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® Peak luminosity: 5x103% cm=s' =><pile up>"~ 140
® |Integrated luminosity: 3000 fb
P high particle fluences in ATLAS
® |ong Shutdown 3
p Allinner detector will be replaced with new
silicon detectors
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.. _® Requirement for new pixel sensors

p High radiation tolerance
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P High position resolution

Integrated luminosity [fb?]
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p Low cost
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KEK/HPK n+-in-p Planar Pixel Sensor

® ATLAS Japan Pixel Group have developed n+-in-p PPS with KEK and Hamamatsu Photonics K.K
® \Whyn+-in-p PPS?
p Many advantages:
- No type inversion in bulk part after irrad. : stable
- Only single sided lithograph processing : inexpensive
-  Collecting electrons : good timing performance & less trapping effect
® Pixel Structure
p 2 bias structure <= to measure IV-curve in the production phase

P 2 pixel isolation structure <= to avoid short among adjacent pixel electrodes

(a) Poly Silicon{|Common P-stop (b) [Poly Silicon, P—spray

(c)| Punch Through|{Common P-stop (d)| Punch Through/|P-spray

( ) Pixel Electrode | = Common P-stop [ P-spray
Bias Rail Poly Silicon Resister @ Punch Through Dot
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KEK/HPK n+-in-p Planar Pixel Sensor

® ATLAS Japan Pixel Group have developed n+-in-p PPS with KEK and Hamamatsu Photonics K.K
® \Whyn+-in-p PPS?
p Many advantages:
- No type inversion in bulk part after irrad. : stable
- Only single sided lithograph processing : inexpensive
-  Collecting electrons : good timing performance & less trapping effect
® Pixel Structure
p 2 bias structure <= to measure IV-curve in the production phase

P 2 pixel isolation structure <= to avoid short among adjacent pixel electrodes

(b) |Poly Silicon, |P-spray

Poly Si register (PolySi) —

GND — - -
d)f Punch Through

Punch Through Dot (PT) —

( ) Pixel Electrode | = Common P-stop [ P-spray
Bias Rail Poly Silicon Resister @ Punch Through Dot
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KEK/HPK n+-in-p Planar Pixel Sensor

® ATLAS Japan Pixel Group have developed n+-in-p PPS with KEK and Hamamatsu Photonics K.K
® \Whyn+-in-p PPS?
p Many advantages:
- No type inversion in bulk part after irrad. : stable
- Only single sided lithograph processing : inexpensive
-  Collecting electrons : good timing performance & less trapping effect
® Pixel Structure
p 2 bias structure <= to measure IV-curve in the production phase

P 2 pixel isolation structure <= to avoid short among adjacent pixel electrodes
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P p
( ) Pixel Electrode | = Common P-stop [ P-spray
Bias Rail Poly Silicon Resister @ Punch Through Dot
rOKyO TECH 6 9th Trento WS 2014

Wednesday, February 26, 14



KEK/HPK n+-in-p Planar Pixel Sensor

® Ve have been developing n+-in-p PPS with KEK and Hamamatsu Photonix K.K

o Why n+-in-p PPS?

The results of test beam at CERN in Sep 20 | 2
1) Structures have caused inefficiency region are

i) P-spray
i) PT

} 2 b|as structure <= to measure IV -curve In the productlon phase

a) Poly Silicon/|Common P-stop

(b) Poly Silicon, |P-spray

(c) Punch Through

Common P-stop (d) Punch Through||P-spray

o &

J ]\

—] [

\8r

( ) Pixel Electrode | = Common P-stop [ P-spray

’--------
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Bias Rail

Poly Silicon Resister @ Punch Through Dot
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KEK/HPK n+-in-p Planar Pixel Sensor

® Ve have been developing n+-in-p PPS with KEK and Hamamatsu Photonix K.K
8 Whyntinp PPS?

The results of test beam at CERN in Sep 2012

1 1) Structures have caused inefficiency region are
| i) P-spray

P i) PT
12) Bias rail and PolySi have caused inefficient charge collection |

P 2 pixel isolation structure <= to avoid short among adjacent pixel electrodes

(a) Poly Silicon{|Common P-stop (b) |Poly Silicon, |P-spray

c) Punch Through|/Common P-stop (d) Punch Through/|P-spray
( ) Pixel Electrode Common P-stop [ P-spray
Bias Rail Poly Silicon Resister @ Punch Through Dot
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New designs of pixel structures

® New design

(a) Poly Silicon||{Common P-stop

p Type 10 : Modified structure of bias-rail and
Poly-Si register to improve efficiency around
pixel boundary (KEK38, 41, 46]

Original

- [a]) Bias-rail has large offset from p-stop

- [b) Bias-register is located inside implant

p Type 27 : Long pixel (25 um x 500 um) with Typel0
staggered geometry (KEK39, 40)

® 4 chip modules E[a]E N Poly-Si bias-rail

o e

b 4 chips on single sensor [KEK35,36,37) =T

® Analysis for Type10 module is presented in
this talk
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TestBeam at DESY in 2013

® Before Irrad. (in Aug.]

) Pixel Structure: Type10 (KEK 41)
» Non-irrad.
p Thickness(Sensor/ASIC): 320 um/150 um
p Tuning: Threshold 2400e ,ToT 7at10ke
» One reference plane
® After Irrad. (in Nov.)
p Pixel Structure: Type10 (KEK 46) (Setup in Nov.)
p Irrad. 4.18x1075 ngq/cm? ®  Reconstruction: Eutelescope vO0O-09-03
p Thickness(Sensor,/ASIC): 150 um/ 150 um ®  Analysis: TBmon release.2
p Tuning: Threshold 1800e ,ToT S5atbke
» No reference plane
-4 GeV positron beam 5
:=> large multiple scattering effect :
=> worsen pointing resolution: ~23um
TOKYO TECH 10 Sth Trento WS 2014
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Before Irrad. ([KEK41)

® Efficiency Pixel Map ® Bias Voltage vs Efficiency
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After Irrad. (KEK4B)

® Efficiency Pixel Map
HV

(Htracks)

Bias Voltage vs Efficiency

Efficiency

- . ..................... ............... rradiated Type 10 module have ~78%
o — — — ............... overall efﬁciency 1t 400V

i_ ________ _____________________ ____________________ _____________________ _______________ <=The full depletion voltage

— . ................... ..................... ..................... ............... is expected around 800V.

® Efficiency Pixel Map Projection 200 300
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At low voltage, inefficiency at pixel boundary is seen.

But at 400V, no clear inefficiency around the boundary
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Inefficiency areas at 125 um and 375 um

Evaluate inefficiency at pixel boundary quantitatively

Definition of two regions

Efficiency normalized at central
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Fit by gaussian
and Calculate area

4_corners effect

Inefsigficigncy area

Efficiency
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Inefficiency areas at 125 um and 375 um

® Definition of two regions

Efficiency
o)
N
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Fit by gaussian 096
and Calculate area oe
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Is the inefﬁciency area of Type 10 larger or smaller than original ?
 Inefficiency area should hardly depend on pointing resolution.
- Compare with original sensors
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Comparison with Type10 and P-stop

® T[estBeam at DESY in Mar. 2013

(a) Poly Silicon, Common P-stop

g >0 — o Atr 125 um ,central, Type10 -|- At 375 um ,céntral, Typel10

g — op At 125 um ,boundary, Type10 op At 375 um ,boundary, Typel0

;ti 40 _— ------- o At 125 um ,central, PT/p-stop (] At 375 um ,central, PT/p-stop

;_'HCE) : O At 125 um ,boundary, PT/p-stop O At 375 um ,boundary, PT/p-stop

g : [ | At 125 um ,central, PolySi/p-stop At 375 um ,central, PolySi/p-stop
30 _ """" ] At 125 um ,boundary, PolySi/p-stop At 375 um ,boundary, PolySi/p-stop '

PolySi register has caused
inefficient charge collection
i.e. PolySi/p-stop has larger

inefficient region

— ] 0] DU
| ‘ N ‘1.- ™
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Comparison with Type10 and P-spray

® TestBeam at CERN in Sep. 2012 (a) Poly Silicon, Common P-stop
s 50 ; , f , ,
o) — o At 125 um ,central, Type10 o At 375 um ,central, Typei0
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'3) The less inefficiency area than original p-spray sensors

4) These results agree with expectation of Type 10 design

5) Inefficiency areas are expected to disappear symmetrically
‘around full depletion voltage (800 V)

- 6) ~80% reduces compared with PolySi/P-spray @400V
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Asymmetric Inefficiency at Pixel boundary

® \What causes this asymmetric inefficiency?
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* At high voltage, the ratio at boundary are expected to be seen
more explicitly than that at central
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e At 400V, the ratio at boundary is consistent with that at central

within error bar

* The behavior was not found out clearly at this testbeam because

bad pointing resolution
|7
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Future plan for asymmetric inefficiency

® To verify the behavior of bias ralil

p Compare with other structures ]
No bias structure

| — ] s I e
| Dom—_ < |
TypelO Typel9

» Verify if bias rail has caused inefficiency

L4

p Testbeam at DESY in next week

p Use higher energy beam to improve pointing resolution
p Testbeam at SLAC in May.
- 13 GeV electron beam [DESY beam: 4.0 GeV positron)
p Testbeam at CERN SPS in middle of Oct.

- 120 GeV pion beam |) To evaluate quantitatively
2) To verify inefficiency behavior
will have been done in this year

TOKyd TIECH 18 9th Trento WS 2014
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Conclusion
® In association with LHC upgrade, ATLAS ID will be upgraded in LS3

® \Ne have developed n-in-p planar pixel sensors
® Test beams have been carried out for evaluating sensor performances

® Making use of results for TB at CERN in Sep. 2012, sensor modules with new pixel

structure were produced Typel0
o | 0 [ YR PSP
— ] O] =
- (&) Bias-rall has large offset from p-stop N =V I L)
S S “GT N Poly-Si bias-rail
- [b) Bias-register is located inside implant (&) Oly=-ol blas-ral

p Type 27

- Long pixel (25 um x 300 um)]

-  staggered geometry
® Type 10 is found to have the least inefficient area of all original sensors
p Inefficiency area reduces by ~80% at central, compared with PolySi/P-spray at 400 V

To verify inefficient behavior of bias-rail, next testbeams will be carried out
TN T IRrT 19 9th Trento WS 2014
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Back Up
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ATLAS ID Upgrade

® Allinner detectors will be replaced with new silicon detecotors

® Requirement for new pixel sensors

p High radiation tolerance

(The innermost layers will have to withstand in excess of 1x10"% neq/cm2]

4
p High position resolution
)

Low cost
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Comparison with original sensors

® TJestBeam at DESY in Mar. 2013

® After Irrad.

Pixel Structure: Common p-stop, PT(KEK18]), Poly Si ([KEK139)
Thickness(Sensor/ASIC): 150 um/ 720 um

Tuning: Threshold 2000e ,ToT 6atSke

Irrad. 5x107° neg/cm?

(a) Poly Silicon, Common P-stop

vV vV v VvV V

1 reference plane

® TestBeam at CERN in Sep. 2012 (d) Punch Through, P-spray
® After Irrad.
p  Pixel Structure: P-spray, PT(KEK33]), Poly Si (KEK34)
p Thickness(Sensor/ASIC): 150 um/720 um
p Tuning: Threshold 2000e ,ToT 6at5ke
4

Irrad. 1x1076 neg/cm?

(b) Poly Silicon, P-spray

p 3 reference planes

TOKYO TECH 9th Trento WS 2014
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Inefficiency at Pixel boundary

® \Why is the efficiency at 125 um lower than that at 375 um?

— Pixel central region __ Pixel boundary region

0.95f

o9l

Efficiency normalized at central

Y

0.85[

-0100V I150V
4200V 250 V X 0.8
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ideal tracking resolution ey
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New designs of pixel structure

(a

)

Poly Silicon

Common P-stop

J I\

L UL
'

'l
=
Typel 3

e

Poly-Si bias-rail

n+

n+

Comm%n P-stop

—TaKya FECH— 2

Type27
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TestBeam at CERN in 2012

/ fay

e CERNSPS B
p 120 GeV/c pion beam ‘
P 4 DUTs in each batch
p 6 Telescopes “EUDET” for tracking

® Non-irrad. sensor (KEK18 -21)

® Thickness (Sensor/ASIC): 150 / 720 um
p Hit Efficiency Pixel Map (Overall eff "99.7%) @400 V (full dep.]

(a) Poly Silicon||Common P-stop (b) |Poly Silicon, |P-spray . .
T T T CERN non-irrad (KEK19) DESY non-irrad (KEK41)
g s T T T T
E o f Siniluinied E —Z ¥
¥ 1 4 wo j E - B . .Y
s i ow 1 ]
oE | e miee
- E R A I B B
- i e o T B S
- ) 3 o 5Tl E s
b ——
(c) Punch Through|/Common P-stop (d)f Punch Through||P-spray ocern = 4.5 +- 0.1 Oppsy =23.2 +-0.2

| =l ) eteny s il by o
A o . -2) Structure has caused inefficiency region

i) P-spray
i) PT
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TestBeam at CERN in 2012

® Irrad. sensor (KEK32- 34)

® Irrad. 1x1076 neq/cm2
® Thickness (Sensor/ASIC): 150 / 720 um
p Hit Efficiency Pixel Map (Overall eff "97%) @1200V

Charge Collection Efficiency Charge Collection Efficiency
'|"'|'"+;i-"'|"'|"'|"'g'g' L L B L
[ i g | 3
# T 1>
: (ENRTE B S Bt
i A g 8870
Hlt EfﬁClency -_ %k + + +_-$ 06:— *g —— KEK19: PolySi / common P-stop -I Bias_r\ail
LA B B B L R S . A A L A (L S SN R S B R L R - * E L KEK32: PolySi/ common P-stop
’ L +'< % 1 B : PT/P-spray
. [ 1y o 0.4/ e i SN x effect
03 <€— PolySi/P-spray ! AT I« L e——
08 - f | 0 100 200 300 400 500
o -|||||||||+t||||||||||| '-O X[Mm]
07 e PolySi/P-stop ST e ey
0.6 —4— KEK19: PolySi/ common P-gtop
KEK32: PolySi/ common P-ztop
05 ——4— KEK33: PT/P-spray A A S S S A A S P S A AN
—34— KEK34: PolySi/ P-epary % . . .
S —— % ¢ |) Inefficiency at pixel boundary region
——— e ek Xl i 2) Structure causing inefficiency region
il | i) P-spray
—\ y i) PT
- 3) Bias rail and PolySi register have caused
KEK34 ':

- inefficient charge collection
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Non - irrad.

TestBeam at DESY in 2013

® Before Irrad. (in Aug.]

Pixel Structure: Type10 (KEK 41)

Tuning: Threshold 2400e ,ToT 7at10ke

One reference plane

4
4
p Thickness(Sensor/ASIC): 320 um/ 150 um
4
4

® After Irrad. (in Nov.)
Pixel Structure: Type10 (KEK 46])
Irrad. 4.18x107° ngg/cm?

Tuning: Threshold 1800e ,ToT Satake

4
4
p Thickness(Sensor/ASIC): 150 um/ 150 um
4
4

No reference plane

TOKYO TECH

(Setup in Nov.)

® Reconstruction: Eutelescope vO0-09-03

o Analysis: TBmon release.2

z [mm
Aug. 0 20 303.5 452.5 594.5 877 897 980.5
Nov. 0 25.0 305.0 500.0 590.0 795.0 820.0
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Type 10 Before Irrad.

® DBias Voltage vs ToT
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® Bias Voltage vs Vcal
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Type 10 Atter Irrad.

® DBias Voltage vs ToT ® Bias Voltage vs Vcal
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Comparison with Type10 and P-spray

® TestBeam at CERN in Sep. 2012 (a) Poly Silicon, Common P-stop
s 50 , ,
o — o At 125 um ,central, Type10 -I- At 375 um ,central, Type10
E B o At 125 um ,boundary, Type10 op At 375 um ,boundary, Type10
(?f | o At 125 um ,central, PolySi/p-stop @ At 375 um ,central, PolySi/p-stop
qc_) 40 [ """" O At 125 um ,boundary, PolySi/p-stop O At 375 um ,boundary, PolySi/p-stop
% : ' [ | At 125 um ,central, PT/p-spray At 375 um ,central, PT/p-spray
GCJ — ] At 125 um ,boundary, PT/p-spray At 375 um ,boundary, PT/p-spray (d) PunCh Througha P_Spray
_ B At 125 um ,central, PolySi/p-spray At 375 um ,central, PolySi/p-spray
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