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What is an HPGe Detector?

High-Purity Germanium detectors HPGe:
reverse-biased p-i-n semiconductors used to detect gamma-rays.

n* Li doped = 0.9 mm
Thermal diffusion

n contact

<R
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(electron collection)
HPGe

Charge carrier
o density: 109 cm™3
___— Surface passivation

Diameter: 40mm
Height: 20mm

=

p contact

p* B doped = 0.3 um
lon implantation
(holes collection)
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Gamma detector state of the art INEN
(AGATA in EU or GRETA/GRETINA in USA)

Advanced GAmma Tracking Array (AGATA) Gamma-Ray Tracking Array (GRETA)

J.JValiente al. NIM Phys. Res. A (2023) 1049
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Gamma detector state of the art INEN
(AGATA in EU or GRETA/GRETINA in USA)

ATC (AGATA triple cluster detector)

M MIRION
T.W. Raudorf, R.H. Pehl / Effect of charge carrier trapping
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New contact/junction on HPGe: PLM (Pulse Laser Melting) INFN
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" . ulse < 100ns
Deposition Doping layer p i &g Doped layer
® . [ [&] I'\_I ]'\l. l'm.l "-.l‘ l‘!—aser
e” © o S LSS
= T — 1 i
: - [ Gqud|  Regiowniayer
Advantages:
(50 T P+ ORIV TTPE DOFING PROCESS FOR SEMICONDUCTORS YK““\‘ ) ) ) ) )
‘ « Melting temperature is reached and maintained for a very short time

(<100 ns)

« Only the surface (< 200 nm) is melted, the bulk is at room temperature

Fig. 1 « High dopant concentrations with very sharp dopant profile

ZEEED

« Very clean process suitable for preserving the Ge hyperpurity

« Suitable for complex contact geometries (segmentation)
Autors:

D. De Salvador, G. Maggioni, D. Napoli, E. Napolitani
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New PLM contact/junction on HPGe: Crystal surface preparation 'NFM
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New contact/junction on HPGe: Sputtering deposition and laser PLM INFN
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Magnetron Sputtering deposition Excimer KrF laser

0138 197 228 1698 1760 1807

optional
o

n* Sb 2nm
E%&V’C@C%Mj/aoa
K J dk £ badé

p* | Al(Ge | 4 nm (10 nm)

cap) £ BE&IoboS S %%
€¢¢ %od Ok £

A=248 nm, 22 ns
* Frequency: 1-10 Hz
« ED=50-1300 mJ/cm2
« Square 5x5mm2 spot
« Homogeneity: < 2%
« lateral resolution <30
m
« Motorized XYZ stage
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I Impurities concentration in Ge bulk I

Charge carrier density (cm3)

New PLM contact on HPGe: characterization

SIMS (Secondary lons Mass Spectrometry)
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C. Carraro et al. “Applied Surface Science, 509 (2020)
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HPGe PLM planar segmented detector: |-V characterization INFI\#
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Soft contact + Al plated (segmented)

Sb/p-HPGE/AI, Sb/p-HPGE/AI,
N=6x10° cm=3 N=1.6x1010 cm~3
L=28mm, t=10mm L=33mm, t=8.5mm
104 104 E
dof p+ b ] Al
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.-“TE lﬂ!}'i CE -
w o o
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F 3
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10! 10° 10! 10° 10° 10! 10° 10! 107 10°

V(V) V(V)
S. Bertoldo et al., MSSP(2025) volume 200
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HPGe PLM planar detector: Summary Process

HPGe p-type detector

Detector d (mm)} N4 Vo Process Ve [V] |E‘|
[10'° [v] [kV/
em™?] cm]

D2-A 9.20 1.6 760 Dust-proofed 15-25 0.2-0.3

equipment

D2-B 9.15 * 750 Aggressive 20-40 0.3-0.4

solvents

D2-C 9.15 * 750 Au-free 50-60 0.4-0.5

lithography

D2-D 9.10 * 740 Chemical- 60-90 0.5-0.6

mechanical
polishing

D2-E 8.8 * 690 Indium discs 80-110 0.5-0.6

D3 19.8 0.6 1320 Kapton foils 1200 1.3

contact

D2-F 8.6 1.6 660 Mylar foils 150-300 0.7-1.1

contact

D4 10 0.6 335 Thick Al 500-600 0.5-0.9

plating and
mylar foils
contact

D2-G 8.6 1.6 660 Thick Al 400-600 1.2-1.5

plating and
mylar foils
contact
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S. Bertoldo et al., MSSP(2025) volume 200
https://doi.org/10.1016/j.mssp.2025.109967

Materials Science in Semiconductor Processing 200 (2025) 109967

Contents lists available at ScienceDirect

Materials Science in Semiconductor Processing

journal homepage: www.elsevier.com/locate/mssp

ELSEVIER

Lithium-free hyperpure germanium detectors with enhanced thickness,
area, and segmentation via pulsed laser melting




HPGe PLM detector: Radiation Hardness (Neutron damage) INEN
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N U gl 380nA 4MeV proton beam
i n 9 ’Li target, 100um

Reaction: “Li (p,n) 7Be

Prototype detector is located at 30° 9.5 cm
Neutrons are directly measured with

) - CLYC7 scintillators, 30° 2 m

# )

~q T - GASP HPGe y detector, 90° 1 m

7Be + e- o9 71 MWD 477.6 keV

R. Escudeiro at all. “Neutron radiation damage on a
planar segmented germanium detector” Acta Physica
Polonica B Proceedings Supplement 17, 3-A14 (2024)
DOI:10.5506/APhysPolBSupp.
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HPGe PLM detector: Radiation Hardness (Neutron damage)
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Detector prototype: Starting resolution at 80V operational
bias before the neutron damage run
Sb/p-HPGe/Al L=
32mm, 1= 8.6mm 241Am
% O . —
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FWHM (keV)

HPGe PLM detector: Radiation Hardness (Neutron damage) INFN
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Operational Voltage 80-120-160V

Neutron irradiation for 20min and to 5 min

runs with 24Am to better characterize 24Am
E =59,5 keV

resolution worsening FWHM = 3,2 - 4,2 keV

i i H 0.7 1 | | I
Drastic drop in resolution after _ T — [
~ 3-10° neutrons/cm? irradiation fluence 0.6 —— After damage
s i i £ 0.5
0T 80V : 120 V : 160 V 2]
L B T 0.4
| %03
5 |
Z 0.2 I_'—LL
H—HHH’M/ v J’J e
e —J 0 | _‘_I_ "FJ_ h
1_ | | | ||_ ! L | I .\ 1 |T7, ,T T | | 45 50 55 60 65
0.5 1.0 2.0 3.0 05 1.0 2.0 3.0 0.5 1.0 2.0 3.0 E (keV)

x 10° neutrons / cm?
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HPGe PLM detector: Radiation Hardness (Recovery) INEN
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Annealing: 40h at 105°C continuously pumped inside the cryostat

249Am
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Design and Fabrication of DSSD HPGe detector INFN
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Planar Double Sided Strip Detector (DSSD)
2inch - 2mm HPGe
p-type wafer
6.0 £ 0.3 E9Qcm3 TOTAL AREA ACTIVE AREA
guard rings
for edge-field
control 26.5

6 Sb-PLM
n+ contacts

5
|

|

|

|

I

i

|

|

|

i

I

i

I
i

i
-

05mmgap | (| [ =
guard T
rings S i )
\31 2|3 4||5|I6||/
six readout
6 Al-PLM electrodes per side 36 VOXELS
p+ contacts Ax4%x2 mm3
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Scan me to see

photo[ithography DeSign and Fabrication Of DSSD HPGe deteCtor INFN
animation Istituto Nazionale di Fisica Nuclear
, ) , lift-off
from prime sputtering Al metallic  gpincoating exposure developing trenching o
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— | B
- - - - - - - |
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e — : ———— Flip 90
Surface } HEE
roughness Gb{M/ G?!!Sa g ¥3§&; Abo | /’{j{’/“a! ¥ KK KK ia %o.aceiboge 7'/|/l,4H%if&é;27%;2{7%052I 101083] 1 By
RMS nm dlfjradice  alréWgaboe  GEI'N boge Bl Ko Ok Ee HiPOINO, scH,cooH  VMP Bl
éaaraal b oot K%og Btr2s:%6 Hoko
KECHK g

y

In-house CMP
polishing of raw
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" - assombly animation Design and Assembly DSSD HPGe detector INFI\i

Istituto Nazionale di Fisica Nuclear

lateral holder assembly PCB assembly cryostat integration and
passivation wiring

# #
HINO, HF Bot%o0 Al AT, g‘?’s?:-ig"mbd( a1 %0 Rogers PCB
£ Koo =37 B0 Kt ¢ L
QSbl G6q e MpOH  PEEK Hob 6l iabOHc lognb %, DroP-shaped flex-PCB for soft 107107 mbar vacuum
' ' bibdigiai Yoosiard | electrical contacts LN, cooling 77K
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DSSD HPGe PLM detector: |-V characterization

Sb contacts I-V

Al contacts I-V
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Vireak > Vaep fOr all contacts
Sb6 Vieak ® 30-40 V = 3V,

Excellent Riniergap,

Low leakage currents

INFN
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6 Sb-PLM
n+ contacts

6 Al-PLM
p+ contacts
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DSSD HPGe detector: C-V characterization INFN
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All contacts G-V |Ideal Full depleted detector
300 TR T e -
= (Ve + Vi) * Co' Bigper B
C qg eA Ne rev l ’ ]
250 ’ ! 1.2 = Npger, Mgy , = 0.6-10° cm3
1o B
I — | foe G
@) —=—=—= Plateau fit =~
0.6 U
150 - 2 Real Full depleted detector
-0.4
_ | 9%aeANepr e * Csat > Vdep
100 - Z(Vrev + Vbi) X - 0.2
« C,(85.4 pF)
0 5 10 15 20 + N4 = 0.52-10% cm-3
Viev (V)
¢ Vgep= 10.5V
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DSSD HPGe detector: Y spectroscopy performance

241aom: 59.54 keV |

INFN

Istituto Nazionale di Fisica Nuclear

FWHM Digital acquisition Caen DT5730

137Cs: 661.66 keV

L 4
10 : 241Am 59.5 KeV 3
i ! ]
I 23’Np x-rays
10°% 26.3 KeV E
r 13.9, 17.7, 20.8 KeV 241 Am
" [ \ \ 26.3 KeV 241Am compton
e
€ / I
g 102 2 3
o E
10! =
i
I ]
100 1 | | | 1 ‘ ‘ |
10 20 30 40 50 60
energy (KeV)

Lo w o
0 O O

Channel 241Am FWHM [keV] 13/Cs FWHM [keV]
1sp 0.854 + 0.002 1.65 + 0.03*
2sp 0.881 + 0.002 1.58 + 0.03
3sp 0.879 + 0.002 1.63 = 0.02
sy, N.D. N.D.
5sb 0.874 + 0.002 1.64 = 0.04
Bsp 0.879 + 0.002 1.70 = 0.03
1 0.883 + 0.002 1.957 + 0.008
24 N.D. N.D.

3 0.878 + 0.002 1.944 + 0.009
4p 0.897 + 0.002 1.983 + 0.009
5l 0.919 + 0.002 1.998 + 0.007
6l 0.907 + 0.002 1.953 + 0.007
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PLM technology is fully compatible with HPGe crystals, preserving their high purity and spectroscopic

performance.
PLM enables the fabrication of thin, finely segmentable junctions.

Following neutron damage, PLM-segmented detectors can be effectively restored through annealing

while retaining excellent energy resolution.
The PLM-based HPGe DSSD has demonstrated promising FWHM performance.

Ongoing work focuses on increasing the detector thickness to 15 mm (V,, 2000/2500V)
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