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IBLL Mechanical Design

Stave flex - half stave read-out

CO2 cooling

(-40°C)

Carbon-fiber stave

'@ Average radius of 34mm with a 9mm

- envelope
& Pixel size (¢,z): 50,250 um
2 1.9% Xo

5 n|<25

® Hermeticity ensured with an overlap of
1.8° between staves

'm 250Mrad TIF and 5*10'5 neqcm2 NIEL

|
@ Composed of 14 staves

l
~® 2 Sensor Technologies: e
Planar, 3D 8.
< FE+

3D sensor

= New FEI4 - 32 chips

per stave - 448 in total =.
~30 000 pixels/FE

A ¥
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IBLL Mechanical Design

'@ Average radius of 34mm with a 9mm

Stave flex - half stave read-out | envelope

: , | Pixel si ,Z): 50,250
COZ2 cooling \ s\ ixel size (¢,z) Hm
(-40°C) / = 1.9% Xo
e " |n|<25
. B & *“*"‘/Igmwmﬁozn;Sensor ® Hermeticity ensured with an overlap of
Carbon-fiber stave R\ . 1.8° between staves

\c..,/.m, '@ 250Mrad TIF and 5*10'5 negcm2 NIEL

‘& [nstallation completed in the 2013-2014

R40 [BL outer envelope

R27.3 - bean pipe envelope

shutdown

|
'@ [ntended to operate until the e
‘ end of phase 1 (55() fbl) o
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on Test
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Module Reception Test

Aim to check the functionality of modules after the shipment from the production

sites to the loading site. The procedure consists of:
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Module Reception Test: Optical Inspection

Aim to check the functionality of modules after the shipment from the production

sites to the loading site. The procedure consists of:

® QOptical Inspection » Modules Integrity

» Particular attention to: wire bondings,
fiducial marks, HV pads

» High resolution pictures saved for reference

Microscope+Digital Camera Extra Microscope
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Module Reception Test: Electrical Test

Aim to check the functionality of modules after the shipment from the production

sites to the loading site. The procedure consists of:

® Electrical Qualification » I-V Curve (FE on/off)
» FE operation-tests (HV on/off)

GPIB - ; module
. HV adapter
Two alternative Readout System : LEMO card #1

USBpix
burn-in | card #2
adapter ’ ethernet
(o7-1 o I I module

4 RC E (S LAC) — LV adapter

card #3

module
adapter

» USBPix (Bonn)

Multi-10
board

module
adapter
card #4

climate chamber
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Module Reception Test: Electrical Test

Aim to check the functionality of modules after the shipment from the production

sites to the loading site. The procedure consists of:

& Electrical Qualification » I-V Curve (FE on/off)
» FE operation-tests (HV on/off)

Two alternative Readout System :

» USBPix (Bonn)

» RCE (SLAC)
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Module Reception Test: I-V Scan

m Check for sensor damages

®m Measurement of the I-V curve with FE
on/off

m Different for 3D and Planar sensors

m Expected leakage current @ operational
voltage: 2pnA

m Expected breakdown: >120V for Planar,
>35V for 3D

Current [A]

\

x10°
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"ATLAS Internal
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3D CNM
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Module Reception Test: Digital and Analog Scan

fe;%ﬁck thrlggr?clald
tune tune
m Test the readout chain and detect the Ty il

Vinz g
defective channels P

(bit 8)
|
1

Cf1 =17fF

Pad
Preamp >—|
C=52fF
Cinjt Cﬂda?l\ ¢

| leakMon

(bit 7) Injo If1 (bit 6)

m Injection of a large test charge to each “l Analog

pixel. The result is a map with the

OCCUPANCY

occupancy of each pixel

m To disentangle errors between the analog
and digital readout chains a digital test
can be used
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Module Reception Test: Threshold Scan

B Measurement of the threshold and noise
(ENC) of each pixel

@ A certain number of pulses is generated
for different values of the injected charge

| The fraction of hits as a function of the
injected charge is the convolution of a
step function (ideal case) and a gaussian
(noise)

®m If there’s no difference in noise between
HV off and HV on, the bump pixel is not
properly connected

Preamp

FDAC local TDAC local
4 Bit| feedback 5 Bit] threshold
tune tune
Vi t

o— + +

(bit 8)
|
Il

Cf1 =17fF

I[eakMon
EN (bit0)

Cinjt |Cin2
(bit 7) Injo

For every pixel

fraction passed hits

Injected charge

J
T
—
—

:
]
v
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|
!
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I
I
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Module Reception Test: Threshold Scan

B Measurement of the threshold and noise
(ENC) of each pixel

@ A certain number of pulses is generated
for different values of the injected charge

| The fraction of hits as a function of the
injected charge is the convolution of a
step function (ideal case) and a gaussian
(noise)

®m If there’s no difference in noise between
HV off and HV on, the bump pixel is not
properly connected

Stefania Stucci

I[eakMon

0 1000

50

FDAC local
4 Bit| feedback
tune
Vi

o— +

(bit 8)
|
Il

TDAC
5 Bit

+

Cf1 =17fF

Preamp

Cinjt |Cin2
(bit 7) Injo

2000

Dig_En (SR bit)

S-Curve

local
threshold
tune

EN (bit0)

electrons
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ATLAS Inter

~ S-Curve reconstruction
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Module Reception Test: Threshold Scan

B Measurement of the threshold and noise o local o2 local

4 Bit| feedback 5 Bit] threshold

(ENC) of each pixel " une tne

o— + +

(bit 8)
|
Il

Cf1 =17fF

I[eakMon

@ A certain number of pulses is generated Pac
for different values of the injected charge i

(bit 7) Injo 11 (bit 6) Dig_En (SR bit)

avca

EN (bit0)

S-Curve electrons
1000 2000 4000 5000

B The fraction of hits as a function of the ATLAl'SInternél ' A

injected charge is the convolution of a S-Curve reconsiruction
step function (ideal case) and a gaussian T R
(noise) f Threshold = Qs

- ENC = (6% — o6%)
| [f there’s no difference in noise between : N (Qee)— Nok(Queor)

HV off and HV on, the bump pixel is not SO T S J |

10 20 30 40 50 60 70 80

properly connected
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Module Reception Test: Threshold Scan

B Measurement of the threshold and noise o local o2 local

4 Bit| feedback 5 Bit] threshold

(ENC) of each pixel v L R e

(bit 8)

H MonHit

(bit 8)
Cf1=1 TfF .
Pad EN (bit0)

I[eakMon

@ A certain number of pulses is generated
for different values of the injected charge s

inj1 |Cinj2
(bit 7) Injo it (bit 6) Dig_En (SR bit)

avca

_IIII]II[IIIlIII]II[IIIIIII|I[I|III]III

“ATLAS Internal _ [penarcis

[ ]3p cNm

B The fraction of hits as a function of the

injected charge is the convolution of a = .
- Work in progress

N
(o)
o
o
o

step function (ideal case) and a gaussian

Number of Pixels per 20e

N
o
o
o
o

(noise)

B If there’s no difference in noise between
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Module Reception Test: Threshold Scan

B Measurement of the threshold and noise o local o2 local

4 Bit| feedback 5 Bit] threshold

(ENC) of each pixel " une tne

o— + +

(bit 8)
|
Il

Cf1 =17fF

I[eakMon

@ A certain number of pulses is generated Pac
for different values of the injected charge i

(bit 7) Injo 11 (bit 6) Dig_En (SR bit)

avca

EN (bit0)

T T T T | T T T T I T T T T T T T T | T T T T

"ATLAS Internal [ Pianar Cis
- [ ]3p cNm
| 3D FBK

B The fraction of hits as a function of the

injected charge is the convolution of a I .
- Work in progress

step function (ideal case) and a gaussian

Number of Pixels per 4e

(noise)

B If there’s no difference in noise between

Illllllllllllllllllllll

HV off and HV on, the bump pixel is not

oII]|[|IIIII|III|

properly connected Noise fe]
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Module Reception Test: Threshold Scan

tune tune

B Measurement of the threshold and noise oca oca
it| feedback it| threshold
(ENC) of each pixel

+ +

(bit 8) ‘

M A certain number of pulses is generated
for different values of the injected charge

(bit 7) Injo

@ The fraction of hits as a function of the C ATLAS Internal - e
injected charge is the convolution of a n T e
step function (ideal case) and a gaussian

Number of Pixels per 4e

(noise)

B If there’s no difference in noise between

Illllllllllllllllllllll

HV off and HV on, the bump pixel is not

oII||IIIIIII|III|]II

L I _ Il L Il Il
200 250

properly connected Noise fe]

|
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Module Reception Test: Crosstalk Scan

# Coupling between pixels can result in a hit
detected in a neighboring pixel.

@ The charge is injected in two over next

pixel size, while only the pixel in between

is enable for readout

® Can be caused by shorted bumps

sl i)
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Results: Module Reception Test

455 modules tested: 273
Planar + 103 CNM + 79

M Planar Loaded
FBK

“ Planar Rework
Planar Left

“ CNM Loaded
CNM Rework
CNM Left

M FBK Loaded

been rejected due to FBK Rework

" FBK Left

No modules rejected ad the

optical inspection stage

Less than 10 modules have

functional 1ssues

Lowering in the BD value
observed for few modules: a
penalty was added to the

initial ranking
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Results: Module Reception Test

The minimum BD value for planar
sensors 18 130V

The 95% of planar sensors have BD
values greater than 200V

- rrrrrrrtrrrrtr 1t 1Tt 7 T [ T

CATLASInternal \] Planar CiS

Number of Modules

FBK sensors has BD mean value of
42.5V

oo
o

(o)}
o

N
o

CNM sensors present a flat distribution
between 20V and 105V
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14 CNM module present a resistive Voltage Breakdown [V]
behavior

Stefania Stucci Fribourg - 1.07.2014



Stefania Stucci

x10°

Stave |-V
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BadModule
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Stave Tests Setup

HSIO g/ RCE g PC
B
@ Temperature sensor

1]

—

*

h

Thermal Cycling

Optical Inspection

Electrical Test (LV, HV)

Sensor Crosscheck (IV)

Individual Module and Global Stave Response
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Stave Electrical Test

362
0.205
een double planar

-
o

ToT Mean [bunch crossings]

_ x10°
Stave |-V

m M4A| A8, A7

Threshold Mean [e]

m M4C|C8, C7

7.2
d mean [e]

a2 [
8 1
7.1

sigma thresho!

I ———— |
0 50 100 150 200 250 FEID
HV(V)
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Results: Stave QC

® [-V performances coherent with the
module reception tests

ATLAS Internal X Pianar Cis
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Results: Stave QC

T I T T I T T I LI LI I T T

T T l T T T T
ATLAS Internal " planar Cis

- [ ]apcNm

® ENC mean value for planar
sensors around 130e. Slightly
higher for 3D sensor due to the
larger coupling pixel
capacitance

® Noise value not affected by the
loading procedure

Number of FE/3e

L
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Results: Stave QC

ATLAS Internal

Failing S-Curve
Bad Analog
|Bad Digital

Bad Pixels (%)

m [ess than 1%o bad pixels per stave
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Stave Loading

* Production started in March 2013 and finished in February 2014
* 2 main production parts
* Mar.13 - Oct.13: before observation of corrosion
* 12 staves built
* Oct.13 - Feb.14: after observation of corrosion

* no more Thermal Cycle, 8 staves loaded + rework after DSF

Workflow of the activity in Geneva Laboratory

~ e stave Loading

S Rework after SR1 QA

| Rework after DSF

!

1

|

---II--II--1I>

N W By Y W

T l. )
Mar1i3 Apri3 May13 Jun13 Juli3 Agoi3 Sep{'3 Oct13 Novi13 Deci13 Jan14 Febi4

' Time

A Miucci : Corrosion Observed }




Atlas Inner Detector and LHC Program

https://www.youtube.com/watch?v=LGAIly8wfhC4

M Transition radiation Tracker
- K Semiconductor Tracker

Pixel Detector
| | Expected
—= ‘ - | luminosity

21202 2505
2710 21152 17714

1399.7

Operating since 2009 with an integrated
luminosity <30 fb!

—

Phase 1

LHC upgrade: higher Luminosity and Energy
14 TeV & 2.103* cm™?s™!

More than 300 fb-! and 8-12 years of time life +

Luminosity effects m'—ﬂ-'—*}

Complete new ATLAS tracker pixels and strip detectors



https://www.youtube.com/watch?v=LGAly8wfhC4
https://www.youtube.com/watch?v=LGAly8wfhC4

Corrected Isolation Upgrade

UPGRADE THE CURRENT PIXEL DETECTOR WITH A NEW 4t INNER LAYER WITH FINER SEGMENTATION: IBL

Motivation: —i ‘iﬁéﬁ‘l:!hﬁé

Run Nu

a Luminosity Effects
® Tracking Robustness

® Tracking Precision




IBL. 1n Atlas

UPGRADE THE CURRENT PIXEL DETECTOR WITH A NEW 4t INNER LAYER WITH FINER SEGMENTATION: IBL

Motivation:

a Luminosity Effects
® Tracking Robustness

® Tracking Precision

<> ATI AC Run 152166
\ Y Event 817271

P EXPEKIMEN)

\
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v
<
\ —_—
\ 1 ~

-
\
Y

b-tagged jet in 7 TeV collisions

LHC HIGGS XS WG 2011

—
W\
—

—~

Higgs BR + Total Uncert

| llIIIIII

400 500 1000 A\ et
My [GeV] | \ P, =19 GeV (measured at electromagnetic scale)

4 b-tagging quality tracks in the jet




Module Reception Test

Purpose: Set a uniform threshold along the
| module close to the target threshold of 3000 e-
Description:
® Threshold needs to be globally adjusted for each
FE to the target threshold (GDAC)
® Two algorithms in USBPix:
= Fast one: inject the target charge and use
a binary search to adjust GDAC to a
average occupancy of 50%
= Slow one: performs full threshold scans
for several GDAC settings and extrapolate
the GDAC value close to the target
threshold | S
8 Pixel Tuning (TDAC, FDAC): process similar to the Trehsoa meen

global one. Again there are two algorithms: fast and
slow ones

The threshold tuning is affected by the ToT tuning.
| The TDAC will be repeated to re-tune the thresholds
| after the performing the ToT tuning

3000

2500 2600 2700 2800 2900 3000 3100 3200 3300




Module Reception Test

The wmodule RT aims to check the functionality of wodules after the shipment from the production sites
(U. Bonn and INFN- Genova) to the loading site (U. Geneva).

Microscope+Digital Camera ,
rOp’ﬂcaI Inspection | Extra Microscope
'm General high resolution picture and | ’
inspection

m Microscope inspection and pictures taken of
critical regions and defects if observed

a Fiducial Marks, Wire-bonding pads
(on module-flex and FE sides),
bonded wires, wire bonding feet and
module flex contamination

‘LH V Pad
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Stave Electrical Test

m Connectivity & Powering tests
m Temperature & Humidity check

m FE operation-tests (individually, sector by
sector, stave)

I m HV (on/off): Digital & Analog tests,
" Threshold

|-IV

|

Plug the
stave

Turn on
cooling & dry
air

Power 1 FE
Sector

Check the

Switch off
temperature

Check the Configure
temperature the FE

Configure
1 FE Sector

—a

Analog, Digital, Analog, Digital,
Threshold Scan B Threshold Scan

IS N7
N &7




..now let’s “tAste” a stave in 3

diffevent way!!f

> - . _— ‘
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