The Future Beauty

LHCb Upgrade |l with the Mighty-Tracker

Klaas Padeken
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The Upgrade Il Detector (2034)

Magnet Stations

Without a major upgrade to all detectors LHCb will not
be able to run at these high luminosities.

Side View

TQRCH
RICH?2
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LHCb Upgrade I
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Velo

* 4D tracks with <20 ps

* 1.2 x 10" tracks/cm? at r=1cm
uT

* HVCMOS

* 9.0 Gbps

Magnet Stations

* new

MT/SciFi

* next slides

RICH

* 50ps timing

* SiPM (higher resolution)
TORCH

* new (20ps timing layer)
ECAL, HCAL

* SpaCal+Shashlik

* time + space resolution
MUON Stations

* higher granularity

* maybe shielding
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Goal of the Upgrade

*  More statistics
* Higher Precision

— Better Physics Results
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The Upgrade Il Conditions (2034) P
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The Upgrade Il Conditions (2034) P

Run 3-4

2x10%¥ cm=2 s

50 fb-

<p>=7

radiation hard

Run 5-6

1.5 x10% cm=—=2 s

250 b
<u>=350

Current detectors will
not work in this
radiation enviroment

| Strearhless Readout

acceptance n=1.9to 5

SR N
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Streaming Readout

LHCb uses no Hardware Trigger
All data is processed and reconstructed

LHCDb is the experiment with the worlds
highest bandwidth output!

LHCDb now is at the level of the coming
ATLAS and CMS upgrades ~O(TB/s)

We will have to 10TB/s in LS3 (new RICH
and ECAL

For Upgrade Il in LS4 we expect a
Bandwidth requirement of 25TB/s

SR N
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Upgrade Il Velo

Side View
M
Magnet & _ | uon_ —
Magnet Stations TORCH PicoCa =
Mighty = RICH2
Tracker I = i
| -

LHCb Upgrade i
LHCB-TDR-026
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Velo Upgrade

==}
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Keep 10um impact parameter resolution:
e 28 nm Hybrid ASIC 20}
* 50 ps time timestamps per hit al
* 50um pixel pitch 3D sensor
e 170Ghbit/s output for the hottest ASIC
(direct to VTRx+) i
e NIEL: 101 1MeV r']eqlcm2 200 0 200 400 600 800
* TID: 400 MRad

ymax=10418 mm
1 o

* Reduced RF shield (75um w.r.t. 250um Al)

% .ﬁ e CO; cooling with p-channels or 3D printed Ti




Upgrade Il RICH

Side View
Magnet & . Muon _
Magnet Stations TOR: icoCal =
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RICH 1

3- 65 GeV PID
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Main upgrade: Readout and Sensors

LHC Run 3 Sensor FE ASIC FPGA Lld=Opticallink LNt sF:10 -1l
MAPMT CLARO Kintex 7 GBT Versatile Link PCle40
Sensor DC Optical link E Back-end
LHC Run 4 MAPMT FastRICH EJGBTIVL+ ” PCle40(0)
Sensor DC ofoile=IFI1le Tl oCi Back-end
HL-LHC Run 5 | SiPM / MAPMT / MCP FastRICH E)GBTIVL+ PCle400

e 100 ps photon resolution (FastRICH electronics)

48
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e PMT - SiPM or MCP-PMT (higher granularity)

Planned Rich2 readout

LHCB-TDR-026

13



Upgrade |l ECAL

Side View
M
Magnet & _ uon_ —
Magnet Stations TORCH PicoCal =
Mighty  _ RICH2

Tracker

(n

LHCb Upgrade i
LHCB-TDR-026



PicoCal

o(E)/E =10%/VE®1%

* O(10ps) timing

* Higher Granularity

e Spaghetti Calorimeter (SpaCal)
* Absorber (inside to outside):

* Tungsten

e Gadolinium Aluminum Gallium Garnet

e Lead

[ scintillator I mirror

I absorber 1 light guide

&= =

[ .

front
—» Beam direction

Kk

back

Y [em]

300

200

100

-100

-200

-300

Cell size

48

UNIVERSITAT

Cell size

Boai.
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Upgrade Il Tracking

Magnet &
Magnet Stations

RICH1
UP
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LHCb Tracking

Mighty Tracker

3
LHCB-TDR-026
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reconstruction of hadron decays

* many final state particles
* high pointing precision
the highest efficiency possible

2 many layers

long lever arm

2 |imited by the cavern

high resolution

low material budget

17
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Upstream Pixel

e 4 Layers

e Monolithic Sensors

* 9 m?active area

e 74 (34) MHz/cm? at 4cm (6cm) from beampipe
e NIEL: 3-10% 1MeV ne,/cm?

e TID: 240 MRad

Planned to use the same sensor as Mighty-Pixel and
probably similar module design
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Upgrade || Mighty-Tracker

Side View
M
Magnet & _ uon =
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The Mighty Tracker

e Mighty SciFi tracker for the -
outside 12 layers in 3
stations (320m?)

e Mighty Pixel for the high
occupancy regionsin 6
layers (12.6m?)

4476

21




Problems: UNIVERSITAT!.m.
I\/l |g hty—Tra C ke r * High occupancy

Mighty-SciFi * High radiation environment

Mighty-Pixel * Tracking efficiency
Solution:

e * Cyogenic cooled SciFi

* HV-CMOS MAPS in the central part
] * 6 Layers in 3 Stations

* 13 m?area

* HV bias 100-200V

* High granularity (50 x 165 pum?)

* Low power < 150mW/cm?

* High timing resolution < 3ns

e Radiation Hard > 3-10%4 neq/cm2

* Low material budget <2% of total
radiation length

Cheap 2






48

el N IVERSITAT

SciFi Working Principle (Current SciFj) s

* Very successful application to
instrument a large area
* Low material budget
(X/Xo < 1% per detector layer)
« XUVX layout (£5° for U and V)
* Main complexity to produce
homogeneous fiber mats
e 70 um resolution

Module:
Long fibers
Minimal support material

\

Pr TN
~-~_ A"

~8000 photons per MeV

200 keV per mat
~1000 photons

/—\’—\f—\f\/_\/r
1

5
FNA NN NN NN NN

: #’WM'WV

24
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SIPM Challenges Unirradiated SiPM:

o 1MeV neutron Eq. fluence/cm?2 for 50fb-1 (100mb) s Dark COUnt Rate (DCR) ~ OO4MHZ

| | | | | | |
Expect 610" n, /cm?
400 —
te+13 = DCR 550 MHz at 20°C
200 — - '_'10 _ etttk M Ml
I Oose 310 ngem [ s
= =[] — Dose=610""n.Jcm’ | i~ I N N
S 0F 7 Te+12 (T . —e— Dose = 12°10" Ny /CM?|._ioooooooooooo e e
S 2 . . . . . ] .
10% =
200 |- — -
1e+11 ................................................................................................................................
-400 — - 7 R I L
-600 ' ' ' ' ' ' ' 1e+10 5 . R S—
-400 -300 -200 -100 0 100 200 300 400
X(cm) o SUUUS VUSRS SUSUUN WSS SN SRS S SO
I el
1|IIII| IIIIIIII |IIIIIIIII|IIII|IIII|IIII|III

Temperature[°C]

You expect ~ %2 DCR per 7K - Cryogenic temperatures

x3

25
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|

Cryogenic SciFi

Goal is a “noise free” detector
Challenges: cryogenic cooling for a larger
tracking detector

Fiber bending at the end

Thermal insulation of the coldbox
Use 2-phase N,

About 2-2.8kW cooling power needed
First test show great promise

SR N
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Why do we need the Mighty-Tracker O [y—

- N | ' ' ‘ T - -
S 0.16F =
= = Upgrade II: s
L 0.14 E Inst. Lumi= —]
G.;_‘J B 2x103¥cm=2s™ ]
S 0.12 | -
1= = :
: 0.1 i
@ 0.08 == =
% 0.06 = =
S 004 E
Q - ]
S 0.02F =
ok l - =
2000
X [mm]

LHCB-TDR-023

| The number of hits/fiber/event is too high to allow efficient tracking

Need to have a higher granularity in the central region.

SR N :




Mighty Pixel

Large Scale CMOS Pixel Detector
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HV-CMOS

* One of the main drivers of

the project is the size of the
silicon area In-time efficiency > 99% within 25 ns window

Design Specifications:

Timing resolution ~3ns

* MAPS chips are limited to
~2x2 cm? (foundry) Power consumption |< 150 mW/cm?

Pixel size <100 um x 300 pum

Radiation tolerance 3x10* 1 MeV neq/cm2

* The most critical points are:
* In Time Efficiency

* Power Consumption
* Radiation Tolerance Compatibility with the LHCb readout system

Data transmission 4 links of 1.28 Gb/s each

LHCb-INT-2019-007, 2019
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A Short History of the Mighty L
18m? 13m? Current design
FTDR Scoping document This is what we can build | | |

18m?
Some Silicon are

i

Fully integrate
silicon into the
fiber planes

SR N

detailed ideas for readout

This is what we can afford

H‘ H il
P
- - = §/
< 3 g i //

(
| M I R RRAEL |
1]

Separate silicon
and fibers Support structures

Ohh and we are designed and
have to be cold clear budget ]

Cooling solutions
and auxiliary
electronics are
realistic

31
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One Layer 2.4m?
2 Layers per station

Mechanical Layout 6 Layers in tota

el N IVERSITAT

757.20 _
‘ “ ‘ it r H‘IHH‘IH‘
t)

YL 00 Il x[ ALTIAY ) i

RIRRREAREENR RIRIRAERER T
* Module width given by the eamhole (26cm)

* Shape follows the highest acceptable occupancy in the fiber region

* Readout is moved out as far as possible from the hottest region

SR N :



Modules

Front View

* Footprint: +200 ym

400 _| |

Back View

Cut-Out for the module
interconnection (both edges)

425.00

* Front and Back have 4 and 3 rows

» Active area ASIC is assumed to be
~18.6mm - fully covered area in x

 Gap iny ~200um per sensor
(active area)

e T —shaped cutout

 Various readout board positions
thinkable

A Front View Back View 33




Module Stack

FlexTape with Chips }

CF-Sheet

Baseline Ti Tube
w. Foam No Foam

Nomex Ti Tube

Readout Flex with
/| HDI

Ti Cooling Pipe

cF
s
Foam 6
Armafiex

Glue

co2
FrontEnd(Cu)
T 51
Mean 2.12 % Xo

x [mm] x [mm]

[l

Nomex:

PG

Armafiex

Glue

o2

Foam
FrontEnd(Cu)

T

Mean 2.29 % Xy

Square Ti Tube
No Foam

Nomex

Glue

Si

TPG

Armafiex

o2
FrontEnd(Cu)

T

Mean 2.23 % Xo

10 +

34

x [mm]



Cooling

Baseline two phase CO,

The natural detector layout
favours a colder beamhole area
For -10°C at chip = -25°C
coolant

Sensor power dictates the
number of cooling lines

| 1 1

AT(K)

20.0

— 0.3W/cm?
17.5 -H——0.15Wfcm?2
— 0.1W/cm?

15.0 ~

L=

10.0 +

1.3

5.0

2.5 7

0.0 -

35
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DAQ Concept

TFC Master
(SODIN)

Y

A

Control Boards
(SOL40)

DAQ Boards

(TELL40)

downlink| |uplink
2.5 Gb/s| |5 or 10 Gb/s

A

Y

elink

A

Control/Config/Monitoring

Versatile \Versatile
Link Link
A k

) 4
»
B Ll B4
Ele £
IpGBT ] ] IpGBT
eLink | ClockgizCM| eLink
A A A
data
12C out
4 > slave
Clocks
L.
»~
MightyPix

Surface

Underground

Diagram from Karol Hennessy

UNIVERSITAT

Triggerless readout — All hits have to be shipped out of the Detector!
The readout speed and number of links will be be adjusted to the
expected occupancy

Hottest chip: 1.7hits/25ns - 17MHz/cm? ~3Gb/s per chip (+margin)

— we need more than one link

B3 320Mbps

640Mbps
1280Mbps

37




Link Optimization 4flavours |

e To build the modules one wants to
reduce the number of module flavours

e This is especially important, if we use
the same flex/connector everywhere

3 flavours

2 flavours




MightyPix _l ’____r-.ﬁ_ﬁr}'li‘m

F7 Data Sew@ﬂﬂ -_.:__;"T""fe_.hmd M "
V777 | u UNIVERSITAT
How to Connect? pumm

: "‘lﬁf‘!‘lﬂl”l\‘h‘\‘\“\\“‘\\\\‘\
° Wil’ebond - ._";-‘._“m,“t“.‘ (\

* One time connection 2

* Low material budget

* Sensitive
e Splab

* One time connection O
* Needs Al-Flex OQ "ﬂ'g;f;j& E

&

* Connector @fb

ALICE TDR 17

* Connections possible multiple times
* Unsecure connections

* High material budget

ATL-COM-ITK-2021-017 39



https://cds.cern.ch/record/1625842
https://arxiv.org/abs/2105.10367

HVCMOS
Sensor Design




MightyPix1 Design Specification

Chip size: 5 x 20 mm?
Pixel matrix: 29 x 320
Pixel:

e 50x165 um?

*  CMOS amplifier and CMOS comparator (~3ns Resolution)
*  Data format: 2 x 32bit per Hit

* Digital Interfaces:Timing and Fast Control (TFC)

Slow Control (12C)

«  Shift-Register Interface (SR)

*  Clock Generation:

External: 640 MHz and 40 MHz from IpGBT

* Internal: CML and CMOS PLL with 40 MHz reference clock (planned
to be used in LHCD)

Bias Voltages:
* Integrated 10bit voltage DACs
*  Supplied externally

« HV>120V possible
Data output 1 x 1.28Gbit/640Mbit/320Mbit

NIEL 3 x 10™ n_,/cm?

B,

UNIVERSITAT
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Layout for MightyPix1
(1/4 of full size)
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Boai.

Hlt Rate SImU|aL on Expect a Hit rate up to 17 MHz/cm?

S. Scherl (KIT/Liverpool) MightyPix 1 should work up to 20 MHz/cm?

50 - - ——— 1 - 1
5 10 15 20 25 30 35 40
Hit Rate (MHz/cm?)

100 ==
: MightyPix 2 will work up to 32 Mhz/cm?
q) -
) ® . . .
2 S Probably further reduction possible with less data
i
£ g0- Lo
3 I
o
£ 701 Q-: _
: 2 31MHz 5
L - S
s 2
—e— Efficiency MP1 E
—=— Efficiency MP2 =
i
<
A
w

0 20 40 60 80
Readout time (us)

SR N :
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H lt Rate SI mu |a 1on Expect a Hit rate up to 17 MHz/cm?

S. Scherl (KIT/Liverpool) MightyPix 1 should work up to 20 MHz/cm?

100 v
: MightyPix 2 will work up to 32 Mhz/cm?
b -
+ - . . .
2 S Probably further reduction possible with less data
T
£ a0 L. —
> I T ; = We will have a sharp drop
g Ik .+ ° "+ atthe maximum hit rate
& 70- .
& . 32MHz 5
i - i 8
| 5
60 1 : ; 2
—=— Efficiency MP1 , , , — =
—=— Efficiency MP2 =3
50 . . e ; , ; 5 i =
5 10 15 20 25 30 35 40 c 104 5 2
Hit Rate (MHz/cm?) = i &
O ; v
109

0 20 40 60 80
Readout time (us)

SR N :
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o

I\/I |g hty P |X 1 ) Lab measurement

c - L. Dittmann(Heidelberg)
2 0.08 F Row & Timewalk ﬂ Work in progress
= _F Corrections | — MightyPix
) . . 20.07__ HV=-180V
There is a problem with the configuration of the MP1 > E HV =-180V s o e
'50.06 F —— u=325ns
— could be roughly fixed by FIB surgery G : ' 6 =4.74ns
0.05 F $
0.04 —
The time binning is rough 0.03 F
4.74 ns measured — ~ 2.9 ns intrinsic uncertainty . _
N’ 0.01 F
Power consumption 234 mW/cm? (scaled to full chip) » | | | |
B0t -100 -50 0 50 100
thit — trer [ns]
Due to chip repair we can not use this chip in the testbeam Many Thanks to our coIIeagues
— Same analog pixel design in TelePix 2 (% the pixel size) from DESY, KIT and Heidelberg we
% ‘Q are validating this with the TelePix 2
45




elePix

*these sildes will not be uploaded since m
DESY is preparing a publication soon L

e Sensor designed for DESY testbeam as telescope sensor
e Same analog Pixel (with half the size) as the MightyPix1
e Workhorse to get our DAQ infrastructure up and running (very

successfully) thanks to the basil framework and support from SiLab

We could get started with the basics:

TelePix preliminary
S-curves for 48000 pixel(s)

1404 ~
104
120
100 10°
> 0
S 80 X
=9 o
2 k3
2
S 60 10° 4
40
10!
20 -
0 100
140 150 160 170 180 190

# of pixels

ThPix/DACs

|
6000 1 =156.03 DACs
0=3.25 DACs

Failed fits: 10
5000
Fit results:

1 =156.19 DACs
0=3.20 DACs

4000 17 gaited fits: 10

w
(=3
o
o

0 - T T
140 150 160 170 180 190
Threshold/DACs

Tuning

TelePix preliminary
S-curves for 891 pixel(s)

u UNIVERSITAT

48

140 1

120 1

=
o
o

o]
o

Occupancy

(=2}
o

102

# of pixels

10t

10°

140 170
ThPix/DACs

180

190

Failed fits: 0

| Fit results:
H=154.62 DACs
0=2.87 DACs

| |Failed fits: 0

# of pixels

46

160 170
Threshold/DACs

180

H. Scl':ll?r?itz and N. Sommerfeld
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Time Resolution Measurement

Idea & Goal:
e To be in-time efficient (Hit within 25ns window) a time resolution

AT < 3 ns is necessary
What is needed:

Source and Collimator

» TS from chip - Part of data word 2 AT =Ty, To [ cipeorer |

e TS from reference layer - Scintillator with 2 SiPMs i
Procedure:

e HV:-120V chip biasing |
e Perform scan of “x” min with Sr-90 “Source

e Corrections: Row & column delay, time walk corrections

SR N :
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Time Resolution- Results

After 10 1MeV neq

O _aat A AANA

After correction 7 7’[d |ff_lot_cor 7

"red settings (~1.7 W power
ption, VDDD: ~0.7W & VDDA: ~1W)

_ - _ 146_tdiff_tot_cor_140554772142464
tdiff_tot_cor 22 Entries 10439
- 143 tdif_tot_cor_139972718825792 = 1400, _—Preliminary Mean 0,1486
40E B alimi ; ' | s e a - Std Dev 5,325
- Freliminary : : Stzag  otn 1200, — %2 | ndf 340,8 /93
40001~ ’ i ' a C Constant 1398 + 17,7
- ¥/ ndf 1619/ 139 - C Y
3500/ Constant 4401 + 247 1000, — Mean 0,1062 + 0,0
= Mean  0.02582 + 0.01396 3 C Sigma 2,881+ 0,0
3000— Sigma 2.941 + 0.010 - - __L—"— Uncorrected
- Et: 3 800._— —}— ToT + Row + Col
2500:— E - “——}— ToT + Row + Col + 5ns chip binning
= = _. 600 s —— ToT + Row + Col + 5ns chip + 2ns TL binning
2000 3 N
1000(— 5 E
E ' 200,—
500 -
= : . 2. C
05_.3""al,d"'én""zld":'m”'rlilll;?L'Lzln””slu””d,ln””50 Y AN I IR SRS N 7 NI TN o 5 WA IAFUT BV B , | | | | | ,
wif_tol_cor/ma -50, -40, -30, -20, -10, D, 10, 20, 3n,ldiﬂ ?(?t’ Gmmssn, & & @ & © &
- ThPix [DAC
Ti lution highly threshold dependent | -
® Ime resoluton ni resno ependaen
ghly P Fit fails if time walk is too large N. Sommerfeld and H. Schmitz

— No plateau
® Compatible with testbeam — ~3 ns w/o binning correction
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Moving Forward

TSI was bought and closed the 180nm HVCMOS production end of 2023
— thanks to the “standard” process we can go back to AMS

Will investigate LFoundry submission in parallel

Development Timeline

Main changes for MightyPix 2:

LFMighty . Chip submission

* Correct errors from MightyPix 1 MIgHEEI2 O crip submissipn
MightyPix3 . Chip submission
* Faster FSM (prob. 32Bit output) MightyPix Q chip submission

' Scopelng Document

l u2 TPpR

* Faster “slow” control to program the chips

Deliverables

= |
* Evaluate the AMS and LFoundry processes start preseries ]

25/01 26/01 27/ 28/01 29/01 30/01

SR N :




Keep the Goal in Mind!

Tracking Heaven Tracking Hell

% A possible upgrade during LS3 (2024/25)

= |nredlity it may more look like this 2

Up to 30%
X, extra
mdteria!,

TIFY Blba, 29 - 31 June 2017

%R 18

From 2019 Blake Leveringdon
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https://indico.cern.ch/event/790856/timetable/?view=standard#29-sci-fi-rd-for-u2

Summary

Plans

" Alot of work already done
Module Design in last iterations
Electrical DAQ layout being finalized
Sensor is fast enough
Scoping document published

Next step TDR

Testbeam with TelePix 2
Submission of MightyPix 2
Avoid Purgatory

Have a LHCb after LS4

48
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Mary Richardson-Slipper (Edinburgh)

> L L B L B L LR
> ]
= 0.06/— B.—~>pp U2 -
2 - B,—~uu U2 .
~— 005 B.~>uu U1l -
43 s B,~up Ul ]
2 004 ]
0
0.03F ]
0.02F —
001 -
O +7hrﬁf;7/%/v¢|/ p ! I | TR TR R v~ S N
5200 5250 5300 5350 5400 5450

M(utp™) MeV

51



Plans for Bonn

u UNIVERSITAT

e Wafer testing

— ASIC knowledge
— Wafer prober

e Chip to Flex (Sensor Modules)

FPGA setup

— ey

R

Mounting of 5 sensors on flex
Evaluating pick and place vs gig

Needed are ~5 Sensor Modules/day - 3 year production
Wirebonding or SpTab

QA

SR N :







LHCDb note 2008-055
LPHE note 2008-13

Survey of the Cables of the Inner Tracker

V Fave
EPFL

October 16, 2008

Abstract
The position of the cables of the Inner Tracker in July 2008 is

surveyed. The different steps from photo taking to XML
implementation are presented.

Klaas Padeken

UNIVERSITAT L]

For the original IT detector
it took many Students and a
lot of work to correctly
estimate the material
budget of all the services
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Power

Serial Powering

48

UNIVERSITAT

Boai.

Here we don’'t want to have the thick cables!

-

/ Sensor Bias (HV), HV switch per columr

1.
2.

Integrated MT module
|- : "HiskP SD

1.
2.

Serial Powering, 2 options:

Across 2 columns, 8 drops
Across 4 columns, 16 drops

Single HV feed to module
Dual feed for redundancy

l

cable crosssection (one direction)/mm?

(o0}

o

o
1

600 -

400 A

200 A

= Al one chain per side
== Al no serial

150 200 250 300 350 400
power per area/(mW/cm?)
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L\V-Power

« At the moment one cooling line is planned to cool 3.5-4 sensors
* This already creates a AT~10°C depending on the cooling pipe distance + AT~10°C

CF to sensor — Coolant to sensor AT~20°C

* Minimal Temperature that can be achieved with CO; is -30°C (we want -20°C),
which translates to ~-10°C on the coldest sensor — 0°C on the warmest senor
* Probably we want more cooling at the “bottom” of the module

For 12m? we need ~40kW cooling power 20,0

This fits nice with one CO2 plant (~50kW) 0.5MCHEF,; |

15.0 +

Heat E 1007
7.5 1

;-W

— 0.3W/cm?
—— 0.15W/fcm?

— 0.1W/cm?

T T T T T T T
10 15 20 25 30 35 40

o Oscar/Bilal

425.00
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https://indico.cern.ch/event/1406777/#8-insulation-and-operating-tem

Serial Powering { 1=
S sensors

* Integrated into the ASIC —H HH

* Backup: maybe external chip possible (factorize
problem)

* ASIC group of 5 would make a good power group
1.67A (up to 3.4A depending on sensor power)

* Use GaN FET (up to 700V avilable, maybe 2x 350V) to | [ ]
secure against HV failure

* Have to optimize cooling within one module
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Boai.

Module Prototypes

, <= Carbon fibre - Cocuring in Liverpool (~150um)

Carbon foam available for small samples

<— Carbon veil + Glue (Hysol + graphite)

Polyimide tubes
Lewvac, 2.822mm OD, 76um wall thickness
Microlumens can provide longer lengths (55” 2.54mm OD)

We will use Titanium tubes if we have to reach a low
temperature

Klaas Padeken 5g
Slide from O. Augusto (Manchester)
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Material Budget Baseline

Thickness Layers XO X/X0 Filling With Density Mass

um factor Scifi ~ g/em3 /em2  Cyrrent estimation per layer
Silicon 200 1 937 0213 1 :‘nasrflzsgoioa”rfg ?]uetlopncst;
Cooling tube 50 2 286 0.004 0.12 1.43  0.002
Carbon form 4200 1 185.65 0.226 1 0.23 0.097 Under investigation
Carbon fibre 300 2 2370  0.253 1 22 0.132 — warmer operation
Flex tape 340 1 0.356 1 171 o0o0ss — aluminum flex pcb
Glue 120 1 35.49  0.034 1 117  0.014
Armacell 12300 2 801.27  0.307 1 19.266  0.08 0.197
PCB 1570 1 17.0  0.185 02 6.422 244 0.077
SUM 31730 1.578 0.182 0.577

% Klaas Padeken 59



Testbeam results [ 4
e 4

UNIVERSITAT
June 22: Dec. 22:
With PLL (low stat. For irrad. sensor) W. 500MHz input clock
>\ 1.0 T ] T I ! ] ! I I ! T ] T i I 1 ] N >\ 1.0 | | ] T I 1 1 L ] 1 ) I ] T I T I 1 1 = N
R s o R W S G & Usirsadiated — = —|] G LT- — - — — R R s e S G 4= Unirsadiaiod — — — aw
5 = 1-10%1MeVn, - — ) I \ m 1-10%1MeVn, | =
D e 3.10“1MeVn, - 22 95% S o 3.10M1MeV n, g
£ 03 | e ] B B\ e g0 =
] =5° — Ao — T=5°C =
Sa I A — T=-10°C i 0 5 0.8 I N —— T=-10°C 8
R Thmes 40 B3 [ T £
o } \ Q o \ \ib = 10 -
PR kSN
: ‘\‘ u \\\Q‘\‘\ E : *\“\ Q\\ = 1
0.4 i1y - 0.4 - ;
W - i :
AT - i
I oy = 1 5 0.1
N E L\ ] - n ; . 3
02 B ll& \‘&\\ o \ - 02 B ‘\“-—o——r-.»—a——\:‘—t'“i:: BB
_ g “ Y ] E . ,Zf‘ PR e _3-_',—:{":—::’_:,. 1
_ ' *“*?!?:.*:?i:§$£§3553::3'»~ ' : RS S S o 40.01
O O -I 11 R T TR T T T N T T T ] T R R T P R T T B O 0 -l P S T N N TR TR TN T A TN TN S TR NN TN T TR T NN RN TR WA A SN T E
120 130 140 150 160 170 120 130 140 150 160 170
ThPix / DAC ThPix / DAC

AP3.1 shows a short operation range
Significant decrease in efficiency at 3-10'* MeV n, /cm?

rnal glogk (high frequency) recovers a bit the efficiency, but only with cooling some operation possible

Klaas Padeken 60



row correcti@u

In-time efficiency=hit within 25ns This is Wlthm UNIVERSITAT

a\ 10 ’ | I I I | | | | | | | | | | | IO ilnirr;diateld | ] 5\. 10 8 I I | I I I I I | | I I I I I I i | i I i
S - m 110% 1 MeVin, T S X i ?“ir.f?f ﬁ\iv ny
;g 09 | § %':g?,‘élMeV"w -] § 0.9 :— ® 31041 MV, —:
= - —— T=5°C 3 am i —— Egg ]
O - S ESE . g : —— T=10°C )
£ 0.8 e = 0.8 -
& C ) = _ i
So07f : = 07F .
G E 0.6 .
92k : 05F ]
04k : 0.4 F -
0.3 P :| | | |
120 130 140 150 160 0.3 B E— EE— EE—
Pixel Threshold / DAC 120 130 140 : 150 160
Pixel Threshold / DAC

As expected the time resolution is not good enough (~5ns at best)
High impact of the radiation for 3-10* MeV n_/cm?

% Klaas Padeken 61
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Hit rate

100.0
17.5
| 512
. 512 99.9 . 15.0
= = pny
Ear2 BB e | S ALD 12.5
c » 'ag C . ,S-.i
o e = £
8 3121 99.7 2  §312 10.0=
a o o Q
> O > 75 ®
5212 99.6 & § 212 v
e y 5 50 L
3 - v
112 ] 99.5 112
5| 2:2
124 | T . , 99.1 12
14 474 974 1434 1934 974 1434 1934
Sensor x position (mm) Sensor x position (mm)

Max hit rate 177MHz/cm?

The simulation of the MightyPix FSM readout efficiency.
Limited at the moment by statistics.
CBut even\in simulation not 100% efficient, but close to it.

THCH

Klaas Padeken
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Single pixel Efficiency

. 1.0000
E 20 = . =
EO 120Thr/DAC -
s | : : 0.9995
s 0f |
0 i
- I 0.9990
—20 B d. -. : ) P 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 . 1 I " 1 ]
-60 —40 =20 0 20 40 60
in-pixel x/um
T T 1.00
E 20 4
=
= 0.98
=
(= 0
& 0.96

[
o)
o

0.94

=20 0 20 40 60

in-pixel y/um
=)
o S

|
)
=

60 -40 20 0 20 40 60
in-pixel x/um

laas Padeken

| 2 4 L ¥V L ¥V |

u UNIVERSITAT

@Overlay of all pixels

@ As expected first loosing the
corners

@ We know that a higher bias
would compensate this
(partially)

@ Corners and short side loose the
most charge due to charge
shearing with neighboring pixels
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Time Resolution-Observations

correction s

diff
w 12000 143_tdift_139972594198720
E r . | Entries
i ” Preliminary © | Mean
10000 i | Std Dev

P %2/ ndf

Mean
1 | Sigma

row_prof_tdiff_trigger

tdiff_trigger/ns

! | Constant 1.15e+04  6.34e+01

6000

4000

2000

‘ WW |

® Row dependence:

b

50309

-22.13

870.1/398

-23.68 + 0.04
0.00777 £ 0.00019

tdiff_trigger/ns

= 143_col_prof_tdiff_trigger_138972718826792
-20.5— Entries 50309
F Mean 59.26

- w Mean y -22.13
= } + Std Dev 33.54

£ } }[ Std Dev y 550

215 | %2/ ndf 541.4/118
po0 -21.35+0.05

-22 1\} pl -0.01353 + 0.00071

P
20 30
tdiff_offset_corr/ns

I R R
200 250

* Linear dependence due to different capacitances expected

* Observed structure due to different metal layers (3 used & 1 switch)
® Column dependence:

* No clear structure expected

* FSM located ~ col 60 = TS at edges are delayed

* Asymmetry not understood

® Tol dependence:
* Time walk effect expected & observed

|
400

row

48
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Boai.

Linear fit as guide (bin by bin
correction is used)

col_prof_tdiff_trigger

(=

tdiff_row_cor_143
1000[— = _ | Entries 50309
Meanx -8.713e-06

800 —

600—

200 = -
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Analogue Part

Tout

In Pixel:

Comparator

C"ni ZXSensor I Offset Vms
* CMOS Comparator ' R |a(0:2)

o= 2 i A /| TDAC Data transfer line
* Threshold tune DAC injection v >
« RAM for tune bits WIRAMO:2) rowi | | _____ _

3 Injection RAM in AmpOut

° CSA dam pllﬁer Eninjection_row_i

v

I
[
[l
[
I
I
. I
* Sensor diode | == Analogout | TN
[
:
[
[
[

row control
(in pixel control reg)

% ‘@ Klaas Padeken 65

column control (in pixel control reg) Hit buffer
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FSM and Serializer

peeesmmeeeemeeeeaaas .
' e — e 30bit FSM output
i 320 MHz ; P i : : v
; i ; ; Ul +—> 2b Header 30b Data
: ITFC Decoder H : : : Itimerend :
: ! : 1 0: Fast: 40 MHz ! ¢ *
5 R L1 Slow 20 MHz |
“TFC 1b@320 MHz T »| Receiver —» Decoder i SYNC 1 2: Fast: 40 MHz H
: : ! 3. Slowest: 10 MHz | 2b Header 30b parallel Scrambler
BXReset ; FEReset 320 MHz ; —> 32bit Reg
i Snapshot ; : \ : e
Timestamp Counter ; 32 8 8 8 8
320 MHz—>! FineTS : N ;
i ______________ - _ _E oNapshort i ;
B F- - Y J E ReadoUt ESM : 40 MH » Fast Slow Slowest
: Timestamp Counter : I Y s ! : : 3210 32 32to 16 32t08
i 40 MHz > : : ;
—40 MHz—>! BXcount : ' SYNCPATTERN : i
; 5 i j 5 X
! 1 A\ ' 1
e ! : : 320 MHz >
| PO : async FIFO 30b*8 : : w
<«—SDA : 3| Top E : > Mux E
! | Receiver | | Sender | H : H
<«—sCL- : : : !
: 5 i i : 320 MH >
< : > Serializer : ___________________
: Register Interface «— R
o H External i __ .
; e l __________________ & ___________________________________________ ; (Full Custom)’ 640 MHz—> 320 MHz—> R
H Mux SR/I2C Config Bits Fast s s . H
H Conﬁg as ow owest — TTTTTTsssossssssssees
- : (AT l l l @

Slowest
320M

m - R |
C/: ; S o0




Beyond Occupancy:

Efficiency for HLT2 L = 1.5x1 0> long tracks, p

Efficiency

I|il||

0.8

.III

0.6

[

0.4

0.2

o
l

- 'im_‘——i—'—F +—+—

.
e

—=— SciFi
— MT

SR N

20 40 60 80 100

Ghost Rate

\

0.8

0.6

0.4

0.2

Boai.

Efficiency for HLT2 L = 1.5x1 034, long tracks, p

+
+

\

o

' _+— \
- —y
| Eigw
- — SciFi
[ A I B MT
20 40 60 80 100

p/GeV

LHCB-TDR-023

These plots are only looking at the SciFi part (Pixel not considered)

— Need to reduce the fiber length to have a acceptable efficiency and ghost rate

Preliminary studies show that the efficiency including the pixel are >98%

Klaas Padeken
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This is where
the pixel
kicks in
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Testbeam with AtlasPix3.1

* AtlasPix3.1 is the closest full size chip of the HYCMOS family
* Amplifier and Comparator are different (no 3ns time resolution)

* Interest in the radiation hardness and stability of the time resolution

% ‘@ Klaas Padeken 68
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CMOS Amplifier/Comparator

New deep p-well enables the use of CMOS amplifier and comparator in the pixel cell

. : .'
| n-well
| | \.H\h - Deep p-well . ’///
T Deepnwell > m""'----..___Dweep n-well
p-type - p-type - @
substrate substrate VNFB  yppa
Old New T
VDDA [ L el VDDA blpix
A ey J-Cfb J e
T Ia
- l
* CMOS style amplifier T lPLOAD N |
« ENC: 67 e (88 fF pixel capacitance) é g =
. . INBIAS $
* Timewalk: 2.4 ns for signals from I,_| SF1
nwell "‘:|

« 2400 e to 24000 e

GNDA

-‘- DDNGK
A Klaas Pac
VHV




LHCb Upgade I = “Triggerless” readout

Run 1+2

LO electronics LO trigger L1 electronics
L0 Latency buffer LO derandomiser Input buffer Output buffer
FData link 5 o
ADC SRS S e Formatting (" """ 1>
4us l
1MHz eventrate
Supervisor Trigger
Run 3
Front-end Derandomising JHEEELHOEEION Back-end
buffer Input buffer Output buffer
1 h rDQtG ink 10GB Eth t
ero s erne
ADC Suppressl u prassres formditng— to DAQ >

Readout LO Hardware
Supervisor Trigger

40MHz event rate

SR N

Klaas Padeken

48

UNIVERSITAT

B,

With a later High

~1Tb/s .
level Trigger more
relevant data can be
recorded!

~40 Tb/s

70
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Pﬂ\ 1 7N /™A
37

We have to move the current pillars

— New Bridge (see Augusto’s talk later)

Bridge

MT stays in the current envelope

-
R

Magnet — Moving first layer under study at the moment

No additional space close to the C-Frame

I

= | Ll T

®:@ T E:

-.?q % i = l ﬁg

it L fl bl
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Pixel Layers grouped to safe insulation material (LO

and L5 stand alone)
Pixel and Fiber separately movable

2.9° (50 mrad)

r2.49 (42 mrad)

Pixel-L5 —

Fibre-L10/L1 55
Fibre-L8/L9 -

_ L | el | f FIzl

Pixel-L4 _

Pixel-L3 R | pso1
Fibre-L6/L7 =5
Fibre-L4/L5

Pixel-L2
Pixel-L1

Fibre-LO/L1
Pixel-LO
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We have a pretty good idea how to do

Mounting

Access

Insulation

Service Distribution

Minimal adjustments for vertical
modules

See Trevor’s Talk in Liverpool
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Front Back

Sensor Flex

5 sensors

TFC
Conf Down
Clock

J Conf Up
r vy v A 4 L A 4 yv

5 sensors would make one Sensor Flex (and configuration/clock group
Various data connections have to be possible (see Mike’s last presentation)

UP input maybe data concentrator chip for outer regions useful (less risk than integration
Into ASIC)

Sensor connection and protection (Potting, thermal expention)

Build with Au flex in mind we can use Cu as fallback

» 2 main options for HDI (IpGBT) position 50cm or 2.5m (probably a bit less due to space)

SR N
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Specifications

B,
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UP
Pixel size in x = 100 pm
Pixel size iny = 100 pm

Max. Particle Rate

74 (34) MHz/cm?

Max. Hit Rate

150 x 108 s’ cm™

Max. length of data word

32

Migthy-Pixel
Pixel size (bending plane) = 100 pm
Pixel size (non bending plane) = 200 pum
Max. Particle Rate 17 MHz/cm?
Max. Hit Rate 34x106 s™* cm™
Max. length of data word 32
Overall efficiency > 96%

Overall efficiency

> 96%

In-time efficiency

> 99% within 25 ns

In-time efficiency

> 99% within 25 ns

Noise rate (End of life)

< 400 kHz/cm?2

Noise rate (End of life)

< 400 kHz/cm?2

Transmission rate

4 links of 1.28 Gbit/s each

Transmission rate

??7?

NIEL 3 x 10%** neg/cm?
TID 40 MRad

Power Consumption < 150 mW/cm?
MP Specification <200 um

NIEL 3 x 1015 neg/cm?
TID 240 MRad
Power Consumption < 300 mW/cmz
UP Specification 15

A




.
HUNIVERSITAT

3 A [+
| @ @

Remove all horizontal gaps
between the modules

No easy solution for the
vertical gap in the middle
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