Summary of the weekly meeting 2L

Indico link: https://indico.ihep.ac.cn/event/24042/
Went through again of the SiPM ASIC & OTK ASIC, on the spec & schemes

Timeline of all sub-detector ASIC & common ASIC development
Schedule of the TDR writing
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Timeline for all the FE ASICs — common ASIC —long term —>:
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OTK detector . 41 AsIC 15T design
optimization >
202412 2025.12 2026.12 2027.12 2027.12
Spec finalization & Existing chip based
device selection 1st SiPMASIC N modification HCAL module Chip Finalization
prototype SIPM ASIC prototype
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SiPM requirements summary s

Crystal ECAL: specifications

Key Parameters Value Remarks
MIP light yield ~200 p.e./MIP Ensure EM resolution ~3%/VE
Energy threshold 0.1 MIP Balance between S/N and dynamic range
Crystal non-uniformity <1% Along the crystal length and between crystals
Dynamic range 0.1~3000 MIPs / channel Maximum energy deposition with 360 GeV Bhabha
Timing resolution ~500 ps @ 1 MIP Bunch Crossing ID; clustering and hadron performance
HCAL requ irement Potential issue to use a common ASIC for
. . _ ECAL & HCAL:
Signal Dynamic Range 1-100 MIPs 0.1 MIP as trigger threshold . .
_ _ :  pe @ MIP is different for ECAL/HCAL
Time Resolution 1ns Bunch crossing ID . . .
(1-MIP signal) timing hadron performance * Charge is strongly depend on SiPM gain
Power Consumption 15 mW/ch 0(5.6M) channels charge over_pe
] [ 4
Muon requwement The real input for ASIC

Readout design for ECAL and HCAL covers the requirements of Muon detector: N, < 100, o7 < 0.5ns
Use the ASIC scheme from ECAL or HCAL, and customize the FEE based on ASIC.
Revise according to the constraints from cooling and mechanical structure of the detector 4



SiPM ASIC requirements & remain issues ot
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Previous experience: Voltage Amp-Shaper-Disc. ASIC for SiPM @CSNS >
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Fapaax ]# 40Msps 12bit Pipeline ADC (tested)
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Requirement of LGAD detector

Ladder
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Module
140mm x 160mm
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Wire
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Module
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Data size
Event rate

consumption

TOA, TOT
~70

70mm * 0.1mm

(10°FTEHR, &

AT 12818 )
~10 pF
=16fC

~50 ps

~10 um
3780 (14cm*14cm)
83160 (12818 /chip)

A0-48 bits
140 Hz / cm2
20mW/ch

480

11520

40-48 bits
35K Hz / cm2
20mW/ch
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OTK AC-LGAD ASIC/M &5 “
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Timeline for all the FE ASICs — SiPM FE for CAL & Muon_—>:

2024:

— Detector’s final requirements to FE
— SiPM’s final selection for FE design

* 2025:

— The first version of SiPM ASIC: with main analog performance and basic digital functionality
— Test & verification of the SiPM ASIC 1% with main performance

* If mostly verified — T . If critical issues found

« 2026: e 2026:

— Chip debugging & optimization (2" MPW) —  Contact for existing chip (minor modification might
e 2027 needed); find for (international) collaboration

— 15t Engineering e 2027:

— Prototype for the 7000chn HCAL — 7000chn HCAL prototype based on xxx chip
« Comment: o 2026~2029:

— Rough price of the existing chip is too high for a —  SiPM ASIC design with 2 MPW + 1~2 engineering

mass production prototype run, aiming for real CEPC CAL

— Self-R&D is necessary for the final CEPC ECAL

17



HGCROC2 overview

Overall chip divided in two symmetrical parts

. Each half is made of:

— 39 channels: 36 channels, 2 common-mode, 1 calibration

—  Bandgap, voltage reference close to the edge

—  Bias, ADC reference, Master TDC in the middle

—  Main digital block and 3 differential outputs (2x Trigger, 1x Data)
Measurements

. Charge
—  ADC (AGH): peak measurement, 10 bits @ 40 MHz, dynamic range
defined by preamplifier gain

—  TDC(IRFU): TOT (Time aver Threshold), 12 bits (LSB = 50ps)
— ADC: 0.16 fC binning. TOT: 2.5 fC binning

. Time

—  TDC(IRFU): TOA (Time of Arrival), 10 bits (LSB = 25ps)
Two data flows
e DAQ path

— 512 depth DRAM (CERN), circular buffer

—  Store the ADC, TOT and TOA data
— 2 DAQ1.28 Ghps links (CLPS)

*  Trigger path
—  Sum of 4 (9) channels, linearization, compression over 7 hits
— 4 Trigger 1.28 Gbps links (CLPS)

Control

. Fast commands
— 320 MHz clock and 320 MHz commands
— A 40 MHz extracted, 5 implemented fast commands

. I12C protocol for slow control

Ancillary blocks

. Bandgap (CERN)

. 10-bits DAC for reference setting

. 11-bits Calibration DAC for characterization and calibration
*  PLL(IRFU)

*  Adjustable phase for mixed domain

! ZMEGA

Microelectronics

TWEPP 2021

FPhase Clk 400
Shifter | o [ FLL I ----------------------- Fast commands
Ll <-4 comm port
BxRst - - -
Clock and control path
L] v v
Readout path
T2x L1
% ADC \ drmg : N
1
Latency T : Data
PA e TOT [ : A 78x | readout
manager encoding Cireular [ : manager
. 1 )
L TOA /ﬂ Bufler : 2x _Data
» link
DA path
A Iy i

: Dugital : “‘\. o i

o (. ‘ 7 bits - Trigger

LLn(:EIzga:ion —» > =% Truncation readout

i : (4 or 9) | Compression manager

. 4x Trigger
link
Calibration b Slow eontrol
mjection ToT/Tos Voltage comm. port
Lzl References Slow control path




X% DIET

( Analog Front-end Digitisers Data Outputsw
e 9 | Tdiscrimmator | - L E<2:03
ront-en -discriminator » .
IN<0> Amplifier ﬁ- = 10(+1) bit ADC =293 Registers
D — L E<10:0> :
IN<1> - T-discriminator Ht—» T >
':ﬂ:lizﬁ ?- | = 10(+1) bit ADC| —>] Registers
-inte » »
L ] L]
64 Channels e .
L] L]
IN<63> Front-end | T-discriminator T
lifi =1 10(+1) bit ADC| —> Registers
Amplifier > >
L] T 1 y
SPI Control | Clock | Serializer
BIAS Configuration Coarse Logic Module |~
\ Counter - Y y
v, L2 A\
Monitor  Slow Controls  Wire-or Conversion Clock Inputs Data Outputs
Controls (LVDS) (LVDS)

CH-A

Sub-channels

Table 1. The specification of the DIET ASIC.

Parameters Specifications

SmA

0 ~ 46 pC (Low Range)

0 ~ 96 pC (High Range)

Better than 1%

10 bit (1 extra bit for calibraion)
~25pstms @ Cj, = 12 pF and
threshold is 20 photoelectrons (80 pA)

Maximum Input Current
Input Dynamic Range

Integral Non-Linearity for Energy
ADC Resolution

Timing Jitter

Figure 1. The block diagram of the DIET ASIC.

(Fine) TDC Resolution 10 bit (1 extra bit for calibration)
(Fine) TDC Bin Width 25 ps
Power Consumption 5 mW / channel
Conversion Dead Time 12.5us
Readout Bandwidth 200 Mbps
Number of Channels 64

One Channel T-Discriminator h

5-bit e 7 ﬂf
Global DAC 7-bit Local j /.».
DAC
Front-end Amplifier

Gain o
Adjustment

E-Integrator

Figure 2. The block diagram of the analog front-end circuit.




2%t F: SPIROC2C

2
TABLE I SPIROC MAIN SPECIFICATIONS
dynamic range 80 fC — 200 pC
signal to noise ratio ~7 (SiPM gain = 10°)
analog output INL <+1%
SPIROC2C [ DIGITAL PART ) povant | pedestal uniformity c=2mV
data
10bItTDC :E e i s :é. Chmg;lmq)mr et crosstalk < i03%
m;% ) < 2 E & E Time output
Fomp ADC effective noise charge 1.5 x 10° electrons @ 50pF (50ns shaping)
. i N ADC resolution 0.6 mV (LSB)
: | e e = ‘: g et
g |, ol | P | P k] |7 e | | omem L time walk @ 1/2 MIP 3ns
:E | » Res > ;[ :pf_l;lj """ I t'giQ_lilﬁ | = ADc | C'hﬂrg:luu(p\\t
E 3] can |mte y T output time jitter @ 1/2 MIP < X2ns
’ NE » e e =_/I/_'ru-1 “““ -/—-_L—/_TQH [Mdarge n :
: et T | (M | trigger efficiency 100%@1/3 photon electron
! 6.25 fF. ;»:::Ll:g : A]:l;:;‘(l
: Deayed Trigger | trigger noise 8 mv
| ~ pa_hg 1. .
i ﬂ;F :;é ',;' | pISCRI @ - :%) ORiD mput DAC INL < i?%
\ g ’ input DAC range 0.5-45V
\ Y
A 4hit DAC £
A Trigger threshold DAC range 2V
Ll threshold DAC INL <+1%
power consumption 25uW per channel*
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ALTIROC C(vernier )

= i) — 1 » feE==s=msmsmEmsmEmEmsm=m=== bl
® S FH i s 18 A0 TR A £ 4 —1, aCAg :
- ctector | L1
¥ +F |5 Ca +-
O[]/ #f: 25ps @ 4fC i | !
HY — i T kit TOATDC
E * — —r— | reamp Discriminator I 7 bits !
.%% T-l_lamm 1.3mm (C5_4pF) I | ey Ao I Time measurement (TOA, TOT)
I I ' = Hit Data
@1 }t: 4.4mwW/ch L | Z\ ! . TR D
: I H
I Vih ~ : I [
TABLE 1L ASIC REQUIREMENTS | ! !M EGA I TOA t TOE, TOT TDC - 117 bits
_— . | ] - 1 + > 1 Range 20 ns [ ]
Crileria Max. Conditions | Microelectronics TOT I Bin 40 ps 1
Total ht jitter  initial : 35 ps atlofc - =memsmsmsmesmm—————===== ! i I
final - Tl ps at4 fC \ _/
L, Landau jitter 25 ps for un-irradiated LGAD
L Clock jitter 15 ps
L, Electronic jitter 20 ps Prrmtrmsenessnsmmassssssssssssssssssssesssenssnmmsnmenn E or——T—— 71— 7T 1T
L, Time walk jitter 10 ps 5 Time-to-Digital Converter (TDC) : = _F 1
|, Front-end jitter 10 ps | 1200s  120ps  120ps  120ps i 3 70p E
L, TDC jitter 10 ps H : 5 - ®  ATIROC plone C24pF Dirac fostbanch) 1
TDC conversion time 25 ns between 2 bunch crossings ! i 60 2 ®  ALTIROCssensor Dirac (lestbench) E
: E 0 ]
Single PAD noise (ENC)  3000e  (=0.5 fC) : 501 K e o i —
Minimum detectable charge 2 {C E .
Dynamic Range up to S0 fC 40 - o =
TID tolerance 2 MGy . ) |
Meutron fluence 2.5 10" peglem? ! 30 - - o g=
Full chip SEU probability 5% per h | 140ps  ops 1d0ps  140ps 140ps - s o 4 ]
Supply voltage 12v : 201 * 38 s . : $ 849 ¢ B
Power dissipation 12W  Full targeted ASIC : 225 ch. L - ¥ 0 e
L, Per channel 4.4 mW 10 - =
L, Comimon part 200 mW E . | | | i |
Temperature =30 °C (£ 10) and room temp. for qualif, 0 4 8 B 10 12 14
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