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See DEPFET Backup Document at www.depfet.org

Introduction of the DEPFET collaboration and MPI Semiconductor Laboratory
DEPFET in a nutshell

Current achievements

Future Plans
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mpi
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7O _
Max-Planck-Society (MPG)
national society for basic research

~80 Max-Planck-Institutes (MPIs)
— ~

MPI for Extraterrestrial Physics MPI for Physics

S —

MPI Semiconductor Laboratory

Halbleite_rlabor

@ The MPI Semiconductor Laboratory (HalbLeiterLabor)

= Founded in 1992, since 2000 at the Siemens Campus in Munich
= ~60 Scientists, Engineers, Technicians, Students .... design, produce, and test ...

= ..silicon detectors (CCD, APS, SiPM..) for experiments in HEP, X-ray astronomy, synchrotron radiation ...
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® Inside the HLL .

mpi ’
- ({halbleiterlabor,

~ 800m? Clean room with a full 150 mm process line,
including mounting, bonding, and test..

Plasma enhanced
Deposition and LPCVD and Diffusion

Sputtering Processes in Furnace

D g
Device Testing 0 g
Zeliz i Wet Chemical
Etching and
Cleaning

]
I very clean (class 10) Wafer Inspection and Lithography
Il cs clean as you get (class 1) Measurement

Rest: medium (class 1.000 - 10.000)

-
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® Internal amplification g,

di U
_Y'p__"p _ .
gq = = > (VGS Vth) (neglecting short channel effects)
dQ L
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L . ] e | =6um v
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L = L - 2 x under etching of 1.2pm_

As long as noise is dominated by r/o chip - S/N linear with g,
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@ Overview: Types and Applications

amplifier

P+ SDur-cE FET gate

X-ray imaging spectroscopy > XEUS

= pixel size: 100um
= r/o time per row: 2.5 us
= Noise: =4 el ENC

deep n-doping
‘interng| gate’

P+ back contact

FET gate it . amplifier
gillfeccinn n+clear

-—

Py Particle tracking > vertex detector at ILC

= pixel size: 24um

= r/o time per row: 25 ns
= Noise: =100 el ENC

= thin detectors: ~50um

™~ deep n-doping
nterngl gate’

DEPFET MacroPixel
X-ray (imaging) spectroscopy
- BepiColombo, SimbolX

= pixel size: 100s of ym
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© DEPFET Array - read-out at the ILC

Drain read out

—

current, clear
DEPFET, read current again - the difference is
the signal

Low power consumption

two different auxiliary ASICs needed

limited frame rate

cap. load at the f/e adds noise

SiD, Phone Meeting November 9, 2007

gate DEPFET- matrix reset
— o I F T T |off
~ 4 N hat (:-_
N Y e i s Il Jeset ol
A AT W | [
e _loff| L3l Tl Al [off | st
~ 4 Al A Al hal ﬁ
s
J T T‘T’ off |
1 al 4/:
\ 4 A 4 \ 4 VCLEARONO

Ladislav Andricek, MPI fiir Physik, HLL



@ ILC VXD baseline design
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Just as a starting point for the R&D!

5 layer, old TESLA layout
10 and 25 cm long ladders read out at the ends
24 micron pixel

design goal 0.1% X, per layer in the sens. region

Strategy to cope with the background:

read ~20 times per train

store data on ladder

transfer the data off ladder in the train pause
-> row rate of 40 MHz

read two rows in parallel, doubles # r/o
channels but:

- row rate 20 MHz ©
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@ ILC Prototype System mpi "
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Gate e S L DEPFET Matrix
Switcher : S el 64X128 piXels, 33 X 23.75m?

Clear
Switcher

v" 2 analog MUX outputs with
Current Readout _ xa : : oB 7 63 G CEe
CUROII — - - ' v’ Can switch up to 25 V

v 0.8um AMS HV technology

v" current based 128 channel readout chip

v' 50 MHz band width in the f/e

v On-chip pedestal subtraction by
switched current technique (CDS)
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@ In Summary: Achievements

Prototype System with DEPFETs (450um), CURO and Switcher

test beam @ CERN:
8100=9%" v' S/N=110 @ 450 um <-> goal S/N = 20-40 @ 50 pm

—8—— S,=20um L=50um, a=4.5um b=8.7um

Resolution, um

| 5ym25um Lesoum, ama sumbes 7um v' sample-clear-sample 320 ns €< goal 50 ns
v s.p.res. 1.3 um @ 450 ym €-> goal & 4 ym @ 50 pm

— A S,=25um L=75um, a=4.6um b=9.4um

10—

[ Thinning technology established, thickness can be adjusted to the
i 3 needs of the experiment (~20 pm ... ~100 ym)

1 Mrad and ~10%2 ny,/cm?
Simulations show that the present DEPFET concept can meet the
challenging requirements at the ILC VXD.

A T S - S S R S
0 2 4 6 8 10
Particle Momentum, GeV

v" Production of 2nd iteration of DEPFETs was finished summer 2007

v" New Switcher3 chips tested and functional
v" New r/o chips DCD designed for read-out of large matrices are under test
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@ The challenge: read-out speed in long ladders!

1. Row wise read-out

row wise CDS with the r/o chips at the short side of the
ladder

Advantage I < —
Low power consumption! 1 -

No advanced interconnection technologies needed

Disadvantage
limited frame rate

3. Combination of those two

= subdivide large arrays into smaller units

high capacitive load (long drain lines) at the input

- smaller cap. load
- more relaxed row rate
» challenging interconnection (>"3D"?)

- find optimum for a specific application

2. Hybrid-pixel-like approach: one amp. per pixel balancing the pros and cons

Advantage
fast! (~ns), frame rate comparable with hybrid pixels

Disadvantage
challenging interconnection between sensor and r/o chip I ___I_ _I__I - _‘I
- ]

high power consumption

under consideration for the ILC VXD

intended for the focal plane at the XFEL
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@ Reasons...

Why SiD VXD layout for the DEPFET?
Main difference is long barrel €- short barrel with endcap

in layers 2..5: 25 cm ladder > 12.5 cm ladder

lower C,,q at the input, relaxed speed requirements in these layers

Why DEPFET for the SiD?

= wafer scale sensors (150 mm) in barrel and discs

= 1 ladder/wafer or V2 or Va disc per wafer, no stiching needed
» thinned all-silicon ladders or discs with or without supporting frames

= DEPFET is an active pixel sensor, first amplification in pixel - good
candidate for 3D integrated detector systems.

Ri»= 14 mm, R, =71mm
= MacroPixels (DEPFET + Drift Detector) could be a natural extension of the

VXD technology into a pixelated tracker...

Potential Issues

insensitive area at the end of the ladder needed for the r/o and data transmitting
ASICs - 3D integration could help here

additional material at the end of barrels (services)

concerning the discs: it is just an idea so far, we need a design study to come to
sound proposal...the layout is pretty tricky!
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@ Possible Areas of Collaboration

~((halbleiterlaboy

7R

v MC studies: short barrels and discs <-> long barrels

v Mechanics and all-silicon VXD: We can certainly make some mechanical samples for the
construction of a mechanical model.

v We started already a project to see the feasibility of the 3D integration approach. Sharing
the experience and results with the group at FNAL could be very helpful.
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@ Backup
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® Thinning Technology ’*r;pl_,, *
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) =

a) oxidation and back side implant
g of top wafer | c) process =» passivation
/ Top Wafer x
-
N bl

Handle <100> Wafer

open backside passivation

— —
; etch stop 3102; / \

~ b) wafer bonding and d) anisotropic deep etching opens "windows
grinding/polishing of top wafer in handle wafer

New: 150mm @ wafers!
New:  Wafer bonding and thinning in industry
New:  Compatibility with the main production line tested

So far: mechanical samples & test structures on SOI wafers

Plans 2007: production of thin (50, 100, and 150 um) ATLAS
pixel sensors for sLHC upgrade
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@ PiN Diodes on thin Silicon | mpi
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@ Thinning : mechanical samples ol
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® Simulation: LDC Geometry description

 —

T Y Sensitive layer thickness = 50 pm
Pixel size = 25%25 pum?

.,,’ / ) o ]
‘ ‘-:I_- | ¥, | |/__\\ l"‘x‘.] ‘ |
e

F

¥l L /Gl - LDC ladders with support frames

X

Cchips chips Lo

3 Upper wafer — == :
i TAVEZEE Y
= Lower wafer support frame

Material up to first layer : beam pipe (500 pm beryllium)
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® MC Studies s
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