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ALICE Pixels




I 0 HEBN l H N I HE R EEN
@ 6 layer ITS (Inner
Tracking System) fiber sectors:
& consists of 2 layers & Rinner layer: 3.9 cm

of silicon pixel
, (SPD), 2 layers of
silicon drift (SDD) .
and 2 layers of
| silicon strip
| detectors (SSD)

@ Router layer- 7.6 cm

Min. clearance of |,
closest component
to beam-pipe:

~ 5 mm
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@ Smallest building block:

half-stave

& 120 half-staves (40 inner +
80 outer)

™ Each half-stave consists of:
| MCM

* max. height: 5 mm

e ) fc bonded ladders

* 5 chips + | sensor
| multilayer bus
@ 1200 pixel chips
& 9.83 x 10° pixels
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ALICE Silicon Pixel
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HALF STAVE CROSS SECTION

Ok,

Optimize material budget:
~I.I% XO0 per layer

SMD

+ & Carbon fibre: 200 pm
+ ™ Cooling tube (Phynox):
40 ym wall thickness
@ Grounding foil (Al-Kapton):
/5 um
- ™ Pixel chip (Silicon): 150 pm
= s [ Bump bonds (Pb-Sn):
=" diameter ~15-20 pm
& Silicon sensor: 200 ym
& Pixel bus (Al+Kapton):
280 um
@ SMD components

@ Glue (Eccobond 45) and
thermal grease
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ALICE Silicon Pixel Detector

@ Dedicated FastOr (FO)

circuitry in each pixel cell T 1 amum
& Active if at least one pixel per D{>{> T Homal <= | 50 um
chip is hit T o e o{Readont D>
@ Transmitted every 100 ns ALICE SPD chip pixel cell migged
@ Two data streams: data + FO & Extract and synchronize
@ Low latency pad detector with 1200 FO bits every 100 ns
1200 pads & User defined and
@ Used for LO trigger decisions programmable algorithms
(cosmics, pp, HI) (MB, topological trigger,

1200 bits @ 10 MHz high multiplicity trigger,..)
12665 & Overall latency: 850 ns

Fast-OR
extraction

Processing

350 ns 250 ns 25 ns
———




ALICE Silicon Pixel

AN,/

I |st paper shows
pseudorapidity density based
on SPD data at 900 GeV
(using SPD trigger in LO
decision)

EP] C:Vol.65, | (2010)
284 events, 23/11/200
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CMS Pixels

o

4

e TU E@ "I Dortmund




Plaguettes

Barrel Pixel Detector 48
(BPix) has 3 layers of _gifstes
radii 4.3 cm, 7.2 cm “SGEF

and | 1.0 cm

Forward Pixel Detector
(FPix) has 2disks on each
side at 34.5 cm and 46.5 cm

BPix has 768

modules FPix has 672 modules

I Total of ~15,840 Readout Chip
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CMS Pixel Sensor Detector

.....................

......................

,,,,,,,,,,,,,,,,,,
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::I W " AN 1 X Wk 14 A, A X AX e ua Xl AXh s XL AXS WA X

sut \ ReadOut Chlp (ROC) double\
_ ixel B o o o o o S b S S i i e s vl e S e
bump bonded sensor PHes NG 1 it e S S 1 L S

: double column | =
PIXGIS. interface™~~~_ =

52 x 80 = 4160 pixels per ROC e

32data Khad “11‘,
o L

G e e e R R S
| 20KV 620 TN 1€, 1FVn = 00835

%ot
e 7 v

0 . 3 '
I} - T
I

S
|5,84O ROCs buffers | ;Eiim il ﬁ?

X I I"

0 ROC e T Mﬂ .....
66 million pixels 12 me S
Automatic zero-suppression

Double column drain architecture
40 MHz analog readout

Each pixel has a
programmable threshold
(adjusting called trimming)
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: ; ¥  Levelo -
c1 o A2 A1 A0 signal :

ultrablack :

TUNId6.0ns] A Th2 ¥ 20.5mv,

* On receiving a L| trigger, the Token Bit Manager
(TBM) initiates a Chinese-whisper of “token
bits” that instruct each ROC to send its hit data

to the TBM

* The signal from the TBM is electrical and
analog. It encodes the ROC #, row and column

and charge de
* The electrical
to optical by t

bosit of each pixel hit
signal from the TBM is converted

ne Analog-Optical Hybrid (AOH)

HE BB EE N
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CMS BPIX & PIX and tln»eberAq

—
——

* Pixel Front End Driver (FED)

digitizes analog signals given

the level thresholds for

decoding.

 FEDs send digitized data down
S-Link cables to the Data e i Foi s ] W
Acquisition System (DAQ).
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CMS Drimany Veoe
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iamond Detectors
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Diamond Pm@e_rms

Why Microwave CVD
diamond? Plasma Reactor
magnetron
s ofd ot plasma
& high band gap (5.5 eV) breakdown field
(107V/cm) & resistivity (>10'' QQ cm) « gasinlet
— |low leakage current
& low dielectric constant (5.7) vacuum

— low capacitance pump
& high displacement energy (43 eV/atom)

o water coolin
— radiation hard &

& high thermal conductivity (~2k W/m.K) Metallization
— no cooling | @ no doping needed

O high energy to create e/h pair (I3 eV) & @ metal contacts (pads,
low average created signal (36 eo / Pm) strips, pixels) sputtered
— low signal, but also low noise or evaporated

E EEEEEEEERN
TU Dortmund '
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polyc r)‘s.talh.ne (PCVD):

grown on
non-diamond
substrate

2600080
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o
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HTHP
diamond
substrate

real
single
crystal

o
© w
w o

0.25 |
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L ~250 .................. ( ................................ .

.~ 310 um (center)
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................... evenf th ck diamonds
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l ATIL!ISM I .ll e :

Whole, gl ATLAS Diamond Pixel Module i g

% HV guard ri -
5 \ S Type0 connector —&

<>

decoupling | Nl S a -
capacitors =+ RIS ﬁ e
O | 2 A
: NTC l bump bonds
T~ diamond a ' ——— pare module

sensor

:
MCC  plgtai
\

¢ 800 um pCVD diamond
™ 50%x400(600) pm pixels
¢ |6 ATLAS FE-I3 chips
weight: ~ 2.2 g ¢ active area: 61%16.5 mm?

cERPECU E@ “rU Dortmun

diamond sensor bump bonds " 77 dimensions: ~ 2 X 6.3 cm?




Diamond Pixel Module - Indu

¢ diamond sensor
can be reused if

module QA fails — i 2
before rework after rework

cERPECU @-TU Dortmund




pCVD Diamond Module
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x f effDistMap | | |
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¢ residuals show expected behavior: 5 -]

20

— |4 pm as expected from 50 pm/ \/I 2 155 _________ >975% _____ efﬁcnency _______

¢ 97.5% efficiency lower limit due to
scattered tracks (4 GeV electrons) £ 1
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3D Silicon Detectors
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Silicon 3D Detectors Basics

H B B BB EEEEEEE RN EEEEEE
n-colupns  p-columns . 3D Silicon History

* MEMS technology + VLSI to
sensor fab: Deep Reactive lon
Etching (DRIE)

* Electrode implants: etched,
doped, filled columns (S. Parker

n-type substrate | 995)

* Dicing: etched, doped edge
trench (C. Kenney 1997)

* Key benefits: Radiation
hardness and active edges

3D Silicon:

* Integrate the implants not on the
surface but through the detector

* Allows highly segmented pixel
detectors, but additionally:

* Distance from n- to p-column X
small: low depletion voltage! .. o
* Short drift distance = fast signal | M
= high rate capable! 201m

' BB EEEEEEEEE ‘ :
cern-pr | (| D Boremand™ ™ "Picel beractorsacinciiofiminiaiiniial




Silicon 3D Radiation

* Decoupled directions: track traversal versus drift field
* Low depletion voltage

* Short charge collection path, fast signal

* Retain full charge from MIP in 250pum Si

* Signal loss dominated by trapping

 HEEEEE R R
TUDortmund
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Sensor F

The 3D sensors family:
IRST and separately CNM.

i B bk i e i S e i e s A S e o R bt ' Being pre S
| (No data available yet)

and tested with Atlas pixel
Readout ~ and SLHC fluences
Design at its 5%

Generation

Double column
No active edge

Being also fabricated at SINTEF in
the ATLAS Upgrade framework as
\ part of the 3DC Consortium.
No data available yet
electrodes ' e

ICEMOS- 8eing presently fabricated IRST/CNM tabricated in the RDS0
Work performed in the RD5S0 framework Framework in 2005 Tested with SCTA
(No data available yet) readout Electronics. Data and Simulations

show that the design is NOT radiation hard

pasgivation For B-layer replacement.

Full 3D
No active edge

Single column
No active edge

cervP CU @ TU Dortmun




reverse Bias Current (uA)

10 —DTC-2 (2E-type)

8 —DTC-2 (3E-type)

6 —DTC-2 (4E-type)
V,  ~20V )
2
0

0 20 40 60 80 100
reverse Bias Voltage (V)

280 — 11—

°

§260—'

Q

) - " . i
© 2400 o« o —
2 o ® ® 92060 0 0
- <

2220— jui - -
ic’ B < "ea
g ¢ .

S 200 - * + 4 e o}
wl

180 1 I L 1 1 l 1 I 1 J

0 10 20 30 40 50 60
Reverse voltage (V)
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1008 ; | ' ’ : 200
- : : ® 4En
L. _ ~ . 180 B 2En .
—_ 80 { A 3En
.°\_°. 4 I _ e 3Ep
> 60 (@] — 5 160
s %00 R ?
:g ‘;c'; 140
u—; 40 - L CNMIGIasgowiD. Pennicard, IEEE/NSS 2008] E 120 n e . < after irr
S - FBK-annealed [A. Zoboli PhD Thesis, 2009) g )
7 20 |... A7 STATNMA 604 (2009) 505-811 S 100 e
: o
80 before irr
0 L | i yay L (
C. DaVia and S. J. Watts July 08
0 5x10"°  1x10"°  1.5x10™ 2x10"° 2.5x10'°

Fluence [ncm'zl
Equivalent neutron fluence [nlcmZ]

* radiation tolerance up
to 3-5x10'> neq/cm?

e for inclined tracks 3D
sensors have similar
efficiency and spatial

Mask detail

Normal mcudence )

inclined tracks

o Lon & planar
silicon sensors | .
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Hand-On:
Pixel Detectors at LHC
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| End-cap semiconductor tracker

-
-
o®
-
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ATLAS Pixel Detector
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\ ( Barrel semiconductor tracker
Pixel detectors

y
,,,,,,
-

Barrel transition radiation tracker
End-cap transition radiation tracker

End-cap semiconductor tracker
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ATLAS Pixel Detector

e 3 barrels + 3
forward/
backward disks

e | |2 stave and 4
sectors

e | 744 modules

e 80 million
channels

________ ”\\ ATLAS Pixel
[T T - E Detector
A

Barrel Layer 2

End-cap disk layers

 HEEEEE R R
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ATLAS Pixel Module

ATLAS Pixel Module

- HV guard ring ATLAS Pixel Module

N Type0 connector

* |6 front-end chips (FE-I3)
module with a Module
Controller Chip (MCC)

* 46080 R/O channels 50 pm
X 400 pm (50 pm x 600 pm
for edge pixel columns
between neighboring FE-13
chips)

* Planar n-in-n DOFZ silicon
sensors, 250um thick

B e Designed for Ix10'> |MeV

dmensions~2x63em Tluence and 50 Mrad
s e Optolink R/O: 40-80 Mb/link

cern-pr TU (O e

decoupling
capacitors

sensor
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ATLAS Pixel FE-I13 Sensor

0V Schematic Layout of the ATLAS Pixel Sensor

o to FE n* to FE o bump ~ n'implantation
nitride  GND  guard ring GND Pp-spray passivation pad (Al) oxide (pixel)

A 4

controlled potential reduction n substrate

ov/\ /\ f\ /\ n>100\/

passivation guard rings Al p* implantation nitride oxide
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ATLAS Pixel FE-I13

column 0-17
%
matrix of

160 x 18 pixels SEU- tolerant Iatches ATLAS Pixel

7-bit TDAC [§ ¥ autotune C|rcmtry top bus FE |3 Ch|p
bump pad / '

R
N
v,
& 3
:.:. 2

- 2| &R E
SIETNE

211

AR5

5_phit [Smart decoupling a dual 8-bit differential

preamplifier & cpac || capacitor hit logic SRAM for LE & TE
discriminator ' ; information
’ : 11 @ & address ROM
column pair 2 —
e |
readout © o
EOC logic |
EOC buffer block — PR
bias generation | 9

data serializer —= | Lkttt wire bond pads
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Feedback

Ce=61F Q

1N
- 1

Preamp 2 I

—

u . . .
Diskriminator

_\/_ Hitbus |

Preamp 1

|
/—T
T

Lrg s
E— Replica E

Ext. Injektion — —
Pulser

VAL
GDAC
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3 Pixel qna m

IllElllllllel EEEERN
injected charge
dependence

threshold feedback curren
dependence

dependence

threshold

preampllfler output sighal !

discriminator output signal |

fannil mu sl ml

—high charge : —high threshold| —high feedback

—low charge . —low threshold : —Iow feedback
n €Dy ~ Preamplifier and Discriminator Signal Shapes
CF=6‘fI‘=
N
) 2 oL |
{% - Pream2 _|_\_ R =~=
Coy =8 1F Chigh=32fF @ _\/_ Diskriminator . Ll’:”_
B Replica E

Ext. Injektion — —
Pulser

-
=
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Hand-On Measurement Pr

Front-end Tuning (selected steps of a
many tuning, calibration and quality
assurance steps program):

|. Digital test

2. Threshold Scan

3. Time-Over-Threshold Calibration

4. Source Scan ToT = A -
= 1 Qin;
"2 100 - I
c ideal: step -
S 90- function ~ : 9000:_
o , real: error function =
% 80 1 : (S-curve fit) 8000 =
P (-1 CT——————— 7000
£ 60- . 6000E
50 - '+_ threshold noise calculation 5000 z—
40 | ; points 30 % & 70 % 40002_
30 - 3000F
a Threshold and Noise 2000?
10 of an ATLAS Pixel Cell  1000¢
0 : ot A R R N S
1000 2000 3000 4000 5000 6000 7000 8000 9000 0 5000 10000 15000 20000
injected charge [e] Charge from ToT (e)
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Pixel Detector

dE/dx

Eff'uency
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096 : : | . | . 1 1 | | . 1 : | . B
2 10 D'Skac Oisk o Disk 1o Blaye, ver. " aver. ,0isk 14 Diskog Disks,
1k Pixel layer
e S ) oo Alignment
25 -2 15 105 0 05 1 15 2 25 § _ @ Autumn 2010 Alignment ATLAS Preliminary ]
GeV < ~  FWHM/2.35=19 um , ]
Bea m baC I( I'O U n d P ( ) ; 250" Monte Carlo Plxel barel ]
g 5000 -, : T T T : -x__-‘,u ey 06§ -~ FWHM/2.35=17 um - \s=7TeV .
@ ;: i 1 = - =
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2 i 10° 5 . s
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. 2 1502010 o |
O R B . = = -1
; __ ‘die  100tAlignment [ E
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_ Inner Detector Tracking Performance S,

Momentum resolution and scale usmg resonances: J/L|) example
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Tracki.nq Performance

., Extract signal from

{ background:

§ * 2 EM clusters (track-match)
§ ° pr (et tracks) > 4,2 GeV

¥ * track quality, calo shower

Observed all most classic resonances:
Ks, K*, @, A\, Q, =,D,D* and J/¥
Momentum scale known to permil in this mass region.

L>_<1O6 KS'_’I-I-II-TI-'I- Llin-r:ngm'sw IDJQ?O{O N3=7 TeV) x103/\ _’ PTr Mun&&smunwak‘ow N3= 7 QV) ShaPeS

> i > —3 . o, e
2 025 ATLAS Profiminery : g msrmway 1 1° key. ha}ndlg. large transition
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Inner Detector Material

* Reconstructed secondary vertices due to E 140 ngA;fge"m'"aw i }‘_si {)Tg;’é.,--t. =

@ BRA0 Lt AR S

hadronic interactions in minimum-bias events £ 1zoftr@iisnmisnsie st mueahong
g

(sensitive to interaction length A — o o
complementary to Y conversion studies)

* Vertex mass veto against Y — e*e, Ks® and A
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‘ Run 152409 b-tagged jet in 7 TeV collisions - : v o ,
WEMERLD  Event43a0004 g o, CF e ommow ATLAS proliminary
=LA LRimLNY 6 b-tagging quality tracks in the jet, 2 10R§ [ me:sghtjo
http://atlas.ch including one muon & - [ e Track
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ATLAS Phase | Current B-Layer

upgrade: \

¢ current innermost layer Beam Pipe
(B-Layer) usable up to

10" neg/cm? — fine till . ’/‘
Phase | upgrade IBL i §

¢ originally planned

exchange not feasible hbakeOUt
(>1 year) eater &
¢ Insertable B-Layer: isolation

\/

¢ new beam pipe with

additional layer (r =33 mm)
tight space — no shingling,
slim or active edges

|-1.5 7% Xo material budget

5%[0!> neg/cm? requirement

@Vllllllllll_ll
1 TU Dortmund " " “pixel Detectors at LHC 1111 0 1l0i02 AR

€

¢ beam pipe radius can be reduced
from 29 to 25 mm

€

&
4
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Motivation: ATLAS for ¢

= LHC equivalent to 6,000 fb" sLHC ATLAS L&)‘OUE SnapShOt

(Safety Margin — x2)

100 — total 1 ‘y 3 - 30 cMm Pixels
| — — charged (pi+p)! C_ .
| ‘\\\ — - - peutron ‘ @ 30 - IOO clm St”PS
10 | ~ @ 1 * ~
. Pixel layer I:~ 60 cm long
~ staves atr ~ 3 cm
¢ multiple of 0.12 m? sensor

material in innermost layer

0 10 20 30 40 50 60 70 80 90 100 -
R [cm) ¢ NIEL ~ 1.5%10'¢ cm™2 (3000 fb'l)
SLI'-LC ATLAS Fluences Boundary of silicon strip tracker

Drawn width represents tilt

Fluence [10'4 1-MeV n-eq/cm?]

¢ below 25 cm - SSSSS
charged particles —_. | fedsection | Commensurenshel | I
dominate (90% ;_ ——— | |
1T,|(,P - 10% n) *~,:=,~"‘-——J o WEGRIREE |

¢ different inner pixel 70 B
technologies ? ot st car e _ 1

Arbitrary guess
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Threshold and Noise

I B B B B E RN NN ENEEEEEEEES
¢ excellent threshold and noise performance:

¢ threshold: 1450 £ 25 e, noise: 137 £ |10 e- & overdrive 800 e-
no changes from bare FEs (1497 + 26 e7; 138 + 8 e) to module

..(‘

€0 ~€c

€€ ° . ,’. .
invisible sensor”: low capacitance C & leakage current ljeak
|_Threshold map | Miisu mip |
: - | 3
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Industrialization: Rework

2
N
.
I Threaho d (n) WAL scan without senear Gies - BARE 1
Yo

¢ diamond edge left
metallized
¢ module shorted: 10V bias
¢ 7/16 FEs damaged
¢ reworked at IZM
¢ backside metallization
redone
¢ module rim plasma
etching
¢ all FEs replaced

Constant
Mean

Sigma

¢ diamond sensor

can be reused if
module QA fails

before rework after rework

E EEEEEEEERN
TU Dortmund '

cern-pH LU (]




