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LSIFFIREDZ . . . First MOSFET(~SOT)
(1926 Lilienfield)
"
First Integrated Circuit
(1958 J. Kirby)

First Planar IC
(1959 R. Noyce) ' §

Ideal IC Structure:SOI
(1998~ IBM..)
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SOIDIT/N\—NEYA: Smart Cut (UNIBOND)

Initial silicon wafers A & B

Wafer B

Oxidation of wafer A to
create insulating layer

Smart Cut 1on implantation
induces formation of an in-depth
weakened layer

Cleaning & bonding wafer A to
the handle substrate, wafer B

Smart Cut - cleavage at the mean T [,
1on penetration depth splits off wafer A B Low-Z

Y > /
\

Hi-Z

Wafer B undergoes annealing, CMP
and touch polish => SOI wafer complete

Split-off wafer A 1s recycled, becoming
the new wafer A or B
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PPII\CIE'C of SOI monolithic detector

\ y _ Me7 2
- The idea:
N \ / P0| i .
S8 U7 Ul tesceimennie | Integration of the pixel detector and
\ S \\‘P readout electronics in the wafer-
- N bonded SOT substrate
@ N
e L NMOS Tr
E : pn junction
l Tt Electronics & Device layer
= Low resistive
partifle track

(9-13 Qcm, CZ)
— = 1.5 um thick
= Standard CMOS technology

Detector = Support layer
= High resistive
(>4 kQem FZ)
= 300 pm thick
= Conventional p*-n
= DC-coupled

W.Kucewicz Vertex 2004 - Villa Vigoni, Menaggio - Como, 13 - 18 September 2004
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Pixel Electronics

ATLAS Pixel
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Figure 6: Layout of the analogue part + slow control of the pixel cell
in FEI. This part 1s 50um high and 90um wide.
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CMOS Image Sensor
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Correlated Double Sampling & Pipelining
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B4k (2):US Pixel R&D(Oregon, Yale...)

HitL 7=Pixel D #& &/ 9 (Sparse Data Scan),
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DEPFET-Principle of Operation

: Potential distribution:

Isource top gate drain

A e . internal Gate

~1pm1

symmetry axis
\\
50 pm

L
7 006

I rear contact P

| [TeSCA-Simulation]

= FET-Transistor integrated in every pixel (first amplification)
= Electrons are collected in ,internal gate” and modulate the transistor-current
* Fully depleted substrate!

Vertex 04, 14.09.2004 -3- Marcel Trimpl, Bonn University @ LAB
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ISIS-based detector e —

o IR ©

LCFI lCCD

for details cf. Chris Damerell’s contribution to LCWS 2004 . ) .
» TESLA: signals of 1000 e” to be amplified & read,;

(session on “Tracking and Vertexing: Simulation Studies”)
so far envisaged 20 readouts / bunch train
RD OD
R » SLC experience:
Signal charge storage T‘|
L) may be impossible due to beam-related RF pickup

- started to investigate alternative architecture:

variant of In-situ Storage Image Sensor (ISIS)

Idea:

+ charge collection on photogate

* in each pixel: linear CCD with 20 elements,

p+ substrate

Depletion region each storing charge collected during 1 time slice,

Particle
trajectory Reflective barriers shifted on at 50 ps intervals

» during 200 ms between bunch trains: transfer of stored signals to local

charge sensing circuits in pixel, column-parallel readout at moderate rate, e.g. 1MHz

Sonja Hillert, University of Oxford Vertex Conference, Como, 14t September 2004 p.-17



CMQOS APS

CMOS Camera
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shared charge collected
between entirely
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Because of large
Capacitance, need
Thick DSSDs
-- APS can be VERY
Thin

(from G. Varner, U of Hawaii)

Particle Standard CMOS:
Detector Low Power
.Particle Excellent Transistors
f ack Tight Process Control
Excellent Uniformity

- - _ High volume, low cost
- ﬁ_ﬂfms't'“ Large ADC, DSP base

hickness

(=10 pra)
Potentia |
initay m

L ow resistivity ,
P** substrate

Key Features:

g collection via
thermal diffusion
(no HV)

NO bump bonding
“System on Chip”
possible




