MOTIVATION FOR RADHARD SENSORS

[BE YOKEendcap
BeamCal
L CAL 30 layers of
R (et i — ettt s et W / CVD diamond (?)
5 < ANGLE < 28 mrad
E [GeV/cm?]
z =+ 355¢m; N = 47400 E = 9764 GeV 103
==
Ri= 60 R,= 80 R.- 20 102
LCAL RL= 350 mm LHCAL R;= 290 mm BCAL R 100 mm o
7,= 2270 mm zy= 2500 mm z,= 3550 mm
2z= 2470 mm 7= 2950 mm Z;= 3750 mm
Energy deposition from beamstrahlung "
pairs in BeamCal: 10—

Dose of up to 10 MGy/a  s——————=—a "
==1Grad



potential candidates?

= Silicon (various type, Cz, Dofz, MCz,EPI)
= Silicon Carbide

= Diamond

s GaAs

Look for best performances in terms of :
- Signal yield

- stability , long-term behavior

- charge collection efficiency

- charge collection distance

- radiation hardness

-Easy industrial procurement

- budget



Status des matériaux durcis candidats

Property Si Diamond Diamond 4H SIC

Material Quality Cz FZ, epi | Polycrystalline | single crystal epitaxial

Eq[eV] 1.12 55 55 3.3

Ebreakdown [V/CM] 3.10° 10’ 10’ 2.2.10°

le [cm*/V ] 1450 1800 >1800 800

un [cm*/V] 450 1200 >1200 115

Vsat [CM/S] 0.8:10' 2.2.10’ 2.2.10° 2-10'

Z 14 6 6 14/6

€ 11.9 5.7 5.7 9.7

e-h energy [eV] 3.6 13 13 7.6

Density [g/cm3] 2.33 3.515 3.515 3.22

Displacem. [eV] 13-20 43 43 25

e-h/um for mips 89 36 36 55

Max initial ccd [um] >500 280 550 40 (= thickness)

Max wafer ¢ tested 6” 6” 6mm 2"

Producer Several Element-Six Element-Six Cree-Alenia, IKZ

Max f luencelcm™] |7x10™ 24GeV | 2x10™n, x, p Not reported 10™°in progress
P

CERN R&Ds RD50, RD39 RD42 RD42 RD50




Material Sensors

Property Diamand GaN 4H SIC S

E, [eV] 55 339 | B2®.. 112 | |

Ebresiaown [ V/CM] 10’ 410° | 22:10° | 3710*--|.=  Zone interdite

U [cMPIVS] 1800 1000 800 1450 barc‘%%?z n(fa?’ee;eite lus

2 =

n [CMT/VS] 12007 30 1157 450 — faible que le silicium

Ve [CTV/S] 2.2.10 i 2.10° | 0.8:10

Z 6 31/7 14/6 14 o %i_gnal: 1 366/
iaman e/um

o - > 00 Of | M9 | sic 51e/pum

e-h energy [eV 13 8.9 7.6-8.2)1""36 Si 89e/um

DenSIty [g/CITB 3.515 6.15 ?27 2.33 — Plus de charges que

Displacem. [eV] 43 >15 25 13-20 | le diamand

A

R& D on diamond detectors:
RD42 — Collaboration
http://cern.ch/rd42/
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Recent review: PJ.Sdlin and J.Vaitkus on behalf of RD50 “New
materials for radiation hard semiconductor detectors’

Seuil de déplacement
. Pplus elevé que pour le Si
- Meilleure tenue aux

radiation que le Si




‘Systematic name Gallium arsenide

EMDIecuIarﬂerula GaAs

éhﬂnlarmass 144 645 gimal

Eﬁppearance Gray cuhbic crystals

;iZ:AB nurmhber [1303-00-0]

AsGa SMILES Gadhs

i Physical Properties

gDensit'g.f and phase .31 76 gfcm®, solid.

EEEIH_ItIi”’[‘[.I' in water = 0.1 ghlooml (20°C)

Ehﬂelting point 12389 {1511 k3

éEIDiIing point P KD
Electronic Properties

éEIand dap at 300 kK 1.424 ¥

gEIectrnn effective mass 0.067 m,

iLight hole effective mass  0.082m,
EHeaw hole effective mass  0.45m,
gEIectrnn rmobility at 300 K 9200 cmd-s)
EHDlE rriokility st 300 K 400 cro@iy.-s)

Structure
= /,/ - ' Molecular shape Linear
A R Crystal structure Zinc Blende




Dommages dds a l'irradiation des Senseurs au Si

Deux types de dommages aux irradiations aux matériaux des détecteurs

e dommages substrat Bulk (Crystal) dus a perte d’énergie non ionisante (niew)
Non lonizing Energy Loss (I1EL)

- déplacements , défauts dans le crystal ....

l. Changement de la concentration effective du dopage (tension de
désertion plus élevée, sous-desertion)

1. Augmentation du courant de fuite (augmentation du bruit de
grenaille, bruits thermiques..)

1. Augmentation du taux de piégeage de porteurs de charge (perte de
charges)

e dommages de Surface das a la perte d’énergie ionisante ionizing Energy Loss (IEL)

- accumulation de charges positives dans oxide (SiO,) et entre interface
Si/SiOo,
- affecte: capacités interpistes (bruit ), claquages, ...

Ceci a un impact direct sur la performance et I'efficacité de collection de
charge

=» conséguence sur le rapport signal/bruit !



| rradiations séver es
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[Data from R. Wunstorf 92]
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) . Atome trivalent en position interstitielle dans un
eristal de silicium.

— Schéma d'énergic dun solide cristallin de type P.
N

10 ‘ ‘
¢ ntypeFZ-7to25KQcm o
o[ = ntype FZ - 7KQcm 7"
— 107} & n-type FZ - 4 KQcm E
C?E N n-type FZ - 3KQcm
(\) 10_3 = ptypeEPI - 2and 4 KQem
<
4 n-type FZ - 780 Qcm
> 107} ntypeFZ - 410Qcm |
= n-type FZ - 130 Qcm
<] 10-5 | ntypeFZ - 110Qcm |
n-type CZ - 140 Qcm
* p-type EPI - 380 Qcm
10° ‘ ‘ ‘
1011 1012 1013 1014 1015
(I)eq [Cm_z] [M.Moll FhD Thesi§

Courants de fuites



Char ge collection efficiency

partial depletion

Limitations w=p .- deep trapping levels

type inversion

Charge collected: Q = Qo : gdep . 8trap
d T
Egy = — _ z
W = € % 05
1/, 4, INCrease with fluence : ;%' 04l
Krasel et a. (RD50) o |
£ 03
W: total thickness £ o2
d: active thickness g o1l
7. Collection time s |
=

T, : trapping time

T T T T T T
24 GeV/c proton irradiation

e datafor dectrons
o datafor holes $

[M.Moll; Data: O.Krasel, PhD thesis 2004, Uni Dortrmund]

O . | . | . .Mov\ . | .
0 210* 410"* 610“ 810 10

particle fluence - @, [cm?]



250 keV
FPrebuncher Chopper/Prear:celerator

)

To Experimental
Hall —_—

Experimental
gy Injector

/ \ To Optics Lab
1st Recirculation Undulator Optical Covity 2nd Recirculation

2 m

Superconducting DArmstadt LINear ACcelerator
Institut fur Kernphysik, TU Darmstadt

Using the injector line of the S-DALINAC:
10 £ 0.015 MeV and possible beam currents from 1nA to 50pA



Beam current

« Tuned the beam to currents in the Faraday
cup of:

¢ 10 20 S50 46 100 hA
 This corresponds to dose rates of:
« 59, 118, 295 and 590 kGy/h
 Dose controlled by beam current
Error assumed — 10%

60—
50— IR A s
40—

30— )

current (nA)

20— il

10—

0— b
| I | I I |

1 1 1 1 1 1 1
14-06 09:40:00 14-06 09:50:00 14-06 10:00:00

time (sec)



Beam exit window

Sensor box
L(HV)

Collimator

(ICoII)

Faraday cup
(IFC : TFC)

11



Investigate:

J diamond

e samples from E6 (pCVD)
1 MGy

l 5 MGy
_+ samples from IAF Freiburg
1 MGy (pCVD)
> MGy
 Si
esamples (Micron Ltd. UK)

IAF fraunhofer, Freiburg
E6 Element six

12



measurement:

Source (Sr 90)

collimator
Sensor box

& preamp
Trigger box

Gl 500
Maan 4288
RMS 1364
* | nat 57431613
ZSr— ) 32261 153
N Bl 3638 2.0

B 52

aT16 ) T7.4
6255 334

13



i programme

= S/N

= S/N for high irradiation doses

= Comparison between different sensors
= Power dissipation

= Longterm behavior I(t)

= Electronics : Asic study (next step)




{ BeamCal electronics operation

Variable Gain
Charge Amplifier
(one per channel)

10-bit
Pulse i
\f\o_l I_ e successive Readout

a%prommahon Column

(one per channel) ADC o
'#\9_”_' Track&Hold Amp. (one per channel) B eliEl L ety B e e

(one per channel) {one per channel)

I K ™ [T T ¥T 1

9 |92 |eee]| Qia| G | Dit|see| Gn

clk | | l l l | Science
L Readout
Fast Feedback 8-bit low-latency ADC

Silicon
Detector

Calibration Analog Adder (one per IC)

Signal

Generator _ Z .
Diagnostics
Readout

Signals from
other channels

Dual-gain front-end electronics: charge amplifier, pulse shaper and T/H circuit
Successive approximation ADC, one per channel

Digital memory, 2820 (10 bits + parity) words per channel

Analog addition of 32 channel outputs for fast feedback; low-latency ADC






Why thin detectors ?

| Charge vs fluence

N
o1

N
o

Charge (ke)

15

10

® 250 u m thick sensor

v 150 u m thick sensor -

m 50 u m thick sensor

O_ 1 | | | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10

e Simulation

15
Fluence (10 neq/cm’\Z)




12000F ] F [ spectrum j
2) _ —fit 4
+> 10000
ape - . . qC) | —— Deconvoluted
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S 6000 | { Gaussian noise 425e |
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2000 -
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S' ¢ =15 mm Si-face 2000 0 2000 4000 6000 8000 10000 12000 14000
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2500 _ . . .
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Data from F. Nava, S. Sciortino, M. Bruzzi et al.,

IEEE Trans. Nucl. Sci, (2004)




Silicium épitaxial

Utilisation de détecteur s fins (50-100 um) avec une basseresistivité

—+

épitaxiale Si 50um, 50Qcm on CZ Si

200 L ' 'CERN-Szenario, 24 GeV/c Protonen|
°® # EPI <111> 50 Qcm, 50 um
(Okt. 2002, 24 GeV
600 |- ® » DOFZ <111> 1-6 kQcm, 300 um
I e StFZ <111> 1-6 kQcm, 300 um -
500 + . -
E 400 - . ’ -------- EPI <111> 50 Qcm, 50um |
> (Jul.2003, 20 GeV/c)
30 .
S e :
200 1 «— 160V
»
120 V — r . - m w0
100 iﬁh--i—-a}"a}---i--@ --------- L R .
o
0 N 1 N 1 N 1 N 1 N
0 5 10 15 20 25
@, [10™cm?] Data From G.Lindstrom et al.

ITME Varsovie



Pixels Hybrides

Hyhrid Pixels Sensors: Détecteur soudé sur son électronique

Détecteur: Silicium de haute résistivité

systeme: Silicium + "électronique” au dessus du détecteur

Micro-Soudure par billes dIndium ou SnPb

pixels 100 um, résolution ~15 um

Résolution:
102 n,,/em? 60 Mrad @ -6°C

Trées bonne tenue aux radiations:

by RS _

S
S
S
®

il Courtesy
1M, Berlin

CHIP CONTACTS

SIGNAL OUT
—-

, bumps: 50 pm pitch
PbSn or In

6-20 pm high




Silicium sur Oxyde : une voie d’avenir ?

Avantages :
cMOS readout  ~MONOlIthique o
15, ’® _electronics -epaisseur totale reduite
1.0 um$ -évite les problemes de
bondings
400 um ‘ sensitive (réduit la capa, le bruit..)
substrate
Rl
' n- substrate | . difusion

backside contact

A condition de :
Réduire I’épaisseur du substrat

-incorporer une électronique discriminante et amplificatrice
(aller dans le sens la techno 130 nm ou plus ?)




ohmic n—side




\/artical Qeala Inta
V Ul CIWVUAL VULl W | | | & &

aratinn (RN
b JH =S = \Y+~)
|

L e principe : empilement de couches fines dotées de

" fonctionnalités spécifiques et indépendantes pouvant
~ €étre congues en technos variées.

opittes 1o 7 Optical Out

Power In / Opto Electronics
/ and/or Voltage Regulation

/ Digital Layer T
Analog Layer

Physicist's Dream

4 Mb SRAM with
30 million transistors

Avantages: ST A
Réduction deR,L, C 2D Routing (large chip) 3D Routing (small chi
Moins de pad entrées/sorties sur lespuces (I/0O pads)
Réduction des consommations et des diaphonies
Augmentation desfonctionnalités (signal/br uit)

Remarque : industry diyg "



Key Technologies

Via using
SEM of 3 vias oxide etch
using Bosch process
process8 (Lincoln

Labs)

Typical diameters are 1-2 microns



RTI 3D Infrared Focal Plane Array

' . Diodes
2_6x256arraywith30um/ Ny <_

gCdTe (sensor) /
= 0.25 um CMOS (analog
= 0.18 um CMOS (digita
= Die to wafer stacking
= Polymer adhesive bonding

= Bosch process vias (4 um)
with insulated side walls

= 99.98% good pixels Analog Digital

Analog Components Digital

= High diode fill factor Components

Synchronous Charge CLK
VCHG Removal
1 ! l

Control

ni a
Logic
CTIA
ouT
+
+ N Bit
- ipple
/ el

:F:’

VTRP—] ~

by Analog Residual
Output




det 3D -

<’D~
<‘D
w

(.

Bords actifs, peu de zones mortes (sensitibilité aux bords < 10um
courte distance de collection _ % 2
Vo - 2¢¢ ‘Neﬁ ‘d

leti
V depletion petit (—10V speen

rapide collection de charges(1l -2 ns
épaisseur reste a 300 pm (signal)
Durcissement aux radiations

+ \MIP
p

depletion i

eS.1. Parker C.J. Kenney and J. Segal, NIMA 395 (1997) 328

. _ electrodes 3D are currently processed at the Stanford
n-active edge Nanofabrication Facility






