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Outline me

A Evolution of experiments and technologies
I Need for electronics, need for timing, need for ASICs
I Requirements for LHC electronics : radiation hardness

A Example of CMS HGCAL HGCROC development

I History of development and different versions
I Tests and Lessons learnt

A Future detectors and new sensors
I LGADs and timing
I MAPS and low material tracking
I Calorimeters and Streaming readout

A Evolution of technologies
I Chip design organization and DRD7.7

A Apologies for personnal bias and misquotations on borroweds | i d e s
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Evolution of experiments and technology
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Need for electronics

A Better electronics makes better detectors or even new detectors
I e.g.trackers,5D calos,t i mi ng e

= Iracka asd closters chaarly
o Jesufabie by epe throughost
O Of det s
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Need for timing

Conventional PET

A Time resolution << 1 ns required by many experiments

 malOR
fov
A PET/ Time of Flight measurements m

I SIPMs, lots of light
i Time resolution <100ps &
I « PET came from HEP, timing in HEP came back from PET Tme-eHlontPET

A « 5D Calorimetry » e.g. CMS HGCAL
A Si PIN diodes : no gain. | [
A . Timing ability ~50ps (for > 10 mips desirable) / Beiie |/ LHCBunChCros;mg

A Pileup rejection : MIP timing detectors (ATLAS & CMS) § >

A LGAD sensors : Time performance ~30 ps : To reject Time . i
up events => better particle identification

A TOF detectors/ PID (SiPM) G e o
I MCPs, SiPMsé F ephotoelectrons. : s
I Time performance ~30 ps CdLT : TIPP 2026 Mumbai



Why do we make our chips instead of buying them ? mega

A ASIC = Application Specific Integrated Circuit

A Innovation in technology yields new/better detectors

A Specific requirements in HEP : physicists/designers interplay
A« No chip => no detector » => no experimenté

I Fi@}
L l':iJH—o'r{

- {s=7TeV,L=5.11M"
%, \s=8TeV,L=531b"

Events / 1.5 GeV

—
L G e

S/(S+B) Weighted
3
o
1

ey U e
10 120 130 140 150
m,, (GeV)

Pixelated 300 um thick Si
detector chip (256 x 256

pixels, 55 um pitch)

Read-out ASIC
chip Medipix2

Detectorbias
voltage (~100V)




Requirements for LHC and HL-LHC chips mega

A High radiation levels : 100s of
Mrad, 1F15 h/cm? L ow Noise

A High occupancy => large data
bandwidth p—

A Power will followé

Large
High dynamic
reliability range
: : Radiation Low
A Electronics (and detector) design :
. . hardness material
IS « the art of compromise »

CdLT : TIPP 2026 Mumbai



Radiation hardness of ASIC technologies by CERN mega

A Long characterization studies of CMOS technologies by F. Faccio et al.

I NIMA3105 : ASIC survival in the radiation environment of the LHC experiments: 30 years of struggle and still tantalizing
I Total lonizing Dose (TID) induces threshold voltage (VT) shift and leakage current

A Leakage solved by Enclosed Layout Technique for LHC
A Solved by deep submicron CMOS (and tunnel effect) for HL-LHC : L<130 nm !
ABut é

1.E+02

— * 1.6um
g‘l.EﬂH | + 1.2um
— & 0.8 um
E 0.5 A
S 1.E+00 + ¢ Teums
--EEl # 0D5um-B
= 1.E-01 + * 05um-C
= @ Iy o) A 035um
g" 1.E-02 + A 250 nm-B
e m 250 nm-A
'-EE 1.E-03 + < 180 nm
_E':'; O 130 nm
_ _ _ _ S 1.E-04 x 90 nm
[F. Faccio https://www.sciencedirect.com/science/article/pii/S0168900222008610] ) 4 10 toxch®
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And still TID surprises

A Technololgy variability

mega
:

For the same process, different fabs give different results, one of them with a 1 Mrad « bump »
A Complex radiation effects (RINCE, RISCE, LDR, temperature, biasingé )

10" e e
F nMOS 130 nm
[ 0.15x0.13

| 100 Mrad

—— pMOS 65 nm
“B.,, 0.12 x 0.06

aat
% ’r{'} N

*
Fab; Date; T [°C]; Bia \“\Z a
S0 —a= A; 2019/08/07; 25; diod . .
g1 B; 2019/05/02; 25; diode EI
- -%7 - B; 2019/11/05; 25; diode E

000 e i ~100 - M o . M
PreRad 10° 106 107 10 107 10° 10

TID [rad(SiOg)] TID [rad(SiOs)]

[F. Faccio  https://www.sciencedirect.com/science/article/pii/S0168900222008610]
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HL-LHC readout evolution : e.g. calorimeters mega

A Going from several specialized ASICs to all-in-one System-on-Chip (SoC)
I Total power stayed the same but granularity increased !
I Power per channel reduced thanks to capacitance and supply reduction (P=CVf)

ATLAS Front-End board 2004 CMS HGCROC 2024

- oo & C AP - =

e e = __’u-ﬂi e W
L n . . : wo® =t Ry b o
5 r,:

RS SRCTUNS Dt B - T

Power regulators

Digital backend
and controls

v =S
. AN
.....

ADCs
Digital 10s
Analog memories
DRAMSs
Shapers
.| ADC/TDCs
Preamps . Shapers
ol e e T e Preamps

CdLT : TIPP 2026 Mumbai 10



example : HGCROC development history

A 2017 HGCROClanalog/mixed signal prototype
A TSMC 130 n'WB 5x7mm?2 (36 channels)
A All analog and mixed blocks; large part of digital blocks
A Good analog performance but large digital noise

A 2019 :HGCROCZinal analog/intermediate digital
A TSMC 130 nr@4 15x6nm2 (76 channels SIPN
A Final sizeBGA packagingndl/Os: C4 helped a lot !
A Intermediate digital part (no RAM2, no full triplication)
A 2020 :HGCROC3#Afinal architecture
A Complete and fully triplicated digital part

A Difficulties with packaging
A ~1000 chips fabricated
A 20222024 :HGCROC3B/C/Dbug fixes
A Metal fixesF 2 NJ 6 dzZ3&d OZ2NNBOUAZ2Y X

A 2025 :full production 200 wafers = 120 000 chips

CdLT : TIPP 2026 Mumbai

' HGCROC2




% HGCROC performance : excell eng Jniegaeé

o ) ) TOT linearity and Jitter (w/ 47pF sensor capitance) TOT linearity and Jitter (w/ 47pF sensor capitance)
ADC linearity and noise (w/ 47pF sensor capitance) 1 O ns — . ) ] ) )
1000 ¢ 150 — h20
) 150 ns
2 500 —— ¢h20 [s:5.22 i:9.49] E g 100-
56 3
- 25 50 75 100 125 150 175 - 50
g0 | | d . 0 10 pC |
£ 0 2 4 6 8
g M‘u WMWWWW y 200 250 300 350 460 450 500 fC w
E 15 i W —— ¢h20 [floor=25ps]
125
[ 25 50 75 100 125 150 175 1.0
1.0 E 100
_ 05 g 75 _ 05
< 2 - g
2. 0.0 S 50 A LSB = 50 ps r[ : 0.0
_0.5 = L!'\IF l25 Z
-L0 0 25 50 75 100 125 150 175 B ps =05
charge [fc] 200 250 300 350 200 450 560
charge [fC] -0 0 2 4 6 8 10
charge [pC]
: [see talk by D. Thienpont TIPP26]
Per Channel DEdEStal .a dJUStment TOA Time Walk and Jitter (w/ 47pF sensor capitance)
120 T. - - . 2.5 —
100 . L. - = T . 2.0
) . . . r . S . °
2 80 ... . ‘.--... T Tcn'l.s
60{ =" .. I . - T g1o
P DT NI RC S ) .\ o oY e
40 . . . * 0.5
o) 10 20 30 40 50 60 70
channels 0.0
0 100 200 300 400 500
___Noise in ADCu 125 —
[@:1153.68; b:12.83]
. . . 100
o151 ¢ ., Ce. . . [
v . *® - :‘
'E '__._.-_"_-_"'7"_-__'_"d__.T_______7'__""‘0.3fC g
0 . . * . L] . §
ol4 . *e e o ¢ ° : . * * et "--c .; 50
la) . . ® Lad o
< «* ° ., %o o ® = 25
: 13 ps A Lt el g g Lol
1.3 | — A
i . QMIP/Cd - 3 fC/So pF - 100 U—V 0 100 200 300 400 500
0 10 20 30 40 50 60 70 charge [fC]
channels
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HGCROC : from 3A to 3B

DRAM2: too short retention time
I Leakage current on storage node
=> Fixed with cap on RBL node

ADC:f |l at or nAghosto ADC, <
I Marginal timing in some asynchronous logic
=> Fixed with longer conversion pulses

TDC: TOA in wrong BX, bad startup condition
=> New startup sequence

TOA occupancy: outliers in ToA data when several e
channels trigger at the same time (retriggering)

I Adding hysteresis and deglitcher
I Improving package grounding

Current [&]
E E £
EH

=
]

=
L

Current increase with TID : floating node in TDC
=> Small change in control logic

CdLT : TIPP 2026 Mumbai
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HGCROC from 3B to 3C/D mega

Previous bugs were fixed, but new ones appeared 1D
(some of them were already there, but not seen) : I

1. ToT hole : ToT values missing while ADC saturated
Resynchronization error => Add delay cell in ToT logic . o e
. 1 h ; v 53 (5:0.396 i-3.633] min_q=187
2' TOA/TOT OUtIIerS ’ " “. o chdd [5:6972.03, :545.70, 0:3.15) (22,22 C) 150 . E:gi{;g:gg:26955327]];::]“;:1?52
Marginal timing in asynchronous logic ey | = i

630

) I %‘%ﬁ?’
3. SEE TDC: analog and digital current increase "————= | # & # # & & »
New startup sequence , with fix to avoid events in BX+2

4. SEE TDC : jumps in ToA counter o[ Peteeme

600

Current [A]

5. Rare I2C failure 4
Phase jitter in incorrectly triplicated cells with long slabs [ ——

o¥ o
Time
CdLT : TIPP 2026 Mumbai 14



SEE effects : from 3C back to 3D !

A 69MeV Proton irradiation at very high flux (1E11 p+/cm?3/s) to see SEEs
I 7 campaigns were made !

A ToA counter fix in 3B was made worse in 3C : now ToT jumps
I Return to 3B for the ToA counter => 3D version (metal fix)

HGCROC3b (Proton flux 10" p/cm?/s) HGCROCS(: (Proton flux 1011 _pl/cm?/s)

200
T cotCHe  CCON? o001 O e 0 e © ¢ oo e 1000 -
800 1 ‘-—_ —- —*—_
700 BOO ' '
. ToA 5 o |
600 I OA - ., 2 e “ .:
=z 500 : i i l :
s ° § TITT X : : : :
= a0 = e 9l oun | [ B . W) m
et oo o ® @ . - " v .
300 - - H ¥ H
200 i
2001 ’ a o e * | = e a0
-
100 @ o e -0 e easee o 3
T
¥ S 1 [ nl.d
170 AO00 -— - . s |- I . — - -
] L] "
3500 i V
165 IO00 1 H -
= H '
s -
; s || TOT : .
2w 2 2000 : i
L] "
1500 H : :
15 1] "
1600 ] - '
L] L
200 - _—— - - : H
150 — —-__ %
Le] H L H L H
> 20 17:30 20 18:00 20 18:30 20 19:00 20 19:30 20 F0:00
1 hours .

CdLT : TIPP 2026 Mumbai
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HGCROC3C SEE extrapolation to CMS

A Proton irradiation at very high flux (1E11 p+/cm?/s) to see effects
10,000 times higher than at HL-LHC : in 1 day get 10 years of HL-LHC
Few events seen, but still non negligible when extrapolated to 100k chips

Time to reach state 2 (s)

Removed in 3D chip

Proton flux (p/cm?/s)

1012
—— No preventive reset
11 ——— Prev. Reset Per. 36000s
10 - —— Prev. Reset Per. 3600s
., —— Prev. Reset Per. 360s
1[:'1{1 | \\\\
- 10 hours RP
109 1 hour RP
& min RP
105 ]
1074 —m = m e e e 2 S LSRRt TR 100 days
108 AN
103 HGCROC\?’ =
in HGCAL
104 : :
10° 10° 108 10°
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Time to reach state 2 (s)

10!

Simulations vs. measurements

-~ NoO preventive reset

Prev. Reset Per. 30s

Prev. Reset Per. 18s

Prev. Reset Per. 6s

Meas. No Prev. Reset

Meas. (Prev. Reset Per.=30s)
Meas. (Prev. Reset Per.=18s)
Meas. (Prev. Reset Per.=6s)

SRREN

1 . e halfo
. = halfl

1611
Proton flux (p/cm?/s)

16



Lessons learnt from HL-LHC chips

A Several chips displayed issues before (even after) Product of the 150€nable @ -40C.
. Wrong start-up progedure with Vin
pI‘OdUCtlon shorted 46 Vout f\or'long times

I Rare occurrence, often found by chance (e.g. bPOL12V)
I Atcold,withr adi ati oné
I Not seen before in simulation

B P U ——

A As seen in HGCROC example before, most cannot
be seen in simulation before

I Analog/mixed signal simulation very long Ay sofeguore bas Froblems e
inherant fiows or wchan medtisle
ke sl K e
A Cannot emphasize enough the importance of tests! 8 = s
&8

The threst or rkk b esarted’ when i€
den oo af difve lageers
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Future detectors

A New sensorsregularypop upé

SiPMs (see previous talk)
LGADs, ACLGADs
MAPSs

A Electronlcs also regularly improvesé

" Technology evolution (CMOS scaling)
More functionnalities (timing)
Lower power

Allows electronics on detector, better granularity,
ti mi nge

A Progress from either or both !

A Example : see talk by Yfang Wang tomorrow

CdLT : TIPP 2026 Mumbai
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P ——"" ALY Dt T TR
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- PYTHIA e(18) + p(275)

o—
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new sensors . LGADs (ATLAS HGTD and CMS ETL) mega

A Need fast and large signals for timing (large dV/dt) : see next talk

' RiseTi NoiseRMS
A Need short current duration (td < 1 ns) o, ~ iselfime * Voise

I Low thickness sensors (< 50 um)

Amplitude

A For MIPs in Si, need gain ! 'RM
Uﬂ
I LGADSs : Low Gain Avalanche Diodes i l'\' | ¥
i G=101i 30 I — .
| o, | | Threshold
J: k
W Jitter _"éf"
120 I o,
100 :
P . ToT,
&
o Time walk
40—
G:

L il Il 1 1 ‘ Il Il 1 1 Il
40 60 80 100 120 140
Voltage, V
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new fast electronics needed : GHz bandwidth meqga

A High speed preamplifiers/discirminators (GHz BW) : new territory for HEP
A Faster => more noise, larger threshold : rather too slow than foo fast !
A Optimum BW : t_pa = current duration, minimum jitter : 1 _6Cy \/r
Sy = Q d
In

jitter and noise as a function of preamp risetime
-8 1 ==Sum
1,5 7 - +++ Primary e+ h

= Gaine+h

=

jitter and noise

Current [pA]

05 06 07 08 09 1 11 12 13 1,4 15 16 1,7 1,8 19 2
t pa/td

Time [ns]
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LGAD readout chips e.g. ATLAS ALTIROC or CMS ETROC

A 15x15 pixels of (1.3 mm)?2
I 25 ps jitter at 10 fC
I 2-3 fC threshold (MIP 5-10 fC)

A Difficulties :
I Low threshold with digital noise

ATLAS I:lGTD Preliminary

_ ASIC+LGAD1, V=216 1C, T=-40°C Noise = 0.27 C, Ny | -
10— >—o—o—s

Efficiency

3 4 5 8
Charge [{C]

[see talk by L. Cadamuro TIPP2026]]

i Preamplifier Hit Flag
Discriminator 1 bit
TOA
: TOA TDC — Hit Buffer Trigger Hit Matched Hit
: + Range 2.5 ns LSB 20 ps 7 bits > Selector > Buffer
Vth ] TOTTDC ot
TOA Range 20 ns LSB 120 ps 8 hits Hit Processor
TOT 1 ity Configuration :
a) Proc: @ Unit Registers :
ANALOG FRONT END DIGITAL:
Lo/L1

[\ 7 . Qup/Cd ~5fC/5 pF =1 mV

Mean jitter across TZ channels versus input charge for various threshold alignements

sng uwno)

Amplitude

/(\ower slope, worse jitter

o—o=0—0
o—0 o

=839 00000000

Preamplifier
oufput baseline : -
{exaggeraled)
100 ! : i
ATLAS iHGTD preliminary.
$imu|ation
T 1Y — %Ihreslrj#eldsrr——rr— rrrrrrrrrrrrrrrrrrrrrrrrr
2 ~ aligned -
g sol.- \ at3,2fC T‘hresho.lrcrjmsﬂ
o N “aligned
<
o |
a
251 ''''
%4 6 & 10
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Newer sensors : AC-LGADs ! !mega

A Introduced by N. Cartiglia et al. (~2015) Equivalent circuit of AC-LGAD

A Combines good timing and spatial resolutions ‘ > > ‘ >
_ ~ Cep ~ Cep Al electrode
A Already adopted by several experiments for PID ! Oxide
. n+
A Now need readout chips _ .
I FCFD & EICROC @EPIC, LATRIC @CEPC —
CbUlk --------- [ Signa| flow
......... » Cross talk flow
HPK W2.3 2 50T_1P0_60OP_5OM_E240, 180V 160 HEK W2, 3.2 BOT_1P0_S00P_SOM_E240, 160V g B0 e R O P 2 1R
g 1_4:— ! One 0r more strips reconslructlon —_ E E ______________________________________________ _: % 705_ N I T e _E
E B —— Exactly one strip reconstruction E é 140:_ """ Pitch / {12 _: % - .
w12 N Two strip reconstruction ?z 120 ¢ Exactly one strip observed - % 60~ =
yl ] ® E One or more strips reconstruction ] " 505_ _E
; r —l“r HI T‘\Ir ; é 100:_ —— Two strips reconstruction _: E - ]
0.6:— —j 603— _E 305_ S S N SN NS R— . _E
04 . R T AR SR S S E 20f i aemcomas ey E
0.22_ JL A_MHL _f 202_ _f 105— e NAURL-CTIANEL, trackeT dElay COMECHon _E
0:,,,, Jti L e 0:--|.I..----|.- T AT G:....I....I....I....I....I....I....I. ]
2 15 - 1 52 -2 -15 -1 05 0 0.5 1 1.5 2 -2 -15 -1 05 0 0.5 1 1.5 2
Track X pomtlon [mm] Track x position [mm] Track x position [mm]

[S. Nanda et al. https://indico.bnl.gov/event/20473/contributions/85062/attachments/51842/88660/AC-LGAD_ePIC_vFinal.pdf]
CdLT : TIPP 2026 Mumbai 29



ACLGAD readout e.g. EICROC ! !mega

A EICROCO is a 16-channel testchip for AC-LGADs at EIC il
I Based on ALTIROC (ATLAS HGTD) front-end and HGCROC - S e '{_ff{ 5.; g
(CMS HGCAL) ADC/TDC (== 0

I Reads 500x500 um pixels for sensor characterization ﬂ | | g

i 2 mW/channel, fabricated in 2024 lml E

I Performance : see talk onmo n d aN6® session rod Irfu %"

A EICROCL1 is 32x32 = 1024 pixels, just fabricated e

A EICROC?2 started for digital on top design

Time-to-Digital Time-Of-Arrival
" Converter
Preamplifier
LGAD-AC Cac
20 pF Discriminator
[ Vin
le4| Time-to-Digital
_!in 250 O Threshold Converter
19 fiC (typ.) Cd —
1 - 100 fC 0.5-1pF
2% W
= pF
I o
#optionB A
%"Nﬂ A _
Shaper Traé:gt:cth;ld ADC ——  Amplitude
+
Slow PA TOA 8b 40M
control +discri TDC ADC 3




Monolithic Active Pixel Sensors (MAPS) in HEP
A Introduced by MIMOSA family (IPHC 1999)

20 pm pixels in standard CMOS technology
Small capacitance (5 fF) => « large » signal Q/C ~50 mV
First use in HEP : STAR experiment

lowpower, but sl owé

A Generalized by ALPIDE (ALICE ITS2)

Imaging technology (TJ 180n) with deep pwell
Allows CMOS readout electronics
Thinning for low material budget

NWELL COLLECTION

NMOS PMOS
o oo ELECTRODE = =
o B o R Rt - SRCER l,
PWELL NWELL J: | PWELL NWELL
DEEP PWELL " DEEP PWELL
DEPLETED ZONE |
/" DEPLETION
P- EPITAXIALLAYER . BOUNDARY

meqga
Vreset Vdd
Select <
Reset o— [, L,
. F1__Qut
MAPS 3T readout

%1‘?\ P owell

Substrate (F type)

lonising W

Qup/Cd ~ 0.25 fC/5 fF = 50 mV

VDDA
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Evolution of MAPs : DRD7.6 meqga

A depleted MAPs for faster signal
I Better radiation hardness
I Timing capability
I Tepsco 65 nNm
A Stitched sensors
I MOSAIX chip for ALICE ITS3

A See overview by W. Snoeys | 1
i https://indico.cern.ch/event/1417976/contributions/5961766/al  Layer0: 3 segments \| |, o

C side

92,58
74,064
18,516
1
i
1
1
1
|
Caa

R (azimuthal direction)
folded around beam-pipe

echnologies W Snoeys.pdf Layer 1: 4 segments |\ ' Z-axis (equatorial direction) /¥
- Layer 2: 5 segments S beagng length /
Repeated RN e i
Sensor Unit |45 . / 1.5
(RSU) L . 265,992 s i
[https://indico.cern.ch/event/1533252/contribu_tions/6495992/attachments/3058550/5408034/2025.04.29_Carate|Ii_Picopix_DRD,&WQZ.pdﬂ,,,5 et
EE T oo K FET o Ry
L y e o deppel - g e S T
low dose n-typs imglant \ e dose -iype implant
depletion boundary
Standard _x"\mwm Modified P Gap
P~ EPITAXIAL LAYER e pr epitaal layer

M. Munker et al.
https://doi.org/10.1016/j.nima.2017.07.046 (180nm)

https://iopscience.iop.org/article/10.1088/1748-0221/14/05/C05013
{180nm) . . . . 25




Coming up : MAPs with LGAD sensors

A ARCADIA project @INFN : MAPS with LGAD pixels in LF 110n
I Now reaching an encouraging 75 ps, goal is 20 ps timing for ALICE3 ToF

i Still all the readout electronics to integratea r oun d é

Where we started from...

First signals observed in a test beam,
passive structure with gain - 50um thick

July 2023

0.08

0.06 +

]

VIV

0.04 +

0.02+

Oct-2023
ER3-1¥5L

0.00

Signals observed in last test beam,
MadPix with gain - 50um thick
Oct 2024

FAST 2025 —- G. Gioachin

Jul-2024

TIME RESOLUTION CMOS LGAD

MadPix

ER3 —1%SL

Oct-2024

ER3 - 251

Not final thickness and
optimized geometry

\_, an

MC simulation

] Pixelilluminated in the center

40 50-pm-thick
> 30[ 25-pm-thick

NOT optimized simulations

-—

20 ps—f

15-pm-thick

10 20 30 40 50 60 70
CFD, %

Need to implement new pixels
design to mitigate edge effects

and distortion term

L s new engineering
run in 2026

short loop soon with lower thickness 23

[https://indico.cern.ch/event/1445926/contributions/6507516/attachments/3071137/5433164/FAST2025_Gioachin_v04.pdf]
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Requirements for future (non-LHC) chips mega

A moderate radiation levels :
still Mrads, 1E12 h/cm?

A Low occupancy
A Low material
A Low power !

A Data aggregation

A Picosecond timing

Low noise

High speed

D)

Large
High dynamic
reliability range

Radiation
hardness
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Trends for calorimeters (DRD6) me

A On-detector embedded electronics, low-power multi-channel ASICs
I CALICE SKI/SPI/THARDROC, FLAME, CMS HGCROC,FCC Lar, FATI Ce
I Advantages : high granularity, low parasitics, few 1/O links
I Challenges : #channels, low power, digital noise, data reduction

A Off-detector electronics : fiber/crystal readout
I Wavefrom samplers : DRS, Nalu AARD, LHCbSPI DEREé
I Advantages : possible pulse shape analysis and time walk correction
I Challenges : lower power, data reduction

A Digital calorimetry : MAPs, RPCsé
I MAPSforemCAL:egALPI DE ASI C for FOCAL, DECALZE
I Advantages : simple® analog part, possible intensive digital date processing
I Challenges : #channels, low power, data reduction

CdLT : TIPP 2026 Mumbai
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Move to streaming read-out (SRO) e.g. DRD6 CALOROC

A No more LVL1 : data streaming => auto-trigger and zero-suppress

I Simpler digital part in ASIC => lower power

A Difficulties :

Noise sensitivity, event loss, throttling, buffer depthé
Threshold control, pedestal stability and determinationé

LHC HGCROC

Analog! Mixed | Digital L1A  |Fast commands l——
| | ¢ # port -
| [—

> > {ADC e "
’ | - | A Data | 2 :
- 1 - 1 |E 2
. - || &
> | | %
. - Tngger ) Trigger 4,5 »
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| —
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Example with N =5
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Evolution of technologies

A Evolution of CMOS technologies : more and
more complex and expensive
I driven essentially by consumer (digital) electronics
I Today Al chips in 2-3 nm

A Particle physics using now « legacy nodes »
(28-130 nm)

Large analog/mixed signal part
Long qualification time for radiation hardness

Small quantities produced (<10% wafers for all HEP vs
107/yr at TSMC)

281 130 nm nodes are now 20 7 30 years old :
perenity issue
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o To Po I Do Do

Why d o nwetdesign our chipsin 3 nm ?

$580M

More complex technologies => more
complex tools

Much more expensive (NRE) => minimize
number of iterations

Move to « digital-on-top approach »
More effort on simulation and verification
Larger/specialized teams needed

Buté

I Verification tools mostly for digital part

I Most issues found were « analog » or radiation

I very difficult to reproduce in simulation once found

S290M

Advanced Design Cost

Transistor

In short : not enough money, manpower and
ourchi ps are not digit
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Digital on Top (DoT) design mega

A For mostly digital
chips (trackers)

A UVM verification
tools

A SEE verification

For big ‘Digital’ small ‘Analog’ designs
Design Entry

Analog Block Creation Top-level Chip Assembly

Tape Out
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How to get better organized ? meqga

A See talk by F. Simon at ESPPU
I https://agenda.infn.it/event/44943/contributions/265987/attachments/137351/206361/ASICs _ ESPPU 2025 06.pdf

A Common HEP approach with small groups at universities hits limits:

I Conflict of academic interest (focus on designing new features) with project needs (adherence
to schedule, mitigation or risks)

I Reliance on students: Thesis needs satisfied with implementation ofnew features, project
needs with bug fixing. New features frequently turn into the next bug.

I Desire (and external pressure) for ownership i several solutions for similar problems i
fragmentation of overall effort in the community, duplication.

I Changing personnel driven by short-term contracts.

(

European Strategy

for Particle Physics
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DRD7.7 project me

A Hubs for ASICs developments : DRD7.7
I Support of technologies and tools is both essential and demanding.
I Current models adopted d o0 n 0 t pakeevehduture technologies and requirements.

A Key Goals of a hub-based structure:

I Establish and maintain access to cutting-edge technologies and EDA software tools
through regional collaboration.

I Ensure a professional approach to prototyping and fabrication cycles, including best
practices in design, verification, and foundry submissions.

I Facilitate collaborative work across distributed teams and enable IP block sharing.

I Implement rigorous project review and submission processes to manage risks and control
changes.
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Conclusion meqga

A New sensors regularly appear (SiPMs, LGADsé . )
i Electronics quickly followsé
I Detectors quickly adopt theme

A Sensors and electronics are a joint development
I Overall optimization (segmentation, pulse shapeé )
I Importance of extensive tests cannot be understated !

A Electronics benefits from technology evolution (CMOS scaling) but not that much !
I Lower dissipation for digital electronics, smaller impact on analog blocks
I Legacy technologies (28-130 nm) good compromise cost/performance

A Future detectors will have lower rates (until FCC hhé )
I Emphasis now probably more on low power to improve granularity, data-driven, reduced materialé
I Probably also more on timing, smaller step compared to HL-LHC



