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n-active edge

4 & 56 *355/, 72

(4  89*3555,3778
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(4  82*7003, 7806
% + 9% (8/28*7007, 96
(41 8 : 700 7)79
4 & 605 *700,29)53

4 & 678 *7008, 7 9)788

4 & 685*7006, 377

4 & 690 *7009, 37/
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Electron and holes combine
Solve Poisson eq.

2OSi

INett [= INp N4

Incident
particle

metalized
contacts

n-p type substrate




MANCHESTER
# B from V. Radeka 1824

S. Ramo, Proc. IRE 27 (1939) 584
From H Spieler, lecture notes (99),

The induced current on electrode A is

where Vg1l is the “weighting potential”’ that describes the coupling
of a charge at any position to electrode A.

After trapping:

S () ()

Weighting Potential

mEt= t=1

Weight depends on pitch to thickness ratio

n-Strip Signal, n-Bulk Strip Detector

Vdep= 60V, Vb= 90V
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Note that the electric field and the weighting field are distinctly different.

- The electric field determines the charge trajectory and velocity

- The weighting field depends only on geometry and determines how charge motion
couples to a specific electrode.

- Only in 2-electrode configurations are the electric field and the

weighting field of the same form.

Signal Current [pA]

Signal contribution

Time [ns]
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Measurements
Performed using the
ATLAS FE-I3

Mean  1.546e+004 Readout chip
. and the TurboDag system
ATLAS Pixel Module Sigma 8385 (developed in Bonn)

TOT-spectrum |
30

planar Constant 1.348e+ 006

-

I l I

Measurements by
A. La Rosa CERN

r B. Now UniGe!
2000 4000 GO0 8OO0 10007 12000 14000 10000 10040 20080 22000 24080

Charms fraw Tal (o)

241 Am

Type Energy

| TOT-spectrum chip 0 | 3D

ooees| > Stanford 3D (3EG)

200 -

5.485

Alpha () MeV

“
-
)
«
@
o
S
5}
p
o
P

o
N
L
Q
c
)
=
®
7
=
©
8
n
o)
Q
®
@

<
3}
c
©
p=

c

)

5.443

Alpha () MeV

30200 : Beta () 52 keV
S0L00 :

Cinzia Da Via

Gamma

_ - 59.5 keV
10000 = _ _ ()

’i"‘. ey g - - - s oy s s n n ey Y - ez 26.3 keV
VTR0 T 40N ES00 300 TG00 TAN00 14000 15500 TES0N NA0S 2108 @) :
Charge from ToT (e}

Gamma

13.9 keV
()




002

004

Short collection distance 006

High average e-field at low V¢ 008

Parallel charge collection | NON IRRADIATED

DaVia et gl March 06
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Simulabion of Detector Current Pulse

Simulation using MEDICI by
J.Segal
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WAFER BONDING
(mechanical stability)
Si-OH + HO-Si -> Si-O-Si + H,0

DEEP REACTIVE

ION ETCHING (STS)
(electrodes definition)
Bosh process

SiF, (gas) +C,Fg (teflon)

DETECTOR WAFER

SUPPORT WAFER

|

Eare
"

$

LOW PRESSURE
CHEMICAL VAPOR
DEPOSITION

(Electrodes filling with
conformal doped polysilicon
SiH4 at ~620C)

2P,0O; +5 Si-> 4P + 5 SiO,
2B,0; +3Si -> 4 B +3 SiO,

METAL DEPOSITION

Shorting electrodes of the same type
with Al for strip electronics readout
or deposit metal for bump-bonding
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110:1 Aspect ratio of
sub micron trenches ‘
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M. Puech. ALCATEL

Open area (%)

Etching rate depends on exposed area
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s 5mm

Fabricated at Stanford, J. Hasi (Manchester PhD thesis)



At 15°

Old
Sta
nfor

3E

01081-102 3E




A TRENCH IS ETCHED AND DOPED
TO TERMINATE THE E-FIELD LINES

AFTER THE FULL PROCESS IS
COMPLETED THE

MATERIAL SURROUNDING

THE DETECTORS IS ETCHED
AWAY AND THE SUPPORT
WAFER REMOVED : NO SAWING
NEEDED!!

(NO CHIPS, NO CRACKS)

\d

Active edge response /

R —

f

TOTEM detectors
3x4cm? 512 nstrips
H. Niewiadomski

PhD thesis
Manchester 2009
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P. Hansson et al. Nuclear Instruments and Methods in Physics Research A 628 (2011) 216-220
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Signal Efficiency [%]

Signal EﬁlClency (prop 1/L IES) Signal charge (substrate thick. D)
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& LCO 703

— 14 Staves,

— 14 FE chips/stave
— For 3D single chips
— (224 to build 25%)

— For planar double
chips (448 to build
75%)

Very tight clearance:

— “Hermetic” to straight tracks in
(1.8° overlap)

— No overlap in Z: minimize gap
between sensor active area.

Layout parameters:

— IBL envelope: 9 mm in R
- <R>=33 mm.

—  Z =60 cm (active length).
- = 2.5 coverage.

)38
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Design by GF Dalla Betta, C. Kenney, A. Kok, G Pellegrini
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Manchester, Oslo,
SLAC, Prague, Purdue
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Status 3D, UniGE , 2" November 2011

Cinzia Da Via , Uni. Manchester.

Detection
Efficiency

~5%

Neutron or x-ray beam

—

Square pores, 10B (80% enrichment), walls 5 mm

~
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10 —+density 1.00 g/cm3
= density 1.40 g/cm3
5 —+— density 1.80 g/cm3
— density 2.20 glem3
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Pore size [ mm]

< #19R

Neutron or x-ray beam

Converting medium

Cylinder pores, 10B (80% enrichment), walls 5 nm
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Pseudomonas diminuta
phosphotriesterase: This
enzyme catalyzes the
hydrolysis of
organophosphorus pesticides
and nerve agents. Its crystal
structure is being studied by
Hazel Holden’s research group
at the University of Wisconsin,
Madison (see PDB file 1DPM).
Purple atoms: zinc

Red: bound water

Yellow: side chains

1.8 A resolution map,

Present detectors:
CCDs. Time resolution ms

Needs faster
detection for
protein folding
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; High speed — microsecond
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Bump bond to pixel readout
electronics




(LET or Lineal Energy) which is
different for different radiation type.

~10mMn

Silicon
ndosimeter

Dose distribution d(y)
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Cinzia Da Via , Uni. Manchester. Status 3D, UniGE , 2"d November 2011

*Key to technology:

Am-241 photon spectrum taken with a fully depleted
curved pixel detector, half-pipe (1.73 keV FWHM at
59.54 eV).

Bernard F. Phlips, Member, IEEE, and Marc Christophersen
Presented at IEEE-NSS 2008, Dresden Germany

Principle of gray-tone technology: The 3-D resist profile, a) and
c), is directly transferred into silicon topography, b) and d).

Top-view optical micrograph of a pixel array
on a curved detector(pixel dimensions 150 x 150 m).
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Operational Voltage [V]
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Signal Efficiency [%]
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P. Hansson et al. Nuclear Instruments and Methods in
Physics Research A 628 (2011) 216—220
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Also started to fabricate 3D on diamond substrates
(with A. Oh, Manchester, H Kagan Ohio )






