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(a) Evidence for dark matter: galaxy rotation curve, (b) method for dark matter detection,

(c) 2vPBp and OvBP Feynman diagram;

(d) Possible energy of OvfBpL!2]
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Implications for dark matter

detection:

» Dark matter plays an
important role in the
formation and evolution of
the universe

» Involves research topics
such as elementary particles

Implicaions for 0vfBB detection:
> Neutrino mass order

» The only viable way to prove
whether neutrinos are their
own antiparticles is to be
neutrinos,

» Understanding the neutrino
mass origin problem

[1] Zwicky F. Die rotverschiebung von extragalaktischen nebeln[J]. Helvetica physica acta, 1933, 6: 110-127.
[2] ROSZKOWSKI L, SESSOLO E M, TROJANOWSKI S. WIMP dark matter candidates and searches-current status and future prospects[J]. Reports on Progress in Physics Physical Society (Great Britain), 2018, 81(6): 066201




Rare event detection

Direct detection method 'HPGe detecrors |
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HPGe detecrors

Energy resolution (0.2% FwHM at 662keV), linear energy response, lower energy threshold
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HPGe detecrors

Small band gap
Free carrier concentration of 1013 /cm3 at RT,
10° /em at 77 K
Material Bandgap at e-h pair creation Density {gfcmj) Mean Z High activated carrier leakage current at RT
300 K (eV) energy (eV)
S1 1.12 3.6 .33 14
Ge 0.67 2.96 5.33 32
CdpoZng;Te 1.57 4.64 5.78 49.1
10% 1.57 keV FWHM 0.97 keV FWHM
@ 662 keV @ Pulser
Material Hole mobility | Electron Hole lifetime | Electron MuTh HeTe 10° \\“ /
g (cm*/Ves) | mobility Ty (5) lifetime (cm*/V) (cm*/V) Energy th resholQ- v
I (cm™/V+s) T. (5) £ < <€
Ge (77K) 42000 [43] 36000 [44] | 2x107[45] |2x10°[45] |>1[31] >1[31] =
S1(300 K) 450 [47] 1350 [47] 2x10°[46] | >10"[46] |>1[31] >1[31] DAL LIS L01
CZT (300K) | 30 [48] 1100 [48] 1x10°[46] | 3x10°[46] |5x10°[2] | 5x107[2] L i Source: Cs-137
Background
1

1 1 1 I 1 1 1 1
o] 600 800
Energy(keV)



HPGe detecrors

Carrier injection current (77K is less than 1pA)

lior = AJpi +§j€i 1 Isurf + Tk

Table 3.3. Summary of key features for the different classes of electrical contacts on HPGe detectors.

Contact Type Advantages Disadvantages
Ion-implanted (B) Thin. good electron blocking No hole blocking. additional
processing needed for segmentation
Li-diffused Robust, good hole blocking Thick, changes with time. transition
P+ I region. difficult to segment. no
clectron blocking
—@1 Metal Schottky Thin, simple to construet. easily | Poor hole blocking. not robust. some
— barrier segmented. good electron blocking lack of reproducibility
- Amorphous Thin. blocks holes or electrons. Electron or hole blocking inferior to
semiconductor doubles as passivation. easily p-n junction, wide range of film
electrons segmented properties
Gamma-ray
Side surface
Point contact \

N\ 10
+Vb.m_| Outer electrode



Schottky Theory:

P-TYPE GERMANIUM NATIVE OXIDE AND
_— PASSIVANT

J=AT2e-¢ kT [eVa/kT-1] E. i — A

_ _ = —— L 3
J: Saturation current under reverse bias E B W T 0
A: Richardson constant qdb — B PR O

_ _ ] _ INVERSION | _|x 4| "
¢;: Interfacial potential barrier height LAYER Al
A

The surface is sensitive to pollutants and water vapor, which changes the surface state and electric
field distribution, make the surface charge collected.

Surface suspension bond states and defects trap electrons and facilitate electron and hole separation,
but also become the composite centers.

Surface leakage current is generated.

Avoid passivation layer charge collection

Avoid building up internal electric fields
11



CDEX experiments
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CDEX experiment current and future plansl'l CDEX expeirment future plans: experimental scheme adopted by 100 kg
Experimental design: liquid nitrogen or liquid argon liquid directly cooled and 1 T HPGe detector array!!]

HPGe detector array
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Surface passivation

Protection layer

+» Eliminate pollutants

* Eliminate surface dangling and stress bonds
** High resistance

“+ Blocking hole or electron carrier injection

HPGe detector is bare immersed in
liquid nitrogen with long-term, and the
leakage current could tend to increase.

severe surface state

Solution: Passivation of HPGe detector

Achieve low leakage current and low
threshold of detector
decrease detector surface optimize band Realize stable operation of HPGe barely
current leakage and noise structure immersed in liquid Nitrogen or Argon



» Background

»First-principle Simulation, Passivation Evaluation and
Performance of HPGe detectors with Silicon oxide Films

»Prophase Simulation, Film Fabrication, Passivation Evaluation
on Germanium Oxynitride passivation of Ge-based Devices

» Conclusion and Future Plan
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Methods
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HPGe surface passivation analysis for rare enent
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Surface passivation changes the composition of conduction band and valence banZg

edge electronic states to realize the regulation of band edge characteristics. #



Density of States(electrons/eV)
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DOS of Ge-H, Ge-OH#F1Ge-NH, (a) TDOS; (b)

-H PDOS;

(¢) -OPDOS;

(d) -NPDOS

@ N passivation has a direct bandgap, while O
passivation transforms into an indirect
bandgap

@ Ge-OH has the best passivation effect.

@ The strong electronegativity of O and N
results in the rearrangement of electron
cloud and the change of electron state
distribution at the band edge.

@ Passivation of -O and -N leads to increased
surface recombination efficiency and surface
leakage current, which affects surface charge
collection.

26 26
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Partial Density of States (states/eV)

@ The density of states of different silicon
oxygen atoms passivated significantly
decreases compared to H passivation.

@ The SiOx system reduces the DOS
intensity and interfacial state density,

and the fixed charge in the oxide layer
forms an internal electric field.
___ ¥ The passivation effect of Ge-SiOx is

better with increase of O element.
@ Si/O atoms are randomly
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mixed/bonded in Ge passivation layers
with excellent electrical and chemical
passivation properties

28
. Nuclear Science and Techniques (2021) 32:93.
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» SiO (SiOx) : Microstructure is controversial: random
bonding model, random mixing model, interfacial
cluster mixing model.

» Si0,: The flexibility of Si-O-Si bond makes SiO, have a
variety of crystal forms and makes most of the
chemical bonds at the interface remain saturated,;
There is a large amount of fixed positive charge in
SiO02, which can produce field effect passivation.

29



b ® SiOx Film by Electron Beam Evaporation
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Fig. 1. Schematic diagram of surface passivation of a HPGe crystal.
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Evaporation
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» Background

» First-principle Simulation, Passivation Evaluation and
Performance of HPGe detectors with Silicon oxide Films

» Prophase Simulation, Film Fabrication, Passivation Evaluation
on Germanium Oxynitride passivation of Ge-based Devices

» Conclusion and Future Plan
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b GeOxNy Film Preparation

Nitrogen and Oxygen as sputtering atmosphere oSEM (a)
passivation cross section; (b) Surface morphology
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XRD spectrum of different N, O, ratio
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» Homogeneous film

» The amorphous state is strong and the growth is reverse random 35
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GeOxNy Film Preparation
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Tauc plot fitted band gap;

(h) Tauc plot fitted band gap
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» Less O, get GeO;
» Too much nitrogen will prevent the formation of
germanium nitride.
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GeOxNy/Ge interface defect analyze
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> The passivation layer is mainly affected by interface trap charge.
» Flat band voltage is about -0.8V;

> Passivation layer thickness is thin, easy to be broken down
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