The DEPFET Active Pixel Sensor as Vertex
Detector for the ILC

«ePFe,  DEPFET collaboration:

Maxf':',;',gl;(l\;ﬂk?fnesfﬁtut ' 5 Bonn, Mannheim, MPI, Aachen, Prague, Karlsruhe, Valencia,
orPhysics,  Zopemee® (LBNL)
= ILC Vertex Detector
= MPI Semiconductor Laboratory
= DEPFET Principle
» Performance
= Radiation Hardness
= Matrix Operation
= Support ASICs
» Testbeam results
* Module Concept
Research = Power Consumption
tesc ::]ii?]gfs = Simulation Studies
Fermilab = Conclusions
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The Linear Collider Project

33 km

|

linear accelerator linear accelerator
e < : -
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experiments

electron

; _ positron
positron pre sources

accelerator source

200 GeV < Vs <500 GeV (possibility of upgrade to 1 TeV)
Integrated luminosity ~ 500 fb-' in 4 years
Start in 2015 ?

Needs an excellent vertex detector: b- and c- tacking, Vertex charge
reconstruction

Impact parameter resolution: 5 pm +2 10 pm/(p sin?3@) (p in GeV/c)
> needs small pixels (~25 x 25 pm?)

> minimal scattering material: ~0.1% X,/layer (=100 um silicon!)



Linear Collider Vertex Detector

ILC time structure:

2820 bunches spaced by 337 ns

H.-G. Moser )
Max-Planck-Institut 199 ms between trains (1/200 duty cycle)
for Physics,
Munich 950 ps i} 199 ms L 950 us

2820 bunches

Background (Beamstrahlung):
140,000 e+e- pairs/BX
0.03 hits/mm?/BX (at R=15mm, B=4T)
Bunch train: (x 2820) => 85 hits/mm?/BT

At least 20 readout cycles/BT to keep occupancy low

Research Need 50 MHz line rate for pixel matrix readout
techniques
seminar Radiation: 100krad in 5 years (at 15 mm radius)
Fermilab
June 6 2006



Three Detector Concepts

SiD LDC GLD
: med. radius, med. B field

: large radius, low B field

: small radius, high B field

H.-G. Moser f K ,
Max-Planck-Institut = 1€W track meas. points

fon;vI Phys:lcs, with high res. (Si) with med. res. (TPC) with med. res. (TPC)
unic

: many track meas. points

: many track meas. points

: Si-W Calorimetry
VTXir,,=1.5¢cm

: Sci.-W Calorimetry
VTXir,,.=1.7cm

: Si-W Calorimetry
:VTIXir,,=1.4cm
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Pixel Vertex Detector at the ILC

* pixel size: 20-30 pm

* low mass: 0.1 %Xo per layer

* close to IP, r =15 mm (1st layer)
(26, 37, 48, 59 mm) :

* 20 ns/row read out time _ g

* 5 barrels — stand alone tracking g

Cos 6 =0.96

—; =
=
g

i Ladders
—
Barrel 1 Barrel 2-5
L=100mm L=250mm
Gasket seal
Beam-Pipe

Stripline

Eﬁg rga(?erl\;:i?%age il
1st layer module: 100x13 mm?, 2nd-5th layer : 125x22 mm? = ¥120 modules

Several Sensor Concepts: CCDs, MAPs, SOI, DEPFETs



MPI Semiconductor Laboratory
(Halbleiterlabor: HLL)

Common project of the:

Max-Planck-Institut fuer Physik (Werner Heisenberg Institut), Munich

H.-G. Moser

Max-Planck-Institut . . . .
for Physics, Max-Planck-Institut fuer extraterrestrische Physik, Garching

Munich

Founded in 1992, since 2000 located in the Siemens plant in Neu-Perlach,

Munich
- | “_Halbleiterlabor

llllll

Research %
techniques @

seminar SRS . - = g
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MPI fur Physik Projects
(Werner-Heisenberg-Institut fur Physik)

ILC, start

Fermilab =
June 6 2006 operational todate




project bound

contract(s):

PNSenser « —

projects

Max-Planck-Society (MPG)

national society for basic research

N

<«— contfract: exclusive

~ 80 Max-Planck-Institutes (MPIs)

l l

commercialization of devices

MPT for
Extraterrestrial Physics

MPT for
Physics

\4

common research \ /

assistance

servicing

MPI Semiconductor
Laboratory (MPI-HLL)

detectors for physics experiments

high energy physics
X-ray astronomy
synchrotron experiments

medium energy physics

PNSenser




Complete Design and Manufacturing Chain

» Facilities for Layout and Simulation of Semiconductor Devices

» Production of Silicon Detectors

H.-G. Moser
Max-Planck-Institut

for Physics,  » Mounting and Tests

Munich
» Special Features:
» Processing of ultra-pure silicon wafers ( 1012 impurites/cm3)
» Double sided wafer processing
» Wafer scale detectors (up to 50 cm? area)
Research
techniques
seminar
Fermilab
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800 m* cleanroom up to class 1 ...

HLL Facilities

test & qualification

simulation, layout & data analysis



Inside the HLL

Bonding

m Steps

]
I very clean (class 10)
Il as clean as you get (class 1)

Plasma enhanced
Deposition and LPCVD and Diffusion

Sputtering Processes in Furnace

Wet Chemical
Etching and
Cleaning

Wafer Inspection and
Measurement

Lithography

—— medium clean (class 1.000 - 10.000)



Oxidation

During ,,thermal oxidation“, the

H.-G. Moser \afer surface ist transformed from
Max-Planck-Institut __ . .
for Physics, Sito SIOZ.
Munich
Oxidation takes place in a furnace
@ 1050 °C in a pure O, athmosphere.
* The highest temperature of all
process steps
* SiO, provides passivation for
further steps
=> the most important step for final
leakage current level.
Research
techniques
seminar
Fermilab
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Lithography

Wafers are covered with photoresist, exposed to UV-light and developed.

Projection of wafer

H.-G. Moser _ o
Max-Planck-Institutmask in proximity
for Physics, .
Munen  distance (15ym).
Minimum feature size
(3um) is set by
diffraction effects.
Direct writing of design
data:
A focused UV laser
beam is scanned with
acusto-optic modulators.
Minimum feature size
R h .
te:ﬁr‘:’iz'[fes (1,5um) given by spot

seminar diameter.

Fermilab
June 6 2006



Structuring of deposited layers

_ , Wet chemical etching (opposite to plasma
Transfer of lithographic pattern _ _ o
etching) avoids radiation damage, but:
=> |sotropic etching sets a limit for small
structures

H.-G. Moser
Max-Planck-Institut
for Physics,
Munich

Layer Photoresist

Thickness D (+ 25% overetch)

Research
techniques : | o . .
semi(;l\ar Oxide etched, photoresist removed I Minimum pitch = Top+2,5 D+LI
Fermilab
June 6 2006




Deposition of :

- Silicon oxide (LTO) (from SiH,+O, @ 400 °C)

H.-G. Moser  _gjjicon nitride (from SiH,Cl,+NH, @ 730 °C)
Max-Planck-Institut

for Physics,  _ i sylation layers
Munich
by Low Pressure Chemical Vapor Deposition
Polysilicon deposited by LPCVD (SiH, @ 570°C)
-conductivite (after lon implant)
-structured polysilicon can be oxidised and forms a
dense self-aligned insulation layer.
Aluminium deposited by plasma sputtering off a high
purity target.
Double poly and double metal processes available
Research
techniques
seminar
Fermilab

June 6 2006



Quality control

. Extensive Inspection by optical microscopy
. Measurement of layer thickness by ellipsometry and stylus-profilers

Max Piancimatitut Particle detection on deposited layers by light scattering

for Physics, o . !
Munich i i 1 b 4 I " —
1l IE R |
Done externally:
REM, AFM,
Research VPD’ SIMS,
techniques -
seminar chemical
Fermilab anaIYSis
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Focusing lens

Window ___
Water chanmber

Nozzle

Workpiece

Principle of Water guided Laserbeam

75 um wide Scribeline on diced wafey.

Laserbeam can cut any shape

ssssssgEady

Bonded chip (4 rows staggere(
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From Design to Reality

Layout of a DEPFET Active Pixel Sensor Cell
& same cell after processing

APS mask design (single cell)

" e ‘

APS cell finished
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n-Si bulk
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Research [ \

techniques
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The DEPFET active pixel sensor

Depleted Field EffectTransistor

Charge generated in fully
depleted bulk

Fast charge collection by drift
underneath the transistor
channel

Modulates the transistor current
(350 pAle for ILC layout)

Combined function of sensor and
amplifier

Low capacitance and low noise
(10-20 fC)

Signal charge remains
undisturbed by readout

Internal storage

Complete clearing of signal
charge

No reset noise
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Matrix operation

gate DEPFET- matrix reset
—o\+ off :S— :f— :E_ :f— off ‘/._
[ S i I B B
= T= I R R R I RASEL
R R R N R
nxm
pixel
=\ off :'!_—T_ :j_ :"_—T_ :'I_—T_ off /=
! 4 1 7l A
A\ 4 A 4 A\ 4 A 4
® ° VGATE, ON IDRAIN O‘,
ATE, OFF

\/ \/ \/ drain v Vv VCLEAR, F

CLEAR-Control
0 suppression

|
output I I I

o Charge collection in "OFF" state of the transistor

o Select one row via external gates and measure pedestal + signal current
o0 Reset that row and measure pedestal currents .....

Only one single row active at a time and dissipating power
However, sensor is sensitive even if DEPFET is OFF!



PXD4 - DEPFET: Two projects on one wafer

ILC XEUS
purpose particle tracking imaging spectroscopy
H.-G. Moser
Max-Planck-Institut sensor size 1.3x10cm?, 2.2 x 12.5 cm? 7.68 x 7.68 cm?
for Physics,
Munich pixel size 25 uym 75 um
sensor thickness 50 ym 300 ... 500 ym
noise ~ 100 el. ENC 4 el. ENC
Readout time per row 20 ns 2.5 us
5‘;‘ I T Schnitt quer zur Kanalrichtung *] ‘ Source - DEE'MOS-Gate - mm
Research
techniques —— 77—
Semlnar 1 2 3 4 5 6 7 B8 9 10 11 5 6 7 B 9 10 11 1z 13 14 15
Jilab Double metal, double poly process

June 6 2006



The XEUS mission (2015)

Mission concept:

H.-G. Moser X-ray telescope consisting of two satelites,
Max-Planck-Institut mirror (MSC) and detector (DSC) spacecraft
for Physics, Formation flight; active control of focal length
Munich with 1 mm3 accuracy

Replacement of DSC possible

Increase of mirror surface from 6 m2 to 30 m2 possible
Total mission lifetime ca. 25 yrs.

2 mirror technologies in discussion: Slumped glass / ESA
high precision pore optics

Parameter Specification (goal)
Energy range 0.05 -30 keV
Telescope focal length 50m
Mirror area 6 m? (MSC 1) 30 m? (MSC 2)
Fields of view 5" (WFI) 1 (NFI)
Energy resolution @ C-Ka 50 eV (WFI), 2 eV (NFI)
Research
techniques Energy resolution @ Mn-Ka 125 eV (WFI), 5 eV (NFI)
seminar
Fermilab
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Lab Measurements

transconductance of the internal gate

H.-G. Moser
Max-Planck-Institut dl e
for Physics, g = —D - __g (VGS - Vﬂ,)
Munich 1dQO L
2000 [ II' T T
1500
h} 1C!:lﬂl_—
o |
m -
a [ 1 1 1
o 2 4 &
Research effective channel length L (um)
techniques
seminar
Fermilab
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Lab Measurements

Low intrinsic noise
demonstrated by spectroscopic measurements with single pixels:

H.-G. Moser
Max-Planck-Institut .
for Bhysics, 1.6 el rms noise
Munich
(at room temperature, 10 us shaping time)
800 —_—
| [
500 -g -
£
- I
- £ P = 04 g B
£ i EWE = 16D s 3
£ ik =t ! ]
i S JD"“,; o | 3
gy [nv]
20
a L . .
Research 0 2000 4000 000
techniques enargy [av]
seminar

Fermilab 55
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Clear (Reset)

DEPFET Matrix Mode

Accumulate
Read (1)
Clear

Read (2)
Accumulate

Signal = Read(1) — Read(2)
(Correlated sampling, pedestal
suppression)

Clear efficiency important:
Depends on:
Clear contact voltage
Clear gate voltage

Incomplete clear reduces signal
and adds noise

Complete clear in wide parameter
range
Clearing time < 10ns achieved

U (Cleargate) [V]

Onoise
[NA]

12

15

18

21

24

27

30

32
10 12 14 16

U (Clear on) [V]

18

UClear—on =8v

Uclear-on = 10V

—a— = o
UClear—on 14v e

— T T T T T T T T T T
100 120 140 160 180 200

At (Clear) [ns]

220
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Radiation Hardness

Bulk damage: mainly by neutrons from calorimeters -> negligible
Oxide damage due to charged particles: 100 kRad in 5 years at 15mm

1. positive oxide charge and positively charged oxide traps have to be

compensated by a more negative gate voltage:
negative shift of the theshold voltage

2. increased density of interface traps:
higher 1/f noise and reduced mobility (g,,)

Gate Dielectrics 180 nm SiO, + 30 nm Si;N,

=11

-2

-3

" [source DEPMDS-Gate

mmj"

<

channel implant

—AVgg/10® RAD (Si) (VOLT/RAD(Si)

10

10

10

10"

10-! |—

10"

| OT03C _
070 10 | PHOS-00PED
POLY-S!
#1080 ,
7 OTHER P
~AT06 :lirem 7
/8 soescns
A NCGARRITY
- /7 0 e -
, 2
V" ]
7/
r/ 0

L] T LI L] ‘ T
T = 80°K
lfng = +2.0 Mvicm

lll]

Q.P. Ma, P. Dressendorfer
O John Wiley&Sons,1989.

1 lI-l.L l._llll

10 10?
dox (nm)
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Radiation Hardness

In ILC: DEPFET off
most of the time
(1000/1)

Threshold shift
reasonably small
~ 4V

Can be
compensated!

-AViy (V)

a) Irradiation in off state (gate voltage off)
b) Irradiation in on state (gate voltage on)

PXD4-2, J14, 60Co, (GSF)
L ) R B

Irradiations on DEPFET teststructures (Cof? at GSF, Munich)

8

'''''

.

—4%10”

{ox10™

| 0

0 200 400 500 8OO

1000

1QOOkRad



Transconductance and subthreshold slope

all transistors:  0:912 krad pfe*iVVQdiOtiOm

100 F _ "’ \
g sf = R
= eof E : s=85mV/dec
o = = 10 :
H.-G. Moser 3 oF E :
Max-Planck-Institut = EE Viz-02V |
for PhySiCS, 7{5 1 - 0 E 2 5 0 1
Munich Gate voltage (V) Gate voltage (V)
all transistors: gm for W/L=3 : 0:912 krad 102 ‘ after 912 krad
w 20E ‘ ‘ ‘ ‘ _ L N
% 40? = R
gor s=155mV/dec
é 20; E < 1074
é wz? *: s - thz‘-4.5v ‘ |
- 0 15 2‘0 3‘0 45 50 —6 =5 -4 -3
Drain current [uA] Gate voltage (V)
No change of the transconductance _GC, _
J Im Ni =~ kT -In(lO)-(sD2 SDl)
Charge amplifcation: 300 krad > N=2:10"" cm=2
Before irrad.: gq = 350 pAle 912 krad > N=7-10"" cm
At 912 krad: gq = 335 pAle
Literature:
Research Leakage current: After 1Mrad 200 nm (SiO,):
' N, = 10" cm
B 'ques Before irrad: 5-22 fA '
seminar ’

Fermilab 912 krad: 156 fA (~ 1 e/us)
June 6 2006
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Munich

counts/channel

Research
techniques
seminar
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Fe Spectrum (single pixel)
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100 F

—-100 —50 0 50 100

energy [eV]

2000 4000
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Noise ENC=3.5 e (rms)

at T>23 degC
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Noise vs. shaping time 1

ENC vs. shaping time constant
yr—m————————————————————

ENC = o 2K A, +ql Az 2 o .
— Non-irradiated :

T
t0t
H.-G. Moser 10| 60 .
| el : and after 913 krad ¢°Co :
for Physics, T eF ]
i nich Thermal noise 2 o ;

1/f noise W
Leakage current

+ 2ra, Cl

T [psec]

ENC vs. shaping time constant

10
_ 8 ¢ i
LosE © -
Fit and extrapolate to 20ns o 4f E
(Bandwidth at ILC) °F | | | | ‘ E
6] 2 4 . [;Sec] 8 10 12
Expect ~ 50 e nOISG : __ENC vs. shaping time constant
Calculation: ~ 36 e noise :
Research
techniques
seminar

Fermilab 0.00 0.62 oA‘o4 oA‘oe oA‘og 0.10
June 6 2006 7 lusec]



DEPFET Matrix Test System

Switcher I: selects rows for readout (switch external gate)

H.-G. Moser Switcher Il: clears rows

Max-Planck-Institut
for Physics,

Munich
: ‘,' AAUTAIAALLL ALY, - -.
7 W
} g m—, + 0. Curo Il readout
128 channel
current amplifier
for column readout
Internal pipeline &
tRehse_a.rch DEPFET matrix O-suppression
echniques .
e 64x128 pixels
Fermilab 28.5x36 um?

June 6 2006



Support ASICs: Switcher

Switcher: provides gate and clear signals

. 4.6 mm _
H.-G. Moser _
Max-Planck-Institut = 64 channels with 2 analog MUX outputs (‘A’ and ‘B’)
for Physics, . :
Munich Can switchupto 25V
. digital control ground + supply floating
. fast internal sequencer for programmable pattern
(operates up to 80MHz)
. Present dissipation: 1mW/channel @ 30MHz
. 0.8um AMS HV technology
Research
techniques
seminar L -
Fermilab AU =20V

June 6 2006

4.8 mm




Support ASICs: Curo

channel i

CURO: 128 channel readout chip ~ *® Q( .

Iped + Isig) or Iped

H.-G. Moser ANALOG - Channel
Max-Planck-Institut® ©On-chip pedestal subtraction (correlated
for Physics, double sampling)
Munich
= Real time hit finding and zero suppression
» Hit addresses store in on-chip RAM
= 0.25um CMOS technology
] ] ] L] L] ¥
= Row rate of 25 MHz has been achieved analog| 1/0
Mixed Signal FIFO FIFO
cells
— R [TTTITIITIITITT]]
h;i iiiiil.iﬁi {111 | |
: ?iiii‘ii_iiii'ﬁfii
— = Il outA
—ll outB
Research
techniques
seminar
Fermilab DIGITAL - Part serial-out
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Testbeam

DEPFET

H.-G. Moser
Max-Planck-Institut
for Physics,
Munich ~ _Ream —_—

DESY test beam with 6 GeV e-
Bonn ATLAS telescope system:
« double sided strip detectors,

300pum
« pitch 50 pm
DEPFET:

« 128x64 (28.5x36 pm?)
* 450 ym thick

Research

techniques * Row rate time 13.4us (limited
seminar by DAQ)

Fermilab

June 6 2006  sample-clear-sample: 300ns



Noise & Cluster Calculation

i i Seed locati
noise calculation:

signal distribution after pedestal and common mode iié'zo:
correction & hit removal z2 |
300
H.-G. Moser €
Max-Planck-Institut 16.3 ADU = ENC: ~300 e sof
for Physics, steering i hort | i
. g line short in L
i - matrix layout (no —%
cluster finding: LVS..) I
56 seed threshold, 40¢
26 neighbor threshold in given ROI i
20
) N
. 0 10 20 30 40 50 60
cluster size MPV [ADU] Column number
3x3 1835 450__

E [15Signal
5x5 1850 4002— @
7x7 1868 0p MPV=1835.0:3.0

300

250;—

signal confined in 3 x 3 pixel clusters 200F

150

Research S/N =112 (450 um substrate) 100
techniques i . . ) s0F- : 1,

seminar Noise dominated by systems noise (pickup) W
Fermilab % 500 1000 1500 2000 2500 3000 3500 4000

June 62006  Front end noise ~ 100 e (estimated)



Uncertainty in Predicted Position

6 GeV e beam @ DESY =>» multiple scattering limited position resolution

apply X2_Cut on fltted raCkS [ Resolution vs min. Chi2 prob. |
H.-G. Moser _ E“E‘ 2k
Max-Planck-Institut » does not improve too much 5.t E L ™
for Physics, gr Za
Mun)gch (compact setup) &' E:
8:_ [ R on o 230_— .F'H
better: o o fak :

4 C \L.1
C 10f y
2 I N
0 Gt 03008500006 000054 LR '0.'99'9555'?1' 1

Min. Chi2 prob. Min. Chi2 prob.

scan beam energy to estimate true resolution:

[ Position resolution*2 vs 1/E*2 |

00
Detector X-Resolution (pm) | Y-Resolution (pm) | X-noes | Y-Nout f C | * * direciion
Hybrid 24" [ 8.1£0.1 71+0.1 53 |32 B
Hybrid 1A R8.0+0.1 7.540.1 5.2 1.0 Fool
Hybrid 1B 82+0.1 81+0.1 5.5 5.1 £
Hybrid Mun1 || 9.04+0.1 7.8+0.1 6.6 4.6 e
Hybrid GCG || 8.0£0.1 7.840.1 5.2 16 200%
S0
Research _ _ ] m;_
techniques Still ~ 4 pm uncertainty (telescope resolution)
seminar : 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1
- Ml Testbeam at CERN planned v S S R

In\r:erse l}EﬂI.'I'i energy:’*z (1/Ge\W42)
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Efficiency & Purity

| Efficiency vs seed cut |

Efficiency = #good clusters/#good tracks

£ b
EUD -_--:Innnnnnnnnnnnnnunnnnnuun
c C ."l-'!'!'ll-ll...|,‘..‘.... Bog
* 50 seed cut o5 el
H.-G. Moser £ "k
N i i . . 99 W0
MaxPlanck-nstitut 3 efficiency > 99.9% :
for Physics, 98.5F \b
Munich [ Hybrid || No (%) [ Wrong (%) | Eff (%) | No (%) | Wrong (%) | Eff (%) | : N
Hyb2A || 0.035 [ 0.200 99.75 [ 0.021 ] 0.021 99.96 =3 \
FybMunl || 0.040 | 0.373 9063 [ 0 0.022 00,08 o7 5F \
Hyb1B 0.046 | 0.137 99.82 [ 0.025 |0 99.97 F 0
HyblA 0.010 | 0.251 99.74 [ 0.012 |0 99.99 e Standard sffcency o
HybhCGC || 0.031 0.187 99.78 0.018 0 99.98 96 51_ Applying madest y* cut L
:I 111 I 1111 I 1111 | 1111 I 1111 | 1111 I 1111 | 1111 I 111
0 5 10 15 20 25
Seed cut (o)

Purity = #good clusters/#all clusters

| Purity vs seed cut |

« problem: long integration time causes = U
~15% double hits g I
90
—> look for clusters in inverted frames Buf_ '
« still problem: out of time events (events 2
between clear and 2. sample) ﬁu'
Research r
techniques - correct for them o
seminar 0T i e e e
Fermilab =>» Purity ~ 100% Seed cut (o)
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Module Concept & Material Budget

) ==

Cross Section

H.-G. Moser
Max-Planck-Institut
for Physics,
Munich N
R
(,).
,/’\,
*Innermost Layer:
*One self supporting Si-sensor
Research »Readout at both ends

techniques »Sensitive area thinned to 50 um
e =Support frame not thinned (300 um)

Fermilab

June 6 2006 *Thinned (50 um) ASIC bump bonded



Processing thin detectors (50 um)

a) oxidation and back side implant of
top wafer \ C) process = passivation

— oé Aafion Top Wﬁiﬁg e (p+)¥implant Process -> Passivation
H.-G. Moser —— —
Max-Planck-Institut
for Physics, X A
Munich =100= Water open backside passivation

; etch stop Si02\ / \

d) deep etching opens "windows" in
handle wafer

=N s f
d . §y

b) wafer bonding and
grinding/polishing of top wafer

Research
techniques
seminar & t i
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Material Budget

H.-G. Moser
Max-Planck-Institut Estimated Material Budget (1st layer):
for Physics,
nieh Pixel area: 100x13 mm?2, 50 pm: 0.05% X,
steer. chips: 100x2 mm?, 50 pym: 0.008% X,
(perforated) frame :100x4 mm?2, 300 pym: 0.05% X,
B 0.11%X,
Research
techniques
seminar
Fermilab
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H.-G. Moser
Max-Planck-Institut
for Physics,
Munich
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Module Concept/Power Consumption

DEPFET Matrix: power per active pixel: 50 mW

only one row active: 0.5-0.8 W/row
duty cycle: 1/200
5 layer detector: 0.5 W
power per active row: 6.3 mW
duty cycle: 1/200
S layer detector 4 m\W
power/channel (50MHz) 2.8 mW
duty cycle: 1/200
5 layer detector: 26 W
3.1W

Only 0.5 W in active area (no cooling of sensors needed)
Only 2.6 W at the end flanges
Low power consumption further reduces material needs



Simulations

DEPFET module implemented in LDC Geant4 simulations tools (MOKKA)

H.-G. Moser (A Raspereza)

Max-Planck-Institut
for Physics,

Hit Digitization Procedure

25um
tra;k axit A/ < =
" VA
F 11 F 3 IFd : Fi \h: ‘.
Z° 0
50
E field “m B field
¥
/// ““Lorentz angle
Research . .
techniques SimTrackerHit track entrance
seminar elsctron cleud position point
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Resolution: R-Phi

| X eoardinabe eaeci =0 | Enub:m | A eanrdinate fasd = 0,05 | — hist '
gor = = -k =
s cos@=0 %0 c080©=0.95
H.-G. Moser so0f st0E
Max-Planck-Institut g -
for Physics, A f
Munich oE A
- woE
200 =
u 200
100} 00E-
LT T 3 ;'_;.i;u'."m R w I_;:-.':'m T
| Point Resolution (RMS) vs tan(©,) |
. . E i
Nominal resolution 3 _ _F
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-Normal incidence 3 sE
-B=4T (LDC) - .
25 um)? pixel *F e
(25 pm)? pixe : -
-50 um thickness 4 /
- =4'_|_',-"x
. 35— ;
Jroareh -Depends slightly on - T
techniques L B=3T.~
seminar B (Lorentz angle) | M
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Resolution: z

| Paint Resolution |
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Research
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Impact Parameter Resolution (D)

H.-G. Moser E
ey i i = 2 i =
Max-Planck-Institut E, - r Pixel size = 25x25 um*, Thickness = 50 um
for Physics, = B
i T; ___ & B=3T, a=24um b=7.2 um*GeVic
e -
——— B=4T, a=33um b=7.0 um*GeV/c
10 — — & B=5T, a=38um b=7.0 um*GeV/c
B 1 | | 1 | | | 1 | | 1 1 + 1 1 1
0 8 10 12
Particle Momentum, GeV
Research . . .
techniques Required: 5 uym +2 10 um/(p sin2/30) (p in GeV/c)
seminar
Fermilab a<5 um b<10 um
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GEANT4 for thin Si-Layers

260 T T T
d=22um
200 - 1 GeV & = f.f""rTI'ﬂCk
H.-G. Moser -
Max-Planck-Institut 5o L T .
for Physics, ! L=450um P Si LHYEI‘
Munich 100 - L B
so |
oLff Gy L Tt Probe layer thickness of ~ 30 um
0 1 2 a 4 5 ) ] ) H
8/keV using inclined tracks
H.Bichsel Rev. Modern Physics 60-3 (1998)
[l | r.‘i-lgnal Frojected row §_|
£ ! 0 =ao] e [ Mean=154
F00 Mean=158.08 E |
— | | RMS=87.40 = [ RMS=03
may =
150 | | :h:mé: -I.
Research ":'l:|-|'|-l1'-:|||':r' 00 |=:|:||u 00 G506 606 706 Bo0 S06 1000 “u oo 200" :;.':F"E.':B"“'s'ﬁ-d ““6o0 00 Bo0 00 1000
techniques Projected signat in 87 row (ADU)
seminar
Fermilab
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Very good agreement of GEANT4 simulations and testbeam data



Project Status - in Summary

v steering chips Switcher Il v thinig cnolog

H.-G. Moser
Max-Planck-Institut
for Physics,

Munich
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Research 200
techniques ol
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Conclusions

DEPFET technology established (double metal/double poly)
*Low intrinsic noise and complete clear demonstrated

H.-G. M - :
VMax Planck.netitgt *THINNIng technology established
for Physics, *Radiation tolerance up to 1 Mrad demonstrated
Munich *Readout and control ASICs developed and produced

*Successful operation in beam test
Advantages for ILC Operation:

*Signal generation and collection in depleted bulk
large and fast signal

*First amplification step integrated
low noise

‘RAM addressing of pixels (no charge transfer)
fast readout, radiation tolerant

*Power dissipation only during readout cycle

low power
*Wafer scale arrays (6”) possible
Research simple modules, less material
techniques *Inhouse development & fabrication
Raminar complete control of design & technology

Fermilab
June 6 2006



Next Steps

New DEPFET production (larger matrices), in production
New CURO (more features, better matching to g,)
Rad-hard Switcher

H.-G. Moser = Virtuoso® Layout Editing: PXD5 _rar arr_fs_1024x256 layout [ -]
Max-Planck-Institut 512 x 512 matrix T S i
for Physics, pixel size: 32 x 24 pm? @|
Munich array size: 16.38 x 12.29 mm? ‘@ Pl
chip size: 21 x 20 mm? E,;’| Ty Sy Sy
Also: 128 x 2048 matrix §|
pixel size (24 um)? [
5 cm length §|
a
/|
al

=
T

ks

Open for new “collaborators”

No MOU

No spokesperson/project managel
- No steering committee

- Alot of work to do

If you are interested to work with DEPFETSs, contact us

I

g
=
o
a

RS

- http://Iwww.depfet.org
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The competitors.... see

https://wiki.lepp.cornell.edu/wws/bin/view/Projects/VixProjects

charge coll. CMOS MAPS

in epi. layer in various "flavours"
H.-G. Moser E.
Max-Planck-Institut 0
for Physics, =
Munich
substrate (p+)
FET gate 5 amplifier
Source S ;
SOI Sensors DEPFET - n+cleqr P+drain
charge coll. in
PMOS fU”y depl bulk deepn_dopl-
o : ——transistor ‘internal gater
— —  NMOS s
Research 2 transistor To P p-well
g .____,.___________._..___._-. "'Sibu!k
sem'f‘ar metallization
Fermilab
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Alternatives/Competitors

Hybrid Pixels: Pixel detector with bump-bonded electronics o b
(e.g. ATLAS/CMS pixels):
. H '
H.-G. Moser problems: power and material! Prols 2 3 RG
Max-Planck-Institut CCDs: used very successfully in SLD e e os
for Physics, b,
Munich problems: power, speed b,

=> continuous shifting

n channel
=1ym

=> time distance relation

n implant
{output node)

=> radiation hardness (transfer efficiency)

promising concept: internal storage pixels (ISIS)

MAPS: Monolithic Active Pixel Senors:

intergrated CMOS electronics RD oD B Accumulation
uses “standard” CMOS: ] Depletion
RG
complex signal processing possible (0-
suppression, pipeline) os
problems: speed, cross-talk, power nimplant S —
- CMOS process: small, slow and diffusing signal from thin A el
techniques (~15 um) partially depleted epi-layer
seminar . . .
Fermilab Small sensor chips (yield problem), recticles

June 6 2006



H.-G. Moser

Alternatives/Competitors: MAPS

N-well used for signal collection
Only p-well possible for processing

N- & p-well only in periphery

Dhirlectric
it}
imsEkniion
and
Passivatino

Metnl lyers

Filvailicimn

Max-Planck-Institut
for Physics,
Munsgch Successful prototypes :
S/N: 20/1 . i |
Resolution <2 um
However: signal distributed over many pixels it
] Cqumr
Speed: not yet to LHC specs (inner layer) B Torbatm 2L LA
Power: 77?7?77 g
- ~ 8.7 or12.1 em
i A T T
E total :::it::::itt::::ﬁ:g::ﬂ""
o= 5 or 7 modules F
g 1020%1024 pixe|s
T sach module HEEEEEHH
one reficle HHHHH
size T
E 19400x172350 pm? i
Y 2
arakogue madou | analogue readout ; araloque resdout | srakogus madout
TOPESOT LEFTLIOraB0T BIGHT| | TOPABOT LEFTITOPESOT RIGHT, = TOFSBOT LEFT ITOFESOT KESHT)
dhgial conire] | digital control cigtalconn]| || choial comio digital contrel || digita| conen|
Tors@oT LEFTiTen A [ TOPAROT LEFTITOPRROT RIGHT, -
Resear LD L CIOIOLIC CIDCICITICIC] L] v oneslabofsilicon [ 07 L1010 C101C]
techniqu .x Y X X ¥
in: analogue signal bus
semlp. VME h“.—:‘:;;?@.:t system (readout clock frequency 40 MHz)
Fermil: and hardware data processing unlm" TRANSVERSE LADDER READOUT
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H.-G. Moser

Max-Planck-Institut

for Physics,
Munich
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CCDs with double column parallel reaout
25 MHz with 1.9 v !l

Noise: 60 e-

Radiation damage?
Wafer scale devices?

New concept: ISIS CCDs

In situ storage of ~ 20 “events”
Exists for high speed optical cameras

Immune to noise pickup from beam (SLD lession)

Why whisper just when an express train roars through the station?
(Chris Demerell)

RD OD
RG
Signal charge storage L T
(n channel)
/ }' oG os
ccD S ; / o
gates 1 T Fi lJ
L, ________L
F T - = = sl = = = = - T
pwel | L ______ A 7,?_-_J -
A \YK n' output node rjf
P epi /\_ y
p+substrate \ /
Depletlun
Particle regions

trajectory




An (un)biased comparisson....

Resolution

Material budget

r/o speed

Power

Rad. tolerance

H.- 5pm £0.1% X, 50us/frame consumpt. Y. N REERLE
Max-PI ~
axfor 4.2um + 25MHz done V=2V rad. tolerance
p CP-CCD + + R&D, comp. + + = (n) may be the
(expectation) Ladder R&D R&D low T op. limiting factor
CMOS 2um +++ + | *yn large devices?
MAPS But at high R&D, comp. R&D ! + but with non d ?
speed? Ladder std. techno. ept
SOl Sensors No clear concept for the ILC. Feasibility shown, looking for industrial partners to continue.
Like CCD all comp. Ok, y: F no show
DEPFET + + aIIl-?s?Ii[c):’on system test? + + n: 2. but stoppers so
(expectation) R&D! expect Ok! far.... ©
module
HAPS Backup
7um (-) - - + + -- + +
R (ATLAS&CMS) solution
tecnniques
seminar
Fermilab
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