-type, ...

+  1970's: Ge(Li) was replaced by High-Purity Ge (HPGe)
defectors due to improved crystal growth processes (zone
refinement and Czochralski process)

+ 1990's: Large-volume HPGe detectors (10 cm diameter, 14
cm length, >800cm?); impurity concentrations down to
<10%cm=3 and therefore the purest material available.. 3
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Resistivity and mobility
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Fig. 8.11. Potential and electric field distribution of a
closed-ended coaxial detector [5].



- M shell conduction band

g _--- Lshell

- Kshell

conduction band

conduction band

Crystalline AE > BeV
AOM yciron t solid empty AE < 2-3eV I
2s I band gap E | valence band valence band valence band
(e SEies) conductor semiconductor insulator

The probability that an electron occupies a certain energy level is given by the
e - crmi-Dirac-Distribution:

| |
~}":.;,,'{_E‘] — E[E_EF VkT ! and for holes fiz(E}: l_fE{E}: E{E,..-—E].'rkT

+1

For intrinsic semiconductors (e and h concentration equal): EFzEgEmIE



Depletion width

A Depletion Width depends upon Doping Density:
'§'100-E Si
AFor a given thickness, Full Depletion Voltage is: g
o
o - 107 <
a
w- JZ;N 1,19
9 ¢t Naz P T 0 o
Photon energy [keV]
AW =300 mm, N D~ 5x10*2cm-s: Vfa’ =100V Fig. 8.1. Photon mean free paths in Si and Ge.
qNW?
Vig =
2€
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A Capacitance is due to movement of charge in the junction
AFully depleted detector capacitance defined by geometric capacitance

A Strip detector more complex
Alnter -strip capacitance dominates

dQ geN N, qeN, _ e _e
dv V2(N,+N )v 2V 2mN W
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HPGe Detector

LN2 Dewar
Germanium

Crystal
~95°K

A
* | canBerra
& |

Charge-Sensitive

FET at ~120°K Preamplifier

BROAD ENERGY GERMANIUM DETECTOR BE5030
A 50 cm2 active area :

A FWHM <=0.50keV @ 5. 9ke
AL <=0.75keV @ 122keV g
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HPGe Application

Study on Radionuclides
Photon Energy
Gamma Ray Emission Rate

Micro - Analysis of Element

Neutron/charged particles activation
Thermal neutron capture
Fluorescence X - ray

Radiation/Radioactivity Monitoring

O O < < < O < <0

Application to Nuclear imaging, Nuclear and High energy

physics, Astrophysics and Geology
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Principle of Detector operation

¢ Fano factor(F)

v Average ionization energy (ll) necessary to create an electron -hole pair
v 296 eV for Ge (@ 80K) vs 3.62¢eV for Si (@ 80K)

Gas A, .t — 30eV % brT, w
Semiconductof A, I€e®/ Yn/ A103 Hx3g ¥ n Y'E.

Depleted Non depleted

- 3 - l
e 5 8 T LI B

2 . Insulator Conductor
Variance= (n - n) =F 9qn,
d_l\l
— EO dE
n — Y
e FWHM 1
Y2 Hr
¢ F=0; no fluctuation in the # of e -h pair FWHM H N
¢ F=1; Poisson statistics
¢ Semiconductor Detector ; less than F=0.05 -0.1 Ho E

¢ Gas Detector ; F=0.2t0 0.5
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Interaction Process
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Interaction Process

#ord(hv)
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Detector Response (small)

Photoelectric
absorption

Escaping scattered
gamma ray

Single Compton scattering

Pair production

Escaping annihilation

photons
“Photopeak,"’
hv < 2 mgc? hv >> 2 myc? or full-energy
peak
" s av
dE \_/ full—energy dE es;:::
peak
Compton
cont.

Compton continuum
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f hv E (hv—2myc?) hv E
Compton edge
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Detector Response (Large, Intermediate)

Photoelectric abs.

Compton
scattering

Photoelectric absorption

daN : Full—energy
peak

Photoelectric
absorption

Compton
scattering

Escaping multiply scattered
gamma ray

Photoelectric

production absorption

Single escaping
annihilation photon

\
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Full Energy Peak

Compton Multiple
Background Compton
Events

=~ 200 keV 511 keV hv — 1022 keV hv — 511 keV hv
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HPGe detector system configuration

** High Purity Germanium(HPGe) Gamma-ray Spectrocopy System **

A =2 xHHIA|
Low Background Lead Shield
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Power Supply

High Yoltage Inhikit

High Yoltage Output

S-Pin Connector - Preamp Power

Energy Output to Signal Input

0 =5 Ge BITH| =2
HPGe Detector with
30 Liter Dewar

Transfer Hose

30 Liter Dewar
LNZ B 2]

comrmunication cable

Communication Card & =4 T2
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HPGe detectors types

Structure Code : Ultra LEGe LEGe BEGe Coaxial Ge XtRa Well
Active Volume )
Diffused Contact(N+) —L | I. | I I
Implanted or Barrier OR——— e Ao
Contact(P+) I-|- ﬂ rl-
Passive Surface - = . N B
Salient Characteristics - Low Energy - Large Area - Broad energy - High efficiency - Thin window = Thin window - 4 Pl counting
Response = Thin Window range - High resolution - High efficiency = Neutron damage = High efficiency
= High Resolution = High resolution = High efficlency resistant
- Peak Shape - High resolution
= Thin window
Detector Type :

Ultra LEGe Germanium

Low Energy Germanium
Broad Energy Germanium

Coaxial Germanium

Revers-Electrode and XtRa ————

Germanium Well

I I N N—

Energy(keV) O 1 10 100 1000 10000 18



Detector resolution & efficiency

Typical Resolution vs. Energy
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Typical absolute efficiency curves for various Ge detectors with 2.5 cm source to end-cap spacing
) N . " €@ REGe, 15% Relative Efficiency XtRa, €) LEGe, 200 mm?2 x 10 mm thick
: ” Ser e ¥ 15% Rolative Efficiency O Coaxial Ge, 10% Relative Efficiency
PHOTON ENERGY '

©  LEGe, 10 cmx 15 mm thick © BEGe, 5000 mm? x 30 mm thick
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Ultra Low Energy Germanium Detector(U LEGe

100 0.4 micron Window

Polymer

80 amm
Germanium
g o e
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.g 1/3 mil Beryllium
o 40
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> olyx] =4 MY : 300 eV to 300 keV -
_ S
> High Efficiency
. _ Mg Ca Fe Cu
> Low Energy Gamma ¥+ X-ray =73 J Fe Ca /\_/\ A_M
Fe Cu
> High peak/background ratio 0.000 keV Enasgy 10.240 keV
> Optional polymer film window o 20

Spectrum from NIST 2063 Thin Film Standard Glass



Low Energy Germanium Detector( LEG#

Be Window j /— Front Contact
= 7 =2y
22

L Rear Contact

YV V V V V¥V

LEGe Detector

NAA] 54 HE : 3keV ~ 1MeV
Wide range of sizes : 30mm? ~ 38cm?
High resolution — good peak shape
Low Energy Gamma =+ X-ray 573

High energy rate capability

10.0

1.0

Efficiency (%)

01

0.01

Ge'Absorption'Edge -

10 c:m2 x 15 mm

0.5 mm thick Be Window

\

N

5 10 20 50 100 200 500 1000 2000
Energy (keV)

Absolute Efficiency Curve for LEGe Detector with
2.5 cm Spacing Between Source and End Cap
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Board Energy Germanium Detector (BEGe)

Composite
Carbon Window N /— Front Contact
LA L=
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\— Rear Contact

A 57 M 3keV ~ 3MeV
High resolution at low energy

High resolution at high energy
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Absolute Efficiency of BESO30 compared to a Coaxial Detector
of 60 mm diameter by 80 mm length for a source measuring 74
mm diameter by 21 mm thick located on the detector end cap.
g.om detectors have approximately 50% Relative Efficiency fora

Co point source at 25 cm.
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Coaxial Germanium Detector (P -Type)
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Efficiency (%)
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{ \— P+ Contact
N+ Contact
~ 0.01

Coaxial Ge Detector Configuration 5 10 20 50 100 200 500 1000 2000
\ Energy (keV)

)

Typical Absolute Efficiency Curve for 15% Detector
(25 cm detector to source spacing)

o4z ZA MY : 50keV ~ 10MeV
71 RAA O T AMLEH = HET
Sample®] M.B £7]d o a3}7} &

Inner Contact : 0.3um thick, Ion Implanted

v ¥V ¥V VvV V¥V

Outer Contact : 0.5mm thick, Diffused Lithium 23



Reverse-Electrode Germanium Detector (N
/‘BFW%

YV Vv V V V¥

2]

N+ Contact
Z P+ Contact 0.1

-Type)

10.0

1.0

Efficiency (%)

REGe Detector Configuration

0.01

10

20 50 100 200
Energy (keV)

500

Typical Absolute Efficiency Curve for 15% Detector

A= 54 Hel : 3keV ~ 10MeV

Low Energy GammaZ =% & + &

Neutron % Charged Particles ©l| 2] Damage®l 733}t
Outer Contact : 0.3um thick, Ion Implanted

Inner Contact : 0.5mm thick, Diffused Lithium

(2.5 cm detector to source spacing)

1000

2000
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Extended Range Germanium Detector
/—BeWindow
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Typical Efficiency curves comparing XtRa and Coax Detectors with
detector-source spacing of 2.5 cm
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