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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

« Carrier DRIFT velocity and E-field:

* by = 1350cm2V-1s T, = 480cmeV-1s

1
qlu,n+ u1,p)

* Resistivity P =

¢ D- i 1
p-type material  ,_
q/UpND
* n-type material i
,0:
quN ,
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- M shell conduction band

g _--- Lshell

- Kshell

conduction band

conduction band

Crystalline , | AE > BeV
Atom ... t solid empty AE < 2-3eV I
-
s I band gap E, valence band valence band valence band
(filled states) 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

« Depletion Width depends upon Doping Density:

cw] S
H
: : : : 103 Ge
- For a given thickness, Full Depletion Voltage is: ¢
267 (1 1 "
E ]
W = [ + ] ;
q ND NA 10° T et
10’ 10? 10° 10°
Photon energy [keV]

« W = 300um, Np ~ 5x10'%cm=3: V,, = 100V

Fig. 8.1. Photon mean free paths in Si and Ge.
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» Capacitance is due to movement of charge in the junction
* Fully depleted detector capacitance defined by geometric capacitance

* Strip detector more complex
 Inter-strip capacitance dominates

C_d_Q_ qgeN N, _\/quD B & &
AV \2(N,+N, WV
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Detector

LN2 Dewar %? N‘:‘

Germanium
Crystal
~95°K

)

i
A
* | canBerra

:\\\l {‘

@

Charge-Sensitive
Preamplifier

FET at ~120°K

BROAD ENERGY GERMANIUM DETECTOR BE5030

* 50 cm2 active area 5
« FWHM <=0.50keV @ 5.9keV g
« <=0.75keV @ 122keV 3 e

o <= : . B o ‘
2.00keV @ 1332keV CPNR-OMEG Joint Workshop, Chonnam National University, 21th ~23rd May. 2026




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 << X 0 X0

Application to Nuclear imaging, Nuclear and High energy
physics, Astrophysics and Geology
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Principle of Detector operation

a Fano factor(F)

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

Gas AZ=7|9| B2 A 30ev/I ERGIEE,

Semiconductor Z §7| = &Y o4 X|0f| A 108 & &2 HSIE

Variance = (n — 2)2 =Fe ﬁ,

- Lo
/=

E

a F=0; no fluctuation in the # of e-h pair
0 F=1; Poisson statistics

0 Semiconductor Detector ; less than F=0.05-0.1
0 Gas Detector ; F=0.2 to 0.5

H Ad

O O.

dN
dE

Y/2

Depleted
d

Non depleted
Ll l

Insulator

Old XI20H S (R =
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Interaction Process

- CTTTIT T T TTI0T T T T 1 T 1T
- —

100 o
- —  Photoelectric effect Pair production —
.§ 80 dominant dominant —
§ i ' —
© 60} -
0 a
" i Compton effect \ -

40 dominant

20

L L 1
0.01 0.05 0.1 05 1
hv in MeV 12




Interaction Process

#ord(hv)

-
Photo N PN w2 { G LY (& PN ) B

Electron -—

dE

hv E - e 2
LAXEA S ZiopM e ADE ) hv=T"+T +2moc
”  Photoelectric Absorption (2% & 1})
=0 ik " (up to several hundred keV)
14
%EN‘l v - Compton Scattering (74 T E1 221
hl/\/\/\/\,_. Q- o N \—/ (several hundred keV to 5 MeV)
m, 9 . , e Bo « Pair Production (%Al M)
- ><—Compton continuum —> (5 tO 10 MeV)
““Compton Y
Ht&= & RE edge”
(A Lol RI) — -
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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

A 1

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

int Workshop,

Photoelectric
absorption

Compton
scattering

Escaping multiply scattered
gamma ray

Photoelectric

production absorption

Single escaping
annihilation photon

\
ww < 2myc? hv >> 2myc?

Full- Full—

energy Double energy

daN peak daN escape peak

dE dE peak
£ | b
/ hv E (hv—myc?) l hv E

Multiple Multiple
Compton Compton
events events
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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

e J e

I_Q
. 3 Q 000 |.|.|.|.||.|.
00
00

DFEQEHET FSE)| CEEDRESED] N2 Monitor
- - - ] = O
A ' .
(o)F -io)- NIM Bin &

O

» O
°

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) 0 1 10 100 1000 10000 18



Detector resolution & efficiency

Typical Resolution vs. Energy

3 keV / /
- Well
% 1 keV
=
5 REGe| [ % //
§ - _Xt-ha / L
8 LargflEEg/:j: 10.0 L) l
(=4 -‘-‘BEE;/
e __o —
Small LEGe_—+—"] 77 (2) /O
oV /’* N
100 eV _// © N\ ]
Energy (keV) - N\ N
i NN
8 ANE AN
1001 0.1 \ \\
L4 \ BN
4 ntype -
mm N
contact) 3
2 pome
10} \
0.01
5 10 20 50 100 200 500 1000 2000
Ea Energy (keV)
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
g 807 Silicon
.g 1/3 mil Beryllium
o 40

Z Element

]
=]
|

T T T | I JJ] | | f I I I T [
024 6 810 20 30 20 40 60 80 100 120 140 160 180 200

Energy (keV)

> 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(LEGe)

Be \f:\-’indow j\ ’/— Front Co?t'a_‘ct
— / —
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=

7

vl 54 H

v ¥V V¥V ¥V V V¥

M.B £7] Bt}

\— Rear Contact

& 3keV ~ 3MeV

High resolution at low energy

High resolution at high energy

cCHiciency

1|_ ' L ' L ]

0.1

0.01

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.

—

B BEGe

® Coax -

| R B T | [ R |

10 100 1000
Energy (keV)

Sample®] M.B7} obd AZE7] ¢lo Y& of a7t &

Whole Body Counting, Lung Counting System$¢l| &3} 2]

= 27 Vial Bt Z A 847]9 =AA] 53 F 9]
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Coaxial Germanium Detector (P-Type)

£ 1.0
g
8
]
\' a 0.1
{ P+ Contact
N+ Contact
L ) L ¥ 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)
> olvdx 54 H9l - 50keV ~ 10MeV
» 71 RAA O T AMLEH = HET
> Sample¢] M.B €714 o a3}7} &
> Inner Contact : 0.3um thick, Ion Implanted
> Outer Contact : 0.5mm thick, Diffused Lithium ) ) 23



Reverse-Electrode Germanium Detector (N-Type)
/‘BFW%

// 10.0
/ g@ 1.0

)

Y :

./ Z 2

L
P+ Contact N+ Contact 0.1

(W S} ~

REGe Detector Configuration

0.01

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

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

A =4 g : 3keV ~ 10MeV
Low Energy GammaZ® =% 3 4 9J$
Neutron 2 Charged Particles ¢l 2|8t Damage®l 7}3}t}.

Outer Contact : 0.3um thick, Ion Implanted

YV Vv V V V¥

Inner Contact : 0.5mm thick, Diffused Lithium 24



Extended Range Germanium Detector
/—BeWindow

v VvV VvV VvV V¥

(= =)

15% XtRa

15% Coax

7 4
% // 10.0
ig 1.0
A A ; 0.1
Z N+ Contact P+ Contact
2 XtRa Coaxial Ge Detector ’h' 0.01
\_

5

10

20 50 100 200
Energy (keV)

500 1000 2000

/

A=A 54 Wl 3keV ~ 10MeV

Low Energy Gamma¥ 54 & 4 &

A evA] vt FHA MBE 2 &3 )l
Outer Contact : 0.3um thick, Ion Implanted

Inner Contact : 0.5mm thick, Diffused Lithium

Typical Efficiency curves comparing XtRa and Coax Detectors with

detector-source spacing of 2.5 cm
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Germanium Well Detector

. —  Well
Diameter
rr 1\
[ 0 o )
gg et ~
70 / \\
—~ 60—
& 50 / \Iv
3 a0l AN
c
[}
;::J 30/ \\
i N
[0}
§ 20 1
§ 15 ™
< \
~ Ge Well Detector ~ 1 8 ‘ﬁv
8 N
20 50 100 200 500 1000 2000
Energy (keV
\_ gy (keV) )
Measured efficiency of a Model GCW2522 with a mixed point
> Y] =A HE : 3keV ~ 3MeV standard located at the bottom of the 10 mm diameter Well.
> Near 4 7 Counting Geometry
> AR9 %ol AL Vial FEje] FH ] A%
> Well Diameter : 10mm or 16mm
> Nominal Volume : 70cc ~ 200cc
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Special Germanium Detector

CLUSTER array for EUROBALL
(7 encapsulated HPGe detectors)

Hexagonal tapering - diam.: 70 mm - height: 78 mm

‘ FWHM resolution : < 2.3 keV

: y Efficiency: > 55% Encapsulated Detector
3 Alu wall thickness: 0.7 mm

Arrangement of Four Coaxial Ge Detector Cap-to-Ge distance: 0.7 mm.

2 FOLD SEGMENTED CLOVER BB

o { FUrhM
Ir

detector mounted on a 8-meter telescopic mast for 27

Segmented Coaxial Detectors d measurements of contaminated areas.



¢ A 27X A (Cryostat) & 7|5

Fstel 427 Ak 3R vt HES

E 7 A7) ol

v E R
= Slimline
= Flanged
= Portable

=  (Convertible
= Electrically Cooled

= Ultra Low—Background

Preamp
Housing

Fill'Vent Tubes

Molecular
Sieves

Superinsulation —

SA 25 2F77~80K (-196°C)

Tailstock

LN, Transfer
Collar

Necktube

+— Dewar

28
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M| SZ7|(Pre-Amplifier) - RC Feedback

> HHZA O Z 713 wol ALY

= Volts
> Z:i, %‘ —ﬁ_‘—.ﬂ?,] }\]_‘EJ_ ’515'78] oﬂ /\]"g‘ Dynamic J*
RANGE |Freeerssemesssese e ss e e st s
Charge carmiers produced
by Ge per unit energy
deposited = 1/2.98
Average
DC
Detector Current = Energy Rate (ﬂ)x ChLe(?l) X 1.6 x 10_,9% Level — Time}
8 energy (e ) Low Rate Limit
. Charge per Volts
Detector Current (A) _ . ¢ = 1.6 x 10" : .
Energy Rate (MeV/s) ~ L 2.98 NI PR D&'Qﬁgic .......................................................................................

Hy = 5 x 10-14 = 0.05 pA/ (MeV/s)

I\ H1

To "
- 52CON 0 Figure 3B Timef
— stage At the Energy Rate Limit

Q orl
g A tp Resolution vs. Feedback Resistor

The energy rate limit of RC preamplifiers is a function . : 3
of feedback resistor value ( ') and dynamic range. Experimental Results with Detector Model GC-1019
Resistor S7Co °Co
V, = xR, Value (122 keV FWHM) | (1332 keV FWHM)
Assuming V_ = 20 V(max) :
L e 2 Gigohm 1.00 1.81
Energy Rate Limit (MeV/s) = _UV YUY MeV/s - ,
R (Gigohms) 1 Gigohm 1.02 1.85
For 2 Gigohms - Limit is 200 000 MeV/s 0.5 Gigohm 1.08 1.93
For 0.5 Gigohms - Limit is 800 000 MeV/s 0.2 Gigohm 125 213
N . . :




Xt M| (Lead Shield)

> Zrobd 3 A A 9] d A
Lead X—ray ¥ +FA 79 452807 FHA &3, Compton A& (FAgE—Backscattering),
AAF B 9 @i Fgo] WA}, o] = 27] 98] 10cm Lead Shield W9l F712 2F 3mm
A HIEE 2 4 0.7mm AEY T8 T F4 #& AX ),
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NIM Bin & Power Supply

Canberra Power Supply Preview Chart .:."".:?
oo 1) NIM Format
Model | Bias |Current Applications Physical - (Nuclear Instrumentation Module)
TE - 0|2oM RES BER Y
3002D | £3kV [ 10 mA | Nal, Gas Proportional, | 2-Wide NIM v —
SilLi), HPGe | sl - %Xﬂﬁ.%i S8 s
- Size, ¥, Mol HEFEHY
3102D | +2kV | 1mA | Nal, SSB, PIPS, GM, | 1-Wide NIM ap-
Gas Proportional -— L O KpAFA X2 xjolo T
Si(Li), HPGe 2) NIM UnitE Z&5t1 A FHRAS S5
| -
3106D | +6kV | 300 uA | HPG 1-Wide NIM — "
“ ° - Y 3 AHFRYUE s = FFSHHE
3125 | +5kV | 100 A | Nal, SSB, oPIPS, GM, | 1-Wide NIM - ZH Unit0l] DC + 6V(10A), + 12V(3A),
{Dual Unit)[ +2 kv | 300 yA | Gas Proportional e WE + =2 D0
Si(Li), HPGe =] t2AV(ISA)IE S E
31




Spectroscopy Amplifier

® N3 FH Y Y
AT FE  GainA| H3lE FZ %] H3}(Coarse Gain, Fine Gain, Super Fine Gain)
ANEAY : AX FE7]9 28A359 WE A5 Rise Time) 3 =9 37FAI7HS] A5 &
AYsta A% of A8 (S/N H)E 7R A17]17] Aste] A58 APHo = F
(£ 10V o]3h A 7| 98-S
@ Pulse Shaping (Pre—amplifier A1 3 2 F ¥ 3})
—. Pre—amplifierd] @72 A3 = 3 Fo| FAH SA &7
—. Pre—amplifier A58 $H A 914 o] A 54 &7}

=
3
=5

% = o

v GI (Gated Integrator)
71 W3

v RHZF 07 713 wol ALg 3§
v AFT (Auto Fine Tuning)

7S AR I Al$& (High Activity)
v Auto BLR 715 AR S3 A% &
v PUR 715 v Auto BLR 7]&

v PUR 7|
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Linear Amplifier
BEatN

13: ?;_J* .0

1= Ryly = AL, ”‘::
CR-RL Pulse S2aping. i 2.0
D el — e l.ﬂ
CR-RCZ|Z & 0| 8¢ ud ¥ E N
3 -
=
0.2
0.1
1 0.1 0.25 0.5 1 2 4 8
o8 . F Al e
noise Mﬂd i ME T{}L‘:&E}
2
o W >=ZEJ| 2| Shaping time 1t BHX| = 1t 2| 2|
log shaping time 1 Jz l ‘1 1‘13141110 .
Shaped pulse width 4
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Multi-Channel Analyzer (MCA)

® s
> 5E7]9 &9 92 E Digital 122 W&t A5 0] 77 2 £7sto] w2l A%
» ADC 2} Memory® T4 5™ Stand—alone Type< ¢§7]¢] Display & XS Y&
» & o= DSP (Digital Signal Processing) S ©]-&3F Digital W21 9] dAFH FE)2
MCA=E low, Ag-8t A} st H2] o whe} vrefetA A8 & =+ Qo

Input/Output
Devices
From External
Amplifier \
Display
Analog-to- Control and :
Digital i Logic Memory — jratei Analysis Display
Converter Logic
From Isnternal
o wp S pECITOSCOPY
Preamplifier Amplifier
Multichannel
Scaling Input

Multichannel Analyzer Functional Block Diagram 34



Integrated Digital Spectrum Analyzer

& Digital Spectrum Analyzer

» DSP (Digital Signal Processing) 7]4¥Fe] A3

Digital Amplifier W% ey -
» Digital Amplifier W3 s | s af —

e L CECY
» High Voltage Power Supply : +/— 5000V W3 DSA —1000

» 16K Multichannel Analyzer W%

» PHA and MCS =4 2 & x| ¢

» On—board data backup 7]%5 A g
» Digital Oscilloscope 7]%5 W3+

» HPGe, Nal(T1), CdTe % 7|} HZE7]° BF &£

e

» ZAl HA - Ethernet/USB or USB only A8 7}&

Inspector—2000 (Portable)

n National University, 21th ~23rd May. 2026 35



Gamma-ray Spectroscopy Analysis Software

=lQi x|

[ TR p—p—
Mie MCA Calteaty Ouplay Awipoe Bt Optors Detassurce "

Sl | ¥ 2 |QIB] ool 4] wWinlalw] ~|o|5]| ¥

Channel 1427 @ 6619 keV Counts: 2427 Presct 04400000

€ Genie—2000 Basic Spectroscopy
» Hardware Ao} 4 =7

» Energy/Resolution Calibration
> AYEA (AF B2)

(e b it o et 01
NUCLIDE INFO Specral Data Tovarr Peets . " ﬂ
s PWHM u&on Mes T 31473 Dete 2t Cusser
m] Nuchoe et e X1y Onarent b
— :.—..,. j.m e Yeld 1% £ RVl 147623
Ll ey o Tl
Mobos
For v oo F1 Dector dma wedy bV Oharved

Lt S22 %8
mige 91819 e §
etse

I Pesks T Nuckoes

Zeadpter Mev it
Vahse o Curver 5656

& Genie—2000 Gamma Option cmms

Spectal Giragh Optors |

» Efficiency Calibration

Mtlnnn-lu-mlcm—-l

= , | s | st | ouae | msun

> 24 (Activity Calculation) e e e e
3o Cortruam Between Matan | | 3 Bt VURR oo Np S _®e. 8

B e ¢ 23 %% sume 2 8

‘f[f’ RN - UNR - JJuD. = masn =4  § LI:J

Botun | e
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GENIE-2000 =T 27181 29

GENIE-2000

}. GENIE-2000
BP certificate File Editor
] Gamma Acquisition & Analysis

@ Geometry Composer Iil = A-l A = E -?-'" 01 (G ENlE 2000)
Eﬁf;;:g“;&?;“,z"’” e : GENIE-20002 A X|5}™H Gamma Acquisition & AnalysisE H| &5} 0
B o At e CHFSH ZHd T2 30| MX| =}

X VDM Service Manager

m F2 AHg Z27

=" L & I3,
VDM Service Manager - GENIE-2000 Z2 3 ALE Al &t S & 0{0f Sf= 7hat OO E 22| X} -
MCA Input Definition Editor |- AF&3t1 U= MCA2| HEE 7| E/ME(EH) *MID
Nuclide Library Editor - A0S 2to|Eaf 2| oh WHOIHA 2E Al /&) “NID
Certificate File Editor -nFE A AL BEESE ASM MY dY@EE Ul Al /8) *CTF
Gamma Acquisition & Analysis | - HA[Zt 57 CIO|HE &4 * CNF GENIE'ZOOOE-I EI'OEI E!.Jcc,l-xl.

ck: M B

AL
40

VDM Service Manager?

o g o% 214
L ENEE0204 .mid MCA2| H& % DB I+ CHGENIE2KWMIDFILES
SRR TP ' — _
Rrsiedic .cal o JE7F AME 8 oy C:WGENIE2KWCALFILES
Restart Service
i : nlb = ato|= 2|7t XM 8 oY C:WGENIE2KWCAMFILES
.ctf QIEM o CWGENIE2KWCAMFILES

.asf Analysis Sequence?t A% & g C:WGENIE2KWCTLFILES

rpt Report?t X% & oY CWGENIE2KWREPFILES
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The energy resolution of the HPGe photon spectroscopy system is governed by the variation in
the number of charge carriers, variation in the charge carrier collection, and the contribution of
electronic noise. Hence, the FWHM of a peak in the spectrum can be represented as

Wi =Wy +Wgi+W;

where W values on the right-hand side are peak widths expected due to carrier statistics, carrier
collection and electronic noise.

The variation in the number of the charge carriers is given by

W JESN JF E’

—D =2355———=2355-"— W W} =(2.355>F -~ =(2.355)° FwE
E N N p =(2.355) N (2.355)° FwE,
where E, is the photon energy, N is the number of e-h pairs, F is the Fano factor, and w is the
energy required for creating a electron-hole pair. If the Fano factor is assumed to be 0.1, the
equation predicts the Wp value of 1.3 keV at 1.33 MeV when the w value of 3 eV is used.

The contribution of the second term is due to incomplete charge collection and becomes
important for large volume or low electric field detectors.

The last term represents the broadening
effects of all electronics following the 25
detector. This component can be measured
with a precision pulser as discussed in the 20} i
pulse processing chapter. The pulser output is
fed to the test input of the preamp and it
undergoes exactly the same path as that of the
actual signal from the detector.

Wr

w
T

FWHM (keV)
o
R
=

Fig. 8.15 shows the contribution of each
component as a function of the photon
energy. At low energies, electronic noise and o) S S T TS S S S S S T S W
charge collection are relatively important O 200 400: S0 Bdo 100 200 1400 1800
while the additional broadening due to carrier Encryy {ks¥)

statistics becomes significant at higher Fig. 8.15. Dependence of resolution on photon energy.

energies.

o
o
T

39



Peak to Compton Ratio=A/B

1332.5 keV (C060)
A: the channel counts of 1332.5 keV

B: the average channel count in the Compton
continuum between 1040 and 1096 keV

The Pt

to a Si

1040 1096 keV
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