Angelo Loi

- su ts of the Timespotl

3D-trench sensors

s—"&"g

f ‘Qn"ﬁ"" >

. .\”-f"*s"\ +~%v "-; T

ARSI L ,'g &o\ 2 U
Nl the i

J’ .;- .“‘ﬁ. -’:_‘&.:.‘) l:g-"\1'\\ 1%

P
»

) )
PN A g ! : v - - 1
‘: . i ) P D ¥ e by N '.-\ Ny e : - A ; -
. - N - - N 3 4 . o . < . - . 4 ol At
R y 3 % ANl a i - . () ) s il PN L NN 4 “'-' ,t = -y e »'3 N2 A A "’V& X ?'. .
5 o ' k" A : y ., - B Tty - L e . g 0 T . 2
. \' Vt- - " YL '-J.‘ |,‘ ', A L& 3 ‘-~ "‘ )" .ﬂ .-) v L '." o & "'- R oh ey AL i o 5 » : -~ -"'\4' ; : ’-‘a ‘ ’Q‘
¥4 \ e '\' PN o ,\ Y TS Y 40 St ‘ ) ‘.. A _l!‘. . b 3 :‘J» S .‘_. e ". h 2t Loty % .' .
'l..' — -I'u’ “
e

B A h"

RERR Y. A l@up &@HDA S‘{t@ﬂ@uﬂ@pA @@[ﬁ@]mﬁp@ lm[m@ﬂunpzé& &@mg@ugp@ -,

ey ,‘4,“

-.,;5; . Dalla Betta, L. Piccolo, L. Frontini, M. Arestl; M. Boscardin, VI
’*’*4 @@r@uﬂpg‘v R@m@humg @@@]@@ﬂ@ﬂ&ﬂ V. &uﬂ@@ﬁ@ﬂup =M. Cossu

-0 ; Sl SN AT R e et T ' &
; A .5 s t,“-.“.g:'wwi.w:-a}k | T

ot




Outline

* Motivations and background

* Timespot-1
e Architecture

* Tests
* Setup
* Test, only ASIC
* Test on hybrid
 Bump bonding yield
* Test with LASER setup
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Motivations and background

e Scenario for future Phase-Il LHCb upgrade:

* Luminosity increment to 2¥103* cm™%s™
* x10 compared to LHCb phase 1

* Requirement on hardware
* Radiation hardness for sensors and electronics
« ®=10"+10"1MeV neq/cm?
* Dose =1+ 2 Grad or higher

* Material budget
* 1-+0.5% of radiation length

* Detector efficiency
* Higher than 99 % per detection layer

* High tracking efficiency with
* Space resolution (< 42 um)
* Time resolution ( < 35 ps)

* Power consumption
* 10 pW per pixel

28/02/2023

source:
Considerations for the VELO detector at the LHCb
upgrade Il - CERN-LHCb-2022-001

Requirement scenario S4 scenario Sp
Pixel pitch [ pm | <55 <42
Lifetime fluence [1 x 10'° 1 MeV neq/cm?] > 6 > 1
TID lifetime [MGy] > 28 > 5
Sensor Timestamp per hit [ps] <35 <3
ASIC Timestamp per hit [ps] <3* = 35
Hit Efficiency %] > 99 > 99
Power per pixel [pW] <23 <14
Pixel rate hottest pixel [kHz] > 350 > 40
Max discharge time [ns] <29 < 250
Bandwidth per ASIC of 2 cm? [Gb/s] > 250 > 94
Material budget < 0.8% X per station
(all included)

*Corresponds to < 50 ps on sensor+electronics
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Time resolution on silicon sensors and electronics

single Pixel V= 150V - 2.58%neq/cm?

https://indico.cern.ch/event/1223972/c
ontributions/5262144/

40

aeff = 10.3 pS
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20

* Sensor integration on dedicated |
ASIC o > [ns] —qGO -140 -120 -100 -80 60 40 -20 0

° ege = Entries 5378 E 30 i
® Tl m e S POT 3 D S I I | co n se n So r ok i fr ;;m 153.§ ;9 ;32 :% ! Ir{:disate.d Pixel (2.5x10'° 1MeV n, /om?) Not Irradi:jned Pixel
L c | -5 Spline method —&— Spline method
° E I I H I 1 f B Norm 37110058 % 25— -®- Reference method —l- Reference method
xcellent time resolution atter 120/ ", 8512000 370
i 1 . G, 0.009233 + 0.000332 o i
rad |at|0n 100 M., 0.007403 £ 0.001176 .qg’ -
B 5,/0, 1.982 * 0.094 T20r
* More about on Wednesday sof- L osmessoome i
C const 1.35+0.14 I
* M. Garau: 60 @150V, 0° 15]
- ’

bias

e 20-25 ps of resolution are theoretically feasible | ‘ ‘ : hi
with the CSA approach v Otenr - Enies 2696
* G. M. Cossu and A. Lai, “ Front-end Electronics for ::b ~ Ok b Mean 2341
Timing with pico-seconds precision using Solid 06 Il n
State Sensors”, o5 (b Pe— | [SuDer 5299
https://iopscience.iop.org/article/10.1088/1748- B oall /, s
0221/18/01/P01039 03 '/ i o (C—)
* A.Lai and G. M. Cossu, “Timing performances of 0211/ CFD 40% i ——
front-end electronics with 3D-trench silicon oL cre T
sensors”, https:/[arxiv.org/abs/2301.11165 i | | | | ot o
b 5 % & oIl 0 100 200 300 400 500 600 700 800 %D&[JSO]OU

Time resolution vs std. dev. of CCT distribution
Fraction of rms is % for “slow” electronics (CSA)
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The TimeSPOT-1

General architecture
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* Frequency

* Device operated by 640 MHz master
clock

* Data output @ 640 MHz in DDR format
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Architecture o

* ASIC level \ | e Digital

Single channel

Bump pad
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Architecture — Data flow

e Active area of ASIC divided into 4 large areas
e 256 pixel each
e Each channel has own TDC

 All hits processed by a readout tree and send at 640 MHz
in DDR format

Analog Front-End O

Analog Front-End 1

Towards DAQ @ 1280 Mbit/s

Analog Front-End ...

°29J] 1NOpeaYy

TimeSPOT 3D trench sensor

DDR format
(—) Analog Front-End 255 TDC 255
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Test and measurements

Only electronics

Sr-90 source

28/02/2023 Trento Workshop 2023
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* Tspot-1 board
e Version with/without sensor

* |2C interface
* Clock source

* FPGA + Mezzanine
* DAQ/CTRL system

* Purpose:

* Performance of electronics
*  Front-end jitter
*  TDC resolution

* Fabrication quality
*  Bump bond quality

* Secondary
* Test on FPGA-DAQ/CTR system

FPGA + Mezzanine

source

— .
Testing the boards
Tspot-1 board with Timespot-1 Hybrid

Configuration
with Sr-90 source

d -]
- =
ity

LIV

Tspot-1 board with e : St
Timespot-1 ASIC e Wt 't
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DAQ/CTRL

* DAQ
* Designed for max 8 Timespotl

« 8 Data acquisition blocks for
each ASIC (one for each LVDS
data connection)

* 64 Data acquisition blocks in
total

* Data is moved to final storage
using a simple multiplexer

e Scans simply over all 64 outputs
and checks for stored events

* Not very efficient but for now
enough

» System is also configured to
used:

e External Tspotl DACs

* |2C interface (developed by
INFN Milan)

e ASIC clock measurement
interface (for test purposes)

ICC DATA

ICC Clock

Strobe

Command

A\ 4

Clock
measure
ment

CERN IPBUS erase

~CAGLIARI 3

START
ASIC LVDS OUT

CLK Ivds

DAQ on/off/rst

DAQ Status monitor
DAQ/debug/emu mode
HEADER/IDLE setting

DATA
ACQUISITION
BLOCK

FPGA Time
Stamp block

Read

request

»
»

DATA STORAGE
Data/Storage status

28/02/2023

Trento Workshop 2023



Timing without Sensor (1)

* Distribution of TA across 512 pixel: 30%

* TDC average timing resolution:
* Oormc=23 ps

* Analog FE average timing resolution:
 ore=43 ps
 ~10uW power consumption

w TDC . AFE

H=22.6 [ps]
o=5.5[ps]

25% A

i Vp* @ 450mV

15% -

u=42.6 [ps]
o= 18.2 [ps]

Hit percentage

* Result is very promising, considering
that the ASIC Offset compensation
mechanism is suffering some issues.

* Expected jitter: 10 + 20 ps

10% -

5%

0%
0O 10 20 30 40 50 60 70 80 90 100

28/02/2023 Trento Workshop 2023



Angelo Loi
—CAGLIARI 3

Timing without Sensor (2)

* At low baseline setting, all channel do not behave properly and stay at different levels

* This setting works almost fine at higher level but with a worse jitter
* Problem understood and debug ready for future ASIC

V,, =100 mV V,, =450 mV

200

150

100

jitter [ps]

counts

50

250 300 350 400 450 500 550 250 300 350 400 450 500 550
Vp [mV]

28/02/2023
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ASIC performance after hybridization

* TDC and FE tests repeated after hybridization
* Sensor capacitance increases jitter

e TDC resolution is not affected

30%

25% -

Hit percentage

5%

0%

28/02/2023

20% -

15% -

10% A

0

10

20

m TDC [ AFE
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o=18.2 [ps]
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Org = 43 pS

80
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20

Hybrid with 110mV baseline

B S1oc
Entries 512
Mean 18.22
N StdDev 4.882
Oare
I Entries 512
Mean 60.21
StdDev  20.02
=l Orpc
LA
org = 60 ps

) = 10
Gra [PS]
Baseline 110mV
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Hybrid with 450mV baseline

& Org = 75 pS

20

(2]
S 120}~ Oroe
8 | Entries 512
| Mean 18.05
¥ StdDev 4572
100
- Oare
- Entries 512
B Mean 75.58
80—
L StdDev  15.18
sl Mo,
i B Ouee

60
Baseline 450mV

80 100 120

Ora [PS]



Angelo Loi
~CAGLIARI 3+

BB bonding yield on ASIC

 BB-yield checked using Sr-90 source §

* All channels capable of detecting
incoming particles

* Behaviour same for all tested matrices!

Bump bond pad

SRR T A Y A

.
v
»
v
.
4
' e
Y
A
Y
A
A 2

,__,_----O.l‘

SEM HV: 10.0 kV WD: 11.59 mm | | | VEGA3 TESCAN

View field: 176 um Det: SE 50 um
SEM MAG: 1.57 kx | Date(m/d/y): 10/29/19

FBK Micro-nano Facility
SEM photo of a TimeSPOT pixel matrix (photo source: FBK)
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Test and measurements

First LASER tests
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The setup — schematic representation
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40 MHz pulses Selected pulses

Optical fibre

(1 Hz =1 MHz) Fibre port
1030 nm
~ 100 fs pulse
40 MHz generation rate
Pulse picker Microscope
- Deselected
g 7 pulses (40 MHz)
TimeSPOT single .
o
pixel sensor with e:&\ed‘\0 Filter
fast readout \)a({\’a\

Clock generator
-

-

[
-

[ 0

40 MHz Signal used to synchronise clock “

generator

IPBUS protocol
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%

TimeSPOT -1
(DUT)

640 MHz clocks to FPGA

and Mezzanine

TimeSPOT 12C

mezzanine

Schematic representation
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The setup — view from above

Artistic representation
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Pulse picker

Focus on sensor Focus on ASIC
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Results:

* First LASER pulse tests performed recently
e Single channel responds to LASER stimulation

* Good timing observed

* Example on plots:
e oof47 psonToAand 1.7 nson ToT

* LASER energy and frequency need more fine tuning for future measurement campaigns

* Measurements and performances will be further investigated in the next days!

Time of arrival ASIC3 Time over threshold ASIC3
3 hia 3 L] ]
= x10 T Entries 1255413 = i1 0 Mo s
g [ Mean 7550 g ;r?’?;'u + sosesca 8
— Std D 46.82 | Prob )
O 1000 /\\ 2 n;fv 54421 35 [&] 300! . Consant 26780405 + 32840102
,*‘ . Prob 0 | / \\ Sigma 1.65 + 0.00
I~ / Constant  9.959¢+05 + 1.058e+03 = 1|\
— / Mean 7553 + 0.0 - ' /
800 — | Sigma 46.56 + 0.03 250 | ,*"
r | [ 4
: 200 / \
600 C , \
/ : { | \\
I / \ 150 fl \
400 — \ i /] \=,
— I\‘.‘I 100 = r““ \I
- A / "\I
200 \ - ) \
[ 50| / ‘
— \\ — / \\
0_. | N s \ ). \ \ \ ‘ 0 A . G . N N TR L \
7200 7400 7600 7800 8000 55 60 65 70 75 80
toa [ps] tot [ns]
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Perspectives and conclusions




Perspectives:

e Characterisation of the Timespot-1

performances are currently on full - 9
swing! INFN
® TeSt Campai n is helping very .Strongly Istituto Naziunaled;risicaﬂucleare

to upgrade design and strategies on
future ASICs for fast timing tracking INFN Ground-up iNiTiative for  Electronics 'evelopments

* Most of this experience is already
merging within the activity of the INFN
IGNITE initiative

* Confidence with the system and its
behaviour is steadily growing

* Next steps:

* Full characterisation the hybrid
performance, channel per channel,
using LASER setup

e Possible use of Tspot-1 boards for test
beam is under evaluation

Eventual TSPOT1 boards configuration as “test tracker”

28/02/2023 Trento Workshop 2023
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Conclusions

* Test activity on the Timespot-1 ASIC is ongoing
 Measurements are ongoing on 3 different levels (only IC, Sr-90 and LASER)

* First results are giving us important feedback on performance and functioning

* Time resolution below 60 ps is achievable with current version
* Lessons learned from test activity will be used in future designs within IGNITE

* Testing the hybrid:

e Using TCT, recently started and showed device
response
* Resolution as expected
e Setup is in running in conditions
* Future Hydrid characterisation matter of few weeks
* Eventual other tests in evaluation

* Tests with Timespot-1 ASIC hybridised with diamond also Sensors 2022, 22, 8722. hitps://doi.org/10.3300/s22228722
started by our colleagues in Florence

28/02/2023 Trento Workshop 2023
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Backup
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Architecture — Analog FE

* Front-end
* Inverter based CSA

" purregine | vominal | high

. . Pwr/channel [pW] 18.6 32.9
* DC current compensation with Slew rate [mv/ns]
Krummenacher Feedback circuit e =° 30
Z,[Q]in BW 23k 23k
* Discrete offset compensation Gain [dB] = .
* Leading edge discriminator with RMS noise [mV] 3.9 3.8
discrete time offset BW [MHz] 311 455
compensation for threshold Jitter [ps] 15.6 10.5
uniformity
IRef Offset
. Featu res .. Compensation
feed back
* Internal charge injector [ <
Test k A j\ =
 Upto 7 fC charge Pulse | charge Sl I J_ .
Injection | l Il a
* Programmable power _bac - +f [>=—
consumption I I %
Cf Vb| Vthr

e 2.3 uW > 32 W
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Architecture — Digital

e TDC with Vernier

Expected power per rate

Architecture 1500
* 2 DCO with frequency around o
1G HZ E 120.0
 DCOs can be turned off after S a0
> 38 uW @ 350 kHz
measurement for power £ o0 (LHCb max rate)

40.0

saving kb
Hit R kH
» Performance: "t Rate [krz]
 TA measure with 10ps LSB
I itecture ib
TOT measure with 1ns LSB w Tl To T ocoarn - —
% ' ' ' signal
o 4?-—| ?4?— < TOT S
* Max event rate of 3MHz =

coarse ctrls

dco_clk TA = (cnto — 1)Ty — (cnt; — 1)T;

<]
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