2"d DRD5 Collaboration Meeting - CERN

Geneva 3% October 2025

A
T

University of
Zurich™

DefectAssistedResearch for Dark/ atteAppIications D.A.R.M.A))

Em Evangelog Leonidas Gkougkousjsoana Pintilié, Ben Kilminstér

1: University of Zurich
2: NIMP - Bucharest




Overview

Introduction A Introduction
A Silicon Lattice Overview
A Introduction to Lattice Defects
A Defects as tools is Physics-WDefect, Dark matter detection)

Silicon in A Silicon in Dark Matteii Skipper CCDs & DAMIGM
Dark Matter A Challenges in direct detection experiments
A Energy transfer in crystalline materials

A Skipper CCDs & the DAMIEM experiment

Deep Level A _
Transient Deep Level Transient Spectroscopy

Spectroscopy A Principles and Methodology
A Integration with Skipper CCDs

A Charge Injection & Lockn Amplifiers

Experimental _
A Experimental Setup and Results

Setup .
A Overview and Current Status
A Initial results on test diodes
A Integration with test CCDs
Conclusion

A Conclusions

31/10/2025 E. L. Gkougkousis



MORD5 Relevant Activities

Introduction

A Tracking & timing performance of SNSPDs under 160 GeV SPS pion Dcuéhs—> DRD5
https://indico.cern.ch/event/1580512/#preview:5623765

A Defect Assisted Research for Dark Matter Applications (D.A.R.M.A.) > DRD5/ DRDBI

| https://indico.cern.ch/event/1587343/contributions/6751134/ |

e — — — — — — — — — — — — — — — — — — — — — — —
Elep,

A SPS tesbeam infrastructure extension for low temperature applicuuuf‘?!’f DRD5 / DRD3

https://indico.cern.ch/event/1492202/contributions/6287583/attachments/3
062408/5427458/Gkougkousis AIDA 2025.pdf
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Antroduction Si Parameters Table

Atomic 15 ¢ 35 eV((direction
displacement dependent, 8b@@1 11/1)
Introduction ~ Silicon Lattice Overview Density 2.33 gyfont

0.5 x 132 at./em?®
Lattice constant 5.43 x110% m

DORNNG- £ Engyay e vl Shigting

ip—uopeummicon

Crystalllzatlon -

process
A Silicon 29 most abundant element Wafer level monocrystals Pure silicon lattice
A 28 % per weight of earths crust (100, 111 orientationONILYY

Indirect Semiconductot Band Structure

FCCiderivativetstructure with L A T A X UK 2 I
2-atom basis \ \
tetrahedral arrangement

3

g

A Measurement performe
using optical excitation an
studying absorption
coefficient resonances

- A Sample of gype, FZ, 1&cm3

mzsl.  dopant concentration

Energy (eV)

SILICON ENERGY GAP (eV)
8

1 L l | |
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TEMPERATURE (K) —

At 0 K theoretical maximum of 1.1701 eV,
drops to 1.1249 eV at 300 K
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Introduction

. Defect generation-energy - G’f
Antro d u Ctl O n Point Defect < 25¢ 30 &V p-type silicon BB, Dyna I‘g /
ClusterDefect < 5lkeV ¢ B | S

Introduction to Lattice Defects

Interstitial (I): The presence of an
out-of-lattice atom at a ¢
certain position
creating strain and

Vacancy (V)Loss of an atom
from normal
lattice structure
leaving a gap

deformation
Four main disruptive mechanisms:

________________________________________ \
: 1. Reduced primary charges induced in substrate / 1/r =fXd The ROSE |
llaboration |
l 2. Acceptor re-introduction rate o Nyt =gax® coflaboration I
_______________________________________ rd
Gain Layer
e

I 3. Reduced active implant through acceptor removal y Ng, = f X Ng,e

Gain reduction larger than
" anticipated from acceptor removal

;4. Reduced mobility within gain layer through trapping

n-type silicon

1 1 | | | | | -
100 200 300 400 500 600 700

Temperature (K)
Defect distribution in the lattice can be

modified following three mechanisms:
V Diffusion
V Annealing

V' Aggregation

T T L fect :
pefett
g-\“ee\'\“ Acceptor removal, Defect Kinetics (simplified © ) CIUSter VS POI nt DefeCtS
En e vacancy o Integrated ' ' Simulations of radiation damage by M. Huhtinen®.
Radiatio \ Substitutional B,C interstitial 1 . . 1 36824 vacancies 4145 vacancies
® | o : : Rad + Sls 2> Sli+ BS > :Bl+ 0-> BiOi g P . s ! AU =
) N K27 | | Sa el
¢ “% {1 oY rnlle® | Y | Rl
‘?‘ (% %i*’ﬁ %i'“' : : . g 44
_ ) K1} ! Gain layer ! Charge ah, 5
© O * [‘f L 9= - r“f} (*@ : de-activation | trapping . il
N o o Interstitial too many 1 Can be engineered e
Face centered Interaction with Interstitial Substitutional B,C . . [ . 0y ]
Cubic Si (2-atom incoming Diffusion Replacement E |nterit|t|aljrf i by oxygen trapping L e
: ! cannot modi !
base) particle y 10 MeV proto)ﬁs(mu) 24 GeV protons .
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Antroduction

Introduction  |ntroduction to Lattice Defects iz
i Defects are not static; several common reeditions exits with defined capture radii angdprobabilities
0
Reaction R (A) Probability Reaction R (A) Probability é %
V4 1-Si 16.0 (fit) 0.956 [+1-1 7.9 (fit) 0.118 o [
- _ V4 VoV, 7.7 (MD) 0.107 [+V,oV 15.8 (fit) 0.934 ~la
Silicon in V4 VoV, 9.9 (fit) 0.226 [+ VioV, (12.4) 0.445 o b
V+0-VO 5.0 0.029 1+ VO-0 8.6 0.149 -
Dark Matter V 4+ VO-V,0 8.4 0.139 [+ V,0-VO0 (5.1) 0.031 | <
V + V,0- V30 5.7 0.043 [+ V:0-V,0 (11.7) 0.374 o
V+P-VP 12.2 0.429 I+ VPP 74 0.093 =
V4ol (15.3) 0.849 [+C,—C 74 0.093 S|z
V +ICC—CC (8.6) 0.149 [+ CC—ICC 14.2 0.673 A %
V +1CO—CO 10.8 0.298 [+ CO—ICO 11.3 0.336 =
Deep Level (1o ol
Transient Dislocation loop in Silicon: TEM Lattice Image -+
S d ! N
Spectrosco T T AR L O
p = LR y i
BTN AL i % &,
| BN N N - Pt Y
EXperlmentaI CUCERRARARE " , projection 1) "§
Setup 7 % T
| @ 3
3 3 SE
2 F No
...... 72 < %
A . 3 = X o
Conclusion T TG = >
ve SRR RNRERANAY z‘\x TEY ?'_*.'t‘:" AN Snm <,
0 icinsisches Sia
mkkq/f&.,tx petfetiler ~1 3\—;,“._« ~Uerzehey Lattice image ({111} planes of Si in <110> projection Q¢
>
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. Exiteg Dark Matter detectionwviariRecoils
AntrO d u Ctl on Sbin re(:iate Ufetjms : arXiv:2002.03525v2 physics.insdet]
aty . 12 . ] .
—— Defect Tools in Phvsi “lime..~?0ns | (i PARACS simulation of 4096 ator
i =8 . .
Nntroauction ertecClts as ooiIs In yS|CS n =1 Excited e i 1eVd 200 eV recoils
The Nitrogen- Vacangy-centerrimDiamond s \ U Estimate defect generation enerc
Zeemaﬂ( .  \ Metastable Defect generation energy vs Nuclear Recoil
Magnetic Field Strain Effect me=0 o e
H D 5‘2 ? g: E HA ms:il / ) -~ §i, Stiller-Weber g
Q_F Te " *v_k strain - Mg=0 Ground % ____________________________________
Zero-splitting tern Starckg. .._I_._l_.:l Ew
(2.87 GHz ~ 0.1eV) Electric Field Excitation (laser pulses) s !
N i _ ] DFT Calculations
u Nltrogen Coupled Wlth Vacancy, 1' m e If the levels of magnetic noise are: ’ 5 % % 7 5o 5 o 175: 250
1 1 low high Recoil Energy [6V]
spin triplet staterl=0> | m=+1>) readout N/ o5 U For Si, highest

[TTTV I I B e ey o8

U Energy transition between exited/ground st ==
. . . . L Emission of NV centers
spin preserving, intermediate transitiens . oowe
spin preserving | T
U Using laser to excite (532@&ngn spin | g /i T\___ -
. > =015 /7 I o
dependent, one can obseHrighe(®37 nm) : 3 /i !
. . . . g0 2 j oo 1 _101E
emission intensity 5 AN

U If external magnetic/electric field or straii | “ 0ol | | om0
alters spin distribution, intensity of emiss 7| & \J o0 s = "
light modified Tk i O Dtk Matter Mo [GoV/c]
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Silicon in
Dark Matter

[Silicon in Dark Matter

What is Dark Matter?
A Dark matter Evidence

Galaxy rotation curves

Galaxy cluster studies

zeV aeV feV

peV neV peV meV eV

A2 3 & 5 & 1 8 9 0 3k i3 13 1k 16
\,0‘!\_()‘1‘\0“\0“n A0 A 401 40 40 40 40 A0 40 TPy ‘\,0 ‘2\0 3\0 ;0 zi() 5\0 1\0 %0 {0 !\0 10 “\“ 10 “.0 i

keV MeV GeV TeV PeV EeV ZeV YeV

Mp,

Mass [g]

AU Rs Rg km m mm pm
aaaaaaa

pHz mHz Hz kHz MHz GHz THz PH

5 % 5o

= @ © o o
chb t
1 1 1
— BHSR Uni
1 Lightest DM mass Bosons I Fermions or bosol | Lee-Weinberg 1
Precinflation | _Post-inflation
QCD axion Sterile v| WIMP

nm pm

Wavelength [m]
fm

AZ Ak A0 0 8 1 6 5
1073030710730 S0 0 o e

pg ng Hg  Me

Mosquitoa

DN%: Ceﬂ

Composite/Macroscopic DM

Gravitational lensing

Bullet cluster observations
Barrion Acoustic oscillations.

T> T> T T I> T T T

Velocity dispersions in binary star bound syste‘ms
|
|

Structures in the CMB angular maps

10721 107® 10715 1072 10° 107® 1072 10°

Axion-like particle | [ Hiddensector DM | | Qeballs |
Ultralight scalar field | \ Gravitino \ WIMPzilla
Dark photon [ Light DM \
Wave-like Particle-like

Ciaran O'Hare

10 10% 10° 102 10% 10'® 102! 10** 10% 10%°

Dark matter mass [eV]

» DM-e scattering

RE, Mardon,Volansky

\ ‘
“f : e =
I ] b
i 1 |
i 100 — 74% Dark Energy - DM-N scattering DM DM;/.)'
g I ] via Migdal effect
5 B T Migdal;Vergados & Ejiri; Bernabei; e Q *
- - - Ibe, Nakano, Shoji, Suzuki e'.(
50 — DM »
-/ 1 * DM scattering w/ oM P
i i collective modes \ c 5 _,DM79
0 - 1 1 1 | 1 1 1 1 | 1 1 1 1 | 4% Atoms (eg optical phonons) O O O O O O O
O' 5 10 15 Knapen, Lin, Pyle, Zurek O O O O » OO OO
R(kpe) ©o0o0 ONe OXe)
31/10/2025 E. L. Gkougkousis 8



Silicon in
Dark Matter

[Silicon in Dark Matter

lonizing vs non -lonizing energy loss

oM o
8

/s

(‘

Knapen Lin, Pyle, Zurek

. DM
e-scattering \
0 (electron recoil) ¢ . =D>
Qf R. E., Mardoriyolanski %
Ty
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= Nuclearscattering
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_@ l< Migdal,Vegadosk Ejiri, *
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0000 =00
O o

L 0O ) U (O <g
—

0
Partitlo/n
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= v Antonella
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= o Agnese
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= —Best-Fit-Model, AZ, £ =1.26
= ---Model AZ, £ =1.46
107! 1 10 10’ 10°
E (keV)
NIEL compared to reference values. /Von‘/b
= . & Q)

Neutrons, Griffin: —— neutrons, priv. ')@,, 2
10%4 Based on —— protons, Summers gy(osng

KERMA(Kinetic Energ )

D(E) /95 MeV mb

100 4

._.
=
18

,_.
)
&

Released in Material)
report’.

10’1 KERMA was generated

from ENDFL IV using
NJOY code, version
91.38.

electrons, Summers
—— protons (fit by M. Huhtinen)
---- neutrons (fit by M. Huhtinen)
e protons measured data

eutrons, Konobeyev: om0
Based on various libraries for
elastic and inelastic scattering
and simulation frameworks®.

High Energy
protons, neutrons:
Derived from fitted
measurements of

various authors*.
Protons, , Summers:

Based on partially analytic
approach and partially on TRIM
simulation?.

102 10

-
o
|

w
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Energy of the incident particle [MeV]
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Mark Matter & Skipper CCDs rcion

Et"?‘::role;s cds 'elding
: : : : o Congy, "OPEr (og, /
Challenges in Direct Detection Experiments Pl Gy Mateggrer e / e
SIMUation. SUre
A Essentially background counting experiments Stions

A Require extremely good modeling of radiogenic / cosmogenic contributions _
A Extremely low expected event rate event rptes 0.3GeVicme & M = 0.7 Gevc—>{430 jparticles//mnt

Silicon in A Inthe 17 10 GeV range, once can approximate mainly with nuclear recoil interactions
Dark Matter A Energy transfer thresholds can be a few (~30) keV
Dark Matter Interaction Endpoint Energy 1) e — : S S 0 L S
100 . . 3 & 10732} DM-e scattering & | DM-e scattering
§ 10‘2:%— Heavy Mediator ~ g 10731E Light Mediator 3
— 107°%F Fom= .| — [ DM=" 2
.E 10735;’ o Direct—Detection 3 ‘§ 10_325_ ol Direct—Detection 3
10l E ig::gr Constraints : t}% 10_33;_ Constraints _ﬂ
g £l | B
& Light DM 2 18_435 ~~~~~ = 107 Fsieltar Cooling - 3
E | 10—44&_" ““““““ | ]0_37;_ and N ‘;(ee?ﬁ"’ q
- o S10¥E T 8
S 0.100¢ [ —— S }g:::ér T S 107}
é E;E;,gﬁ’:f / : ::nrr::nlurn .Jg 10::: :: N zigy ;”r:,,?‘? M;o».‘;}\,“_\\: *5 10,392_ i
Atqm'ic scale / / — Eleckan 1 a ig-sofr I : A 10-40: I I Snowmass2021, aKx
0.010L / -~ Escapa veboiy KE | 10 102 10° 10° 102 01 1 10 10?2 10°
/ AR N . End pt = 2 DM mass [MeV] DM mass [MeV]
e // | Several production scenarios, minimal benchmarks:
0008 6010010 0.10 i 10 100 w al Sl geé .YSRAU Y 2INK W I'A E i T NI
my [GeV] W o -HIAENGG ¢ Y. S RGEFHQD2ANBTANS ST S
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Mark Matter & Skipper CCDs

Skipper CCDs as Dark Matter Detectors

Shift charges in one direction...

...from pixel to pixel =

A Floating gate design with multiple nalestructive reads of
accumulated chargddnesiclet al)

L e == A reduction on readout noise
Silicon in g e A Lorentz X Gaussian dark current distribution with single
Dark Matter B electron centered peaks
Then shift them the other way... ...and measure the amount 2 ani . . . . .
(“Serial Register”) of charge in each pixel! A 15 2pixel size with 4 amplifiers in matrix corners,
) 1k x 6k pixels @ 678m thickness3.3y, 9M.Pixel
e A No direct connection to ground for charge evacuation
g 2000C 3000 skips . = S~
S 1800f- 15us integration time RG e 8 )
;E 16005'— oG E 5‘,
a C SG @
S 1400 vldeo w
* yaof o 2
1ooo§— H1 ﬂoatlng gate Vdram ‘g
800 — 0= 0.07 e- E
= rrﬂ—-f prmmm—y @
o S T | N BN 0 I e
F Clocks are stopped ' .. L o
200:—
0_65 I IO I l I(.‘ﬁ.l':'yI ‘ ‘ I1 I I 11.{5‘ l 2I ‘
Charge [e-]
w wSaz2t dz{A12Vf at 50 skipsi S
w 51 NJ] Odzim&/gixel/ddy o ®n
31/10/2025 E. L. Gkougkousis
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Mark Matter & Skipper CCDs

DAMIC -M Experiment

U DAMIC-M experiment @ Modane
U 208 CCDs, total mass ~ 0.31 kg
i

Silicon in i CCDs @ 130K, 1 kg yr exposure 8 >
Dark Matter - - <.

measure particle ionization with
exquisite spatial resolution

750 pm

= w >
e.f. copper

50 pixels

ancient lead b o
A UM o ¢:>‘\3‘3“5

26 x4CADnmaddesin
centrally wrappetAray

»
¥ |
—II |8 1L I-
5 0 15 20 25 30

Energy measured by pixel [keV]

] 100 200 300 400 S00 G600

columns
~300 dru
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Silicon in
Dark Matter

Mark Matter & Skipper CCDs

arXiv:2503.14617 (2025)

Latest DAMIC -M LBC limits

A DAMIGM prototype detector (1.3 kgR I & 0
hiddensector DM over wide range of stfbeV masses.
Y-thrésBoid id&eft&r teghBolbdyyfard dhe search for DM!

A{ATyAUOL yii

Accepted to:PRL 130, 171003, PRL 132, 101006

~

SEOf dzRSa FT2NJ GKS

UN&A

<1 0% ~1072¢
£ F _ 2 = DAMIC-M, this work E i - = DAMIC-M, this work
2 L Fou=(0 m/q) - - -+ DAMICA) %sz Y90 (QEDar) *-; 10730 : Fom =1 -- - DAMICM, %s wof (QEDark)
10 SENSEI (2025 (2 & SENSEI (2025
: %g?fsf%%{'ﬂm 1 1057 - S g{’ﬂ
- + XENONnT (20125) F - XENON-1TnT (9019,2025)
10—32 o PandaX-4T (2 1 0—32 T PandaX-4T (20
£ - Solar-Reflected D 2 =+ Solar-Reflected D
- 10°33E
10783 "
- 107k
10734 ;_ 107 ;
F “36[
10—35? 10 g Fr 2854,
: 10797k ’
10‘36 E_ 1 0—33 E
5 107
a7 E !
10°7¢ N T e
10—38 Ll 1 1 Lol vl |||3 10—41_|||| L1 111 - 11
1 10 107 10 1 10 107 10°
m, (MeV/c?) m, (MeV/c?)
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https://arxiv.org/abs/2503.14617

Meep Level Transient Spectroscopy

Principle

Measurement cycle at fixed T

[1] reverse bias Vi
« junction under reverse bias
- defect states are not occupied

[2] injection pulse V,

Deep.LeveI « reduction of reverse bias
Transient « injection of majority carriers
Spectroscopy « occupation of defect levels

[3] reverse bias Vi

« junction under reverse bias

« thermal emission of carriers
- expansion of depletion zone
- decrease of capacitance

1 | Quiescent reverse bias (VR)

e 2ssssnsnnss EC

N E
RUA Ev

2 | Majority carrier pulse (Vp)

q a.[.oyooo]o.o.n..n.-.lo EC

LR R L N R E

: n
¥

Ey

'3 | Thermal emission of carriers (VR)

A

P

_,Ev

31/10/2025 E. L. Gkougkousis
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Deep Level
Transient
Spectroscopy

Meep Level Transient Spectroscopy

Principles and Methodology

Measurement cycle at fixed T

[1] reverse bias Vg

« junction under reverse bias
- defect states are not occupied

[2] injection pulse V,

- reduction of reverse bias I ‘[’/
« injection of majority carriers
« occupation of defect levels

e

i

1 ‘Quiescenl reverse bias (VR)

srssssssnne EC

R R RN Et

n

Ev

2 Majority carrier pulse (Vp)

,

E %
Y
DLTS et ([
P . ¢ i TW =200 ms, tp = 100ms y —— 200 kGy | B p=01ms * tp=1ms
= A L“" & 10 250 Oem . /“‘\ ——1 MGy A tp=10ms @ tp=100 ms| 250 Qcm
[= 1 1 i h[ghT CiOi /l \ ——2Mey 2.0x10" T g T T 2.0x10"
'E o . T TTTTToTmTommmmTmmmmmmmmm \ 0 o,
= _H_ I / {i i E 15x107 4 A I 1.5¢10"
= T 0.5 | = 4
= 1ot - , ;
.g B T I E S 1.0x107 4 . — .~ I 1.0x10"2
23 [ .emessessesesemeg Q) @ . \ s I *
£ 21— vooa . :
- E ! ! i Y 5.0x10" o7 s ! - 5.0x10""
e8| ——— il - - - - o1 e |
= I i
£z —|+_ e :~. __ T ; 1.2x10% 7 : ; T - 1.2x10"
:j E ! 1.0{ =200, oms N 1.0x10" A F 1.0x10
s = —I I ] 250 O 1/ \i — ’ /‘
Bl e————————— s mm s - cm ' » 8.0x10" - I 8.0x10'2
7R 1. ' 051 i \ g
2= _l I I //\ & 60x10° o g = 6.0x10"2
= T = TTTTTTTTTmmmmmmmmmmmmmeees g [ lowT 0.0+ Ny S 4ox107 - ] ./ [ 4 oxto
3 L ¥ - E N cioi | g |
ps =] - 5 | 1 12 _J a H M- il L 12
L, i, time AC,, = Cit,)- C(t,) 054 g 1\‘ f — to0ucy 2.0x10 -!‘ 2.0x10
- @ i ———
s || BiOi ivey ' : SAaaans.
10 \ e 0 1 2 1 2
. - . . — : : . dose (MGy) dose (MGy)
Temperature scan while injecting o 10 1m0 w20
T(K)

n

.2-........“ n EC

IR R R AR R RN RN Et
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Meep Level Transient Spectroscopy

Principles and Methodology

Trap emission rates

Emis;\ion rates  Thermal Velocities Activation Energy

QY , Y 0O Y 0 Y Ag Drgry
Capture 6{05 Section  Eftective Concertation
Linearization: ! Slope corresponds to
. @) activation energy
Deep Level | (Q) QY
Transient

Intercept corresponds

Spectroscopy Carrier Capture rates to crosssection

Carrier

Thermal Concentration

Capture rates Capture Velocities
crosssection

Y , Y 0 Y ¢ >
LN

31/10/2025 E. L. Gkougkousis
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Meep Level Transient Spectroscopy

Implementation on Skipper CCDs

U Every CCD readout system needs four components:
» Biasraouiionchip preamplifier biasing
U Clockgeneratidgiming and charge shift for readout
U Singal digitizatiohDC channels for sampling

.s . | '['H’ {{ ‘ i
i Control/ connectjogEPGA / microcontroller S ”"”

DAMIC -M Acquisitiom / Contrioll I\Xlndula ((A(CM))
Issueswith DLUESHICCDRs

Deep.LeveI A No timing inf i . > Get timing iinformation -atithessource
Transient o timing information available by varyingiinjection-pulsedength
Spectroscopy
A Transients inaccessible » Usephaseldisplacementand:scan-over
all available valuesdocompensate
A Pixelized structure »  UsefFourierideconvolutionwith pixel

information deducted by-clock eycle

A Perform regular DLTS matrix scans in fixed intervals and corelate with recorded clusters to
identify new / annealed defect for noise control
A Perform comparative matrix assessment as a handle to increase dark mater sensitivity

31/10/2025 E. L. Gkougkousis 17



Meep Level Transient Spectroscopy

Implementation on Skipper CCDs Lock Clock for
readout
Clocking L L _ Signal line Y s MFIA
— Infrastructure | e " 000
0.0 0.0 0.9 9.
Decoupling Box / MFIA (lockgin
_ HF Relay amplifier mode)
HV line
Deep Level 5
Transient =
o
Spectroscopy Parametric Signa Cryostat (80 K 170 K) §
Generator i
Trigger lines 8
Adjustable Fast control
Triager I . :
Trigger lines fggerInes!  delay Fsggt'c;"('ggllt\ﬂ“agﬁf ﬁath @ =
O

One imeasurescapture-cryosections by leveraging injection andl readout:clock fwith fast:triggering

31/10/2025 E. L. Gkougkousis ‘ 18



A xperimental Setup &Results

DBS0 P@assthiroudh

Opéning

Overview and Current Status

PKR 251 Gaug
Sensor

e o PT-10000
tempetature
probes

4

Sample
attachmentpoint

B | s 3-phase
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Conclusion

AConclusions

A First presentation of concrete defebased method for dark matter detection
A Expected increase in sensitivity and better noise mitigation

A Target implementation at CCD based Dark Matter experiments (DANIGth minimal
hardware intervention

A Exploring synergies with DANAE collaboration under the FINEFEET technology
Implementation

A Current Status

A Initial measurements prove sufficient sensitivity
A Test structures available at high numbers
A Setup implemented with necessary hardware

A Next Steps

A First injection on CCDs though HV line for electronic state pumping
A Implementation of cloclsynchronized lockn amplifier
A 2D mapping of defects of several matrices to verify consistency
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ASilicon Leakage Current Temperature dependence

Origin: Relative position shift of conductionvalence bands

— -

V Temperature dependent electrodattice vV Thermal-related lattice dilatation

interaction . . . U Linearat hi?h tem%eraturesv ;
U 91ldzA gl £t Syu uz2 UKS a. NgogYyATFY FFSOU
in a band structure U Only accounts for 25 % of the
U Accounts for the major contribution to total bandgap variation
the change

. _ U Nontlinear at low temperatures
U Temperature dependence:

30 x 4 for T<¢ & 30O x "Yior T>%
‘ for Si: 645 K (Debye Température)

SILICON ENERGY GAP (eV)

1 | _ | |
50

I |
250 300

%0300 ( Sources of dark current in semiconductors:
TEMPERATURE (K) —

V' Generation current )

V Trap Assisted tunneling (TAPhwler- Nordheim formula
V Field Assisted tunneling (PelBtenkel emission)

< V Impact ionization ( E > 15 Vi)

A Measurement performed using optical excitation and
studying absorption coefficient resonances
A Sample of gype, FZ, 1¥cm3 dopant concentration

NjBz YFF Ft k D5

At 0 K theoretical maximum of 1.1701 eV,
drops to 1.124%vat 300 K - Effects reducing dark current:

k V Recombination
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MSources of Dark Current

Dielectric Anode

f Sources of dark current in semiconductors:

V' Generation current )

V Trap Assisted tunneling (TARP

V Field Assisted tunneling (Peelenkel emission)
< V Impact ionization ( E > 15 V&)

Effects reducing dark current:
\ V Recombination -

A~

| 3D 37 Gkt YFT T NBPHFT Ft k DB

U Field assisted interface emission (Schottky effect)

: 2 B
i Norrlocalized tunnelingRowler- Nordheim formula  JEN = AFinsexp(—F—-)
ins

U Bandto- Band tunneling

Leakage Current scaling TY® YQ

(O 8 p& P T TI31 P '@()’) < . 0] '@g 'QY) (V\? 0 - 9 _)
Y)8 "YQ
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Depletion Voltage estimation <

p-type silicon BB,

B.C

Incident

O
0Qn a WoQE afd» QQ ——, fol¥

66 YR QU 40O 0 pﬁ

G- o)

W

Jd

A Inm!en\ par\lc‘e !IL SI‘ICOH a\om an! crea\e! !acancy (V)

and Interstitial Silicon$i,)

A Si. Propagates and can transform substitutional Boron/Carbon
to B/C, (interstitial),

A B./C. can form several defects, but the most premigemtsin high
resistivir?y silicon is: defects but not

particle amount of active
Si+ B, B, + O HB,0, implant
[ DG, |- Si + G ThC; + OTHCO,
i HePd . o
n-type silicon L — A Since Band C both compete for the sang, if we introduce
L) more Carbon we would expect to from I&6; defects and
moreC.0O,
150 2{;0 350 4(1,0 550 650 760" A If we exchange Boron with a less mobil_e (heavier) atom (Ga),
T then we should also enhanC®, defects instead d&g0,
emperature (K) D i
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