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ROC chips main structure meqga
1 HGCROC / H2GCROC (for SipM) and ALTIROC are LHC colored ASICs (external L1 trigger)

U Below is an calorimetry structure (not pixel like ALTIROC or EICROC but interfaces are similar)

Dedicated fast command
_ _ / interface : calibration
Mixed ! Dlgltal L1A Fast commands

Analog! <« .
| | ¢ * oort pulses, external trigger.
>>—'> ADC |»|
| | R —
' l A Data | 2
— >—» AD . /> : :
. K : g 3™ RAMLI= M ™ Jinks Data and trigger serial
2! 'E 2 - links with CLPS signaling
- |5 | (LpGBT @ 1,28 Gbps)
— ADC || 3 : : A
*D_'> ' Trigger Trigger |_%
! | ™| algorithms ™ links |
—->D—,> ADC |-
' ' Slow control | <€
I | port (12C) +—
LHC-like structure : 12C interface to load the
Ram1 for data storage ASIC parameters
Ram?2 for L1 accepted events (slow control interface)
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HGCROC overview

(d HGCROC integrates 72 channels to readout (+2 Calib, +4 CM):

0 192-ch sensor with a 64-ch configuration
O 432-ch sensor with a 72-ch configuration

Analog: Mixed :Digital

I [ L1A Fast commands |q— e / LpGBT
I | | port —
e[ ADC [4e m
| |
R
ADC | Data Tx | 2
PUADC I a1 AT e [ — ECON-D
T I -y 2
A T T I
1 1 - ; 4
> >—»{ADC > o 11O X ECON-T
>—Le[ADC el
: : Slow control [
: : port (12C)  |[€—
! ! GBT-SCA
SelTC4 # channels | #chin | #Dag-link | # Trig-link unused channels
used eachTC | @ 1,28G @ 1,28G
0 72 9 2 2 -
1 (default) 64 4 2 4 (8,17, 18, 27)
(44, 53, 54, 63)
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From HGCROC to HKROC (neutrino)

HGCROC for the endcap
calorimeter — Phase Il

6M of Silicon channels
(+ 240k of SiPM)

Radhard (200 Mrad)
Low Power (15 mW per chn)
Precise timing (25 ps)

Total of 150k ASICs needed
Pre-prod this year
Project started in 2017

mega

HKROC was developed in
6 months

Same ASIC structure (floorplan)
Same ADC and TDC
Same readout

New preamplifier
New digital processing

HEP trend => imaging calorimetry
O High number of channels
L Charge and precise timing (<50 ps)
0 Low power + System-On-Chip

Based on HGCROC, HKROC-based electronics will provide a versatile, low-
power and fully integrated solution for large neutrino experiments
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From HGCROC to HKROC ! !mega

[ HKROC is 36 channels: 12 PMTs with High, Medium and Low gain

L Charge (2500 pC) and time measurements (25 ps)

f ZIVIEGA

Microelectronics

1st PMT input
4

R1

RIN=50 Q
RO

2 pF :

MEDIUM'
R 3 cain

2pF
——
Low !
GAIN |

R3

HGCROC front-end with
almost no change

_ o _ _Cocks___ _ _ ] Control signals
fast - — l+k
controls clocks
—D\ Readout
Latency Event | fecadout | o
manager
%handler ) buffer 1 | 4, %
\
— SH ADC —>\ atency Event [ ] L Readout |
manager
% handler / buffer 2 -
~ Digital processing 1.
_% ADC Ll iency bvemt ¥ Lyl Readout |
manager
% handler ) buffer 3 [
\
— SH — _’Latency Event > B ﬁzﬁgg —
handler buffer 4 -1
Reference voltages W Slow control path Configuration port

DAC
Thresholds

Tunings

12C

HKROC is a waveform digitizer with auto-trigger (half HGCROC)

Experiment specific

back-end
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HKROC: waveform digitizer with auto-trigger

d HKROC is waveform digitizer working @ 40 MHz

Q Number of charge sampling points from 1 to 7

L Fast channel for precise timing (25 ps binning)

L Charge reconstruction algorithm in FPGA

HKROC can accept consecutive events (separated by ~30 ns)

Readout speed is only limited by serial link bandwidth (average values above)

Trigger
(Time)

Internal HKROC memory writing is without dead time

-

This auto-triggering scheme could be added to
HGCROC-EIC
(same front-end, new back end)

~
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What HGCROC-EIC could look like
d HGCROC / H2GCROC (for SipM) with the integration of auto-triggering

U Below is an calorimetry structure (not pixel like ALTIROC or EICROC but interfaces are similar)

Analog! Mixed ' Digital L1A  [Fast commands |<—
| | port <+
— > ADC e -
— I ADC I A Data 2
>LADC |01 5 —5 RAM L —by | =3 o [
_ R S
- I - I g;% 2
- : | é‘
| =
— -
} > ADC |- Trigger Trigger |_%
| | —» . —> —>
algorithms links
] } I _|>—
I I Slow control |<€4—
I I port (12C) <+

- Check Hit rate

(Same as HKROC)

\_

- Each event passing the threshold is readout

- Auto-trigger with N “samples” (1 to 7)

~

J
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Analog' Mixed
|

| |
— ADC/tpC |—Pp»]
|

|
— > {roer}s
|

I Digital

N x L1A Fast commands

t

port

2
Data /

Latency handler

|
ot -»_

links

N <> €

Slow control |<€—»
port (12C) <+

Trigger
(Time)

Example with N =5



HGCROC/HKROC internal clocking scheme meqga
320 MHz
clock Data
c |
l l Parameters |€———————— I2Cslave |« PAD
->
Cki2c_ A
[ 320 MHz ] Fast Tﬁck@
Cki2c_C
Fast command (FC) commands Ckatfe A - — .
PLL | CI?SIB?BC d'(\,;'%er <~ commands «—— PAD
< c_ 0 decoder Data |<¢—
Ckd40_pll
40 MHz 40 MHz cmeo_pul le‘S“O—p"
: Clk320 rx | RX |<—
free running FC phase locked Phase —— PAD
Ck40_mix ]
Ck160_mix Ck40_mix Clk640_pll
Main l ey 3x Ck40_fc
12C logi PLL = \
Oglc E S ™ |—»
Analog + mixed S Main core Logic p Strallzer PAD
signal logic Y| (RAM / DAQ/ Trigger) Logic Data |—p
2 4x Trigger
2x Data

40, 160, 320,
640 MHz

Serial
links

ADC - TDC

\_

Propagate 320 MHz

Same as HGCROC-HKROC-ALTIROC- (ECON)

-
Preferred clocking scheme (no change) - HGCROC-EIC
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From HGCROC/HKROC to EIC (alternatives with 200 M) S Zmega

 Propagate a 200 MHz (twice EIC clock) 200 MHz possible for FE ASICs ?
5b new FC unit

Q New fast command needed with less commands (32 instead of 256)

O Able to recreate 40 M 200 MHz Fast
O Need to verify duty cycle impact but seems limited Fast command (FC) commands

U Close from HGCROC — HKROC but only if needed / l
(v ) (o oc=a) |

Idle Default, clock phase inside IT5E MUTITE FC phase locked

’
External trigger Pedestal measurement |l l/ \.
Calibration Int 800 ns calib pulse 12C I\/Ia?n PLL
Calibration Ext 100 ns calib pulse ECIE

ChipSync Fast digital reset l

Link sync idle pattern for 400 cycles 40, 160, 320,
Counter reset Init counters [ 640 MHz ]

— /\

Not 50 % duty cycle (pll input) . Serial SR - TTE
links
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Conclusion

d HGCROC could be transformed to be auto-trigerred
O Analog front-end + ADC/TDC remain the same

d ASIC internal clock should remain 40 MHz

U Limited by ADC (and also the TDC)
O Ideally keep the fast command unit (320 MHz + Data both differentials)

O Alternative with internal 40M clock coming with a 200 MHz

[ Hit rate should be checked (1 signal above the threshold will
output N (3 or 4) points
0 HKROC (N=3): 1 serial link @ 1,28Gps for 9 channels => max 100 kHz rate
d Can be exercised with existing HGCROC and L1A

EIC 2023

mega

Analog! Mixed ! Digital
| | ]
— o > rocred -]
| |
> > o 5
| | =
. - E
- | - (I
- I - 1|2
- - 5
| | =
— > oo} a3
| |
— >—e{roced el
|
|

NxL1A Fast commands |<——
port <+
R
A Data | 2
M ks 7>
2
Slow control |
port (12C) <+

Trigger
(Time)

Example with N =5
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Backup
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From HGCROC/HKROC to EIC (alternatives with 100 M) mega

J Propagate 100 MHz [ 100 MHz only ]
O Not able to recreate 40M 5b new FC unit

O Not ideal 100 MHz Fast
Fast command (FC) commands

l

[ 20 MHz ] [20MH2(DC=2/5)]

free running FC phase locked

| \

12C PLL

40, 160, 320,
640 MHz
Command 256 -> 32 possibilities ? / / \'
Not 50 % duty cycle (pll input) - SlférII(al ADC - TDC
INKS
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From HGCROC/HKROC to EIC mega

 Depending on the “hit rate”, we could move to
an auto-triggered architecture (like HKROC) [

O 12C must remain independent of the PLL (to load the
parameters during startup)

O ADCis not able to go higher than 40 MHz =» need to l 1
remain the same
[ 20 MHz ] [ 40 MHz ]

ADC max operating freq. is 40 M free running FC phase locked
with all corners (tricky object) l

100 MHz 320 MHz Fast
EIC clock Fast command (FC) commands

12C must be attached to a free
: 12C PLL
L running clock )
Try to not change clock architecture l
) ’ 40, 160,320, |_—
( ) 640 MHz
40 M phase is controlled / / \

Serial
Clock loop ! Not usable . links ADC - TDC
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From HGCROC/HKROC to EIC (alternative with 40M) S Zmega

3 Propagate 40 MHz instead of 320 Mhz [ 100 MHz to 40 MHz in FPGA ]
(selected phase wrt 320M)
O Need to wait the PLL to receive fast commands
: 40 MHz ] Data only
L Possible, not preferred due to the clock loop 320 MH2 Fast
O Need to be aligned with the 40M of the ASIC Fast command (EC) commands

Ny

with all corners (tricky object)

[ ADC max operating freq. is 40 M ]

12C must be attached to a free Main
: 12C : PLL
. running clock ) logic
Try to not change clock architecture l
. g 40, 160, 320,
f ) 640 MHz
40 M phase is controlled / \
4 )
Possible clocking scheme - HGCROC-EIC Serial ADC - TDC
links
Propagate a 40 MHz (aligned with 320 M)




HGCROC detailed

O Detail the functionality of this part

 Detail the design process used

[m————————————

Phase _: Decoded clock40M
Shifter | ke T Fast commands |<q—
I Internal & - comm.port |€—
Fast comman
Clock and control path ! ast commarids
v v R
DAQ path | 7 \ Readout path
@hn * | ADC : decoding _| Ll H —P>
: ‘ I | triggered G
> Latency | I TOT H Circular ! EYE?; M Dgta t
L — readou
enr encoding_> 4 Buffer '8 ' ] manager
manager M I N
M I G + CRC
I RAM2 2x Data
———3 TOA [ -1 .
\\ N RAMl/— >/ link
* +4 CM and 2 calibration channels : e
A A e N
: h' //7D@wl 7 bits ™| Trigger
Charge || :
Ul Linearization T = ™ CTruncatlo_n readout
: (4 0r 9) ompression manager
I Trigger|pat )
I 4x Trigger
I \\\perchannel//\\\¥ 16x / 8x trigger cell unit link
l ---------------------- [
: | |
I DAC Bandgap <W T i Slow contro
|
thresholds References J Slow control path :
HGCROCvV3 - Dec 01, 2020 e o o o o e -

d

15



Main experimental results with HKROCO - Pile-up mega

d Measurement with 2 events separated by ~30 ns (full chain: analog, digital and reconstruction)
O Signals auto-triggered (internal prommagble threshold)
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High Granularity Timing Detector in HL-LHC ! !mega

Talk on the lonqg Flexible Printed Circuits

LGAD sensor 1 MIP

1.3 x 1.3 mm? - A ASIC’S REQUIREMENTS from Marisol Robles Manzano on Thursday, 9h20
Thickness = 50 um : P

Cd =4 pF 15.2 pA

Cathode
Ring

=

Capacitors  Resistors Wire bonding
for HV

Wire bonding —_ Assembling with
Sensor -~ insulating glue
Q0000 OOOOOOO®O® O® O Bumpbonding

ALTIROC

::::i::::_k ::::—

e Anode
w Ring

ATLAS HGTD Electroni€ 283§ EPP Bergen — 20 September 2022 17



Mk ATLAS HGTD: ALTIROC ASIC

« ALTIROC (Atlas Lgad Timing Integrated ReadOut Chip)

—  Design under OMEGA responsibilty - Collaboration CERN Geneva, LPCF Clermont-Ferrand, IFAE Barcelona, SLAC
Stanford, SMU Dallas

— 20 ps timing silicon timing detector for jet identification and pileup rejection

— Pixel ASIC for precise timing measurements

Qmin/Cd ~ 500 pV with Cd ~4 pF (1300 x 1300 um2) and Vth min= 2 fC to be compared with other timing
ASIC for which Qmin/C > 2 mV with Cd ~ 50 fF (50 x 50 pm?2) and Vth min=0.1-0.2 fC

— Mix of requirements specific to calorimetry and some of the requirements specific to pixel ASICs for
trackers

— Mix of Analog on Top design for the floorplan and analog performance + Digital on Top design for
digital part (70% of the ASIC)

— ALTIROC2 : first 225 channels full matrix LGAD readout chip with 1 GHz preamplifier 4 pF detector
capacitance =new territory in HEP

* See details in
https://indico.cern.ch/event/1127562/contributions/4904499/attachments/2511666/4317317/
ALTIROC2_ATLAS HGTD.pdf

B —. =S

- v e
fastcommand elink  40MHz ck  i2c link 320Mb/s, 640Mb/s or 1.28Gb/s 640Mb/s elink to
from IpGBT from LpGBT elink to IpGBT 1pGBT

ALTIROC2= 2 x 2.1.cm2 -
- 15715 pixels

. PA+ discri + TDC + SRAM.
+ all digital blocks




