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¢ HGCAL covers 1.5<eta<3.0

mass~200T
each endcap

C Full system maintained aB0cC
C ~ 640 m2 of silicon sensors, 6.1M Si
channels, 0.5 or 1.1 cm2 cell size
C ~ 370 m2 of scintillators, 24Gicinttile

channels

262m

r=

C Data readout from all layers
C Trigger readout from alternate layers in-EE&nd
all in CEH

C Active Elements
C Electromagnetic calorimeter (€E5: Si,
Cu/lCuW Pbabsorbers
C Hadroniccalorimeter (CH): Si &
scintillator, steel absorber

L LDHB
¥ x3 HGCROC
C New Frontend electronics @\
C Two versions: Silicon argiPM '_,)
C Rad.toleranf{200Mrad, 1.1016neq/ cm?)
C Power consumptioni5mW per channel HD HB ) <
C Noise: 0.4C x6 HGCROC ¢ L)
g o
C Charge: 0.2Cto 10pC ’ R
C Pileup mitigation: Fast shaping (peak < 25 i @9

ns), precise timing capability (P5) _
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A

A

Jan 16 SKIROC2 CNBNEPP 2016]
A SiGe350 nm 7x9 mm?2
A Dedicated to test beam and analog architecture (TOT)
May 16: ®test vehicleTV1
A CMOS 130 nm 2x1 mm?
A Dedicated to preamplifier studies
Dec 16: Ztest vehicleTV2[TWEPP 2017]
A CMOS 130 nm 4x2 mm?2
A Dedicated to technical proposal analog channel study
July 177HGCROCJIWEPP 2018]
A CMOS 130 nm 5x7 mm?
A Wire bonds
A All analog and mixed blocks; large part of digital blocks
Feb 19HGCROCECHEF 2019, IEEE 2020, TIPP 2021]
A CMOS 130 nm 15x6 mm? |
A Bump bonds
A Silicon andsiPMversions (for both 2 and 2A)
A Final size, packaging an®¥
Dec 20HGCROJIWEPRO021, IEEE 2021]
A CMOS 130 nm 15x6m?
A Bump bonds
A Silicon andsiPMversions
June 23HGCROC3b
A CMOS 130 nm 15x6 mm?2
A Preproduction

HGCROC - FEE 2023 - Torino

High Density (HD) and Low
Density (LD) packages



HGCROC3 overview

Overall chip divided in two symmetrical parts

w 1 half is made of:

¢ 39 channels: 18h, CMO0,Calih CM1, 1&h(78 channels in total)

¢ 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

w Charge

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

¢ TDC (IRFU): TOT (Time over Threshold), 12 bits (LSB = 50ps)
¢ ADC: 0.2Cresolution. TOT: 2.8 resolution

w Time

Il

AGH

a

Irfu

% { ZI\/IEGA

Microelectronics

¢ TDC (IRFU): TOA (Time of Arrival), 10 bits (LSB = 25ps)

Two dataflows
w DAQ path

¢ 512 depth DRAM (CERN), circular buffer
¢ Store the ADC, TOT and TOA data
¢ 2 DAQ 1.2&bpslinks

w Trigger path
¢ Sum of 4 (9) channels, linearization, compression over 7 bits
¢ 4 Trigger 1.2&bpslinks
Control
w Fast commands
¢ 320 MHz clock and 320 MHz commands
¢ A 40 MHz extracted, 5 implemented fast commands
w 12C protocol for slow control

Ancillary blocks

geeeeg

Bandgap (CERN)

10-bits DAC for reference setting
11-bits Calibration DAC for characterization and calibration
PLL (IRFU)

Adjustable phase for mixed domain

Ph
Shﬁtseer -7 T e Fast commands fe—
L1A == comm. port -
Clock and control path BxRst == — 320M
| Pointers & Logic |
DAQ path L1 Readout path I
decoding H
E» * Al 1.28Gb
. Data
T d|M
| Latency | | TOT | _|H 8 rg?;r? M readout
| PA > TOA manager encoding A Gircular I FIFO |1 manager
M +CRC
M Buffer N H ox Data
| RAM2 |G -
RAM1 -1
N
G
Xx78 channels (72 + 4 CM + 2 calibration channels) 1 .28Gb
i ,
! | [ pigtal 7 bits Trigger
Lingl;z;g?ion : 2 ™| Truncation readout
| (4org) | |Compression »| Manager )
| 4x Trigger
per channel Triggerpath  16x / 8x trigger cell unit link
Y
I)C
Calibration DAC Bandgap Slow control
niection ToT/ToA [ Voltage comm. Port ::
J thresholds References 12C
Slow control path
D : Triplicated

HGCROC - FEE 2023 - Torino



Analog Channel Overview gSiIicon versionz ! !mega

w Calibration pulser, 0.5pF and 10 pF calibration cap. A Compensation for théeakagecurrent, 50pA max. (noshownin
w Preamp: adjustablegains for 80, 160 and 32Cranges the figure)

@ TunableTOT over 5 bits A SallerKeyshaperRC41p<25 nstunable(~20%)with 2 bits,
4 BX+1/BX<0.2
ot A Temperaturestabilizationto < 0.5mV/K
’M A 10bit ADCirom Krakow AGH
—— A TOTand TOATDCgrom CEARFU
& W L " iy |+

Calibration Circuit

-
A

=
a

?’ u ——o Vth_fot m
L vYY
TOT DISCRIMINATOR 52 5K =
5K = K =
Vref1 Vref1
o 9 SAR ADC (10b)
Krakow

Vref2 + 3K
. To‘ééi‘fl‘ntﬁps) 233 RtR ampli AVAVAV | -+
Vth_toa _in — 116 pF RtR ampli

A

10001 Channel 44
—— ADC

TOoT
8007 — TOA

600

o v [
8 I
o TOA DISCRIMINATOR 1 .
400 =
500 fF
—
200 4t
iy
TDC (50 ps)
0 - e——
0 100 200 300 400 500

Charge [fC] HGCROC - FEE 2023 - Torino 5



DACs & trimming mega

A 12 bits calibration DAC
I ~2-3mV offset due to leakage current (17 1.5 fC)
I <0.1 % linearity, temperature sensitivity: 60 ppm/K, stable after 350 Mrad
A Four 10-bit DACs to set pedestals, TOA & TOT thresholds + 3 channel-wise 6-bit
DACs to reduce dispersion per channel
I Pedestals: ~ 3 ADC counts dispersion after trimming, TOA & TOT thresholds: 1-2 DAC counts after
trimming

A 8-bit input DAC to compensate for the leakage current up to 45pA

I Additional noise as expected from simulation
10-bit global threshold scan

| +  Half0 INL: pk-to-pk=0.128945 175 i . 1.0
0.1% (erdrorsrerurerearr————————— - —HalfL IML - pketarpk=0.152444 -] i

150 . — . : 0.8/

° ~1
) L 125 0.6

& ()] ©
= fe) |
z < 100 0.4
0.2
75
0000090000000%,%0000,90%00, 0000000 0®00000000%00s2000000000000000%00000 0.0 . = o Sty
N 50 ! I I ] ! i ! ! 160 180 200 220 240
e 50 - 0 10 20 30 40 50 60 70 Toa_vref
channels
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Test boards and signal

Flip-Chip on mezzanine HD BGA board

k‘!OO —— channel 10 S
‘ «— channel 46 700 —e— channel 10 w0 — am
600 L Version 2 o [ B T chapnels >00 -
\ — ch20 — ch29
g 500 125 fc 400 3 — 12
q Gain = ~0,18 fC/ADCU g 500 i “on
o _<_(. s — ¢h3l
3 400 o 400 % 300 — h23 — chl4

= o
= S © hé  — ch32
ot =] —_— h24 — hl5
= = 200 T
. < 200 " —a
100 9 — h35

100 \-—
100 0
| | ! | . ‘ ‘ : 0 0 20 40 60
=50 -25 0 25 50 75 100 125 —50 -25 0 25 50 75 100 125
Delay [ns] Delay [ns] [ns]

Separates effects from the BGA substrate and PCB
Rising time (1®0 %)~ 15 ns

Falling time (10 %): ~ 30 ns, < 20 % at BX+1
Good uniformity over the channels

Digital 40 MHz clock coupling on thraloginputs

Too J>0 T>0 J0 J>o
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A A

DC range
A Linearityin +/- 0.5 %

A TOT range

1000

500

[ADC]
INL [%]
o
v

noise [ADC]
N

[

A Linearityin +/- 0.5 %

A Jitteraround25 ps (50 ps binning
A TOT 120-10 compression visible on thigter
A Crosstalk~ 12%with internalinjection (positive)< 0,2%with externalinjectionfrom pulse egative

dynamic range: 80 fC
—— dynamic range: 160 fC
—— dynamic range: 320 fC

0 100 200 300

gain 8.6 adc/fC
—— gain 5.1 adc/fC

—— gain 2.6 adc/fC
0 100 200 300
0.27 fC
— 0.31fC
1900 e- — o7
! { 2680 e-
0 100 200 300

charge [fC]

[TOT]

INL [%]

200

100

N

jitter [TOT]
'—l

o

dynamic range 80fC
—— dynamic range 160fC

—— dynamic range 320fC

gain 0.4 tot/fC
—— gain 0.3 tot/fC
—— gain 0.3 tot/fC

400 500

200

300
charge [fC]

400 500
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INL (%)

tot [ns]

tot jitter [ps]
=
o
S

150

0.5

0.0

-0.5

-1.0

Charge ! !mega

Tot{"1",TOT[11:3]} 10 "
Tot[11:0] ——— | 10 P Tot
Tot[9:0]
Tot[11:9]=0 ?
TOT linearity and Jitter (w/ 47pF sensor capitance)
—— ch20
TOT up to 10 pC
2 10

‘ —— ¢h20 [floor=25ps]
| M by i Hm il M» i
“H'l :\|u \Ml “ t ‘w i

\

} ‘

‘ | \ ||\| i |\|wuu| nhwuhl |||\\|Hl“| ;
2 4 6 8 10

2 4 6 8 10
charge [pC]




Noise

w Measured noise with 50 pF input cap0.3fC (< 2000 electrons)
626 ) |

(6

O0O60B) OLoOom x o00z'Q

¢ Seriesnoiseextractedas e = 0.79nVk K | 1

11 phH
¢ Preampcontributesto ~75% to total noise

0

w Very low correlated noise contributior:0.05fC

w Coherentnoiseextractedby comparingdirect andalternatesumson nchannelgn =72):

0°Y Bn Q@®;o Y B( P )n QO
¢ Incoherentnoise OO 1 & 0 "VIVE

¢ Coherentoise# .

4500

JU &OY 0 @b W

o)

—e~ measured ENC [160fC preamp gain]
—e— measured ENC [BOfC preamp gain]
4000 { measured ENC [3201C preamp gain]
== simulated ENC [160fC preamp gain, 300K]
=== simulated ENC [160fC preamp gain, 240K]

3500

2000

s Spec 2500 e-
e at Cd=65 pF
|

sensor capacitance [pF]

. = =J23 - Torino

Py i

sA=LR6 pF (simulatiogives0,75nVk K | 1 £ 72 P 0.00

mega

Correlation [chip 0]
0 4 8121620242832364044485256606468
0 .

0.15

0.10

0.05

—0.05

—0.10

64

—0.15

channel

Full chip0 (76 channels)

104

IN: 0.24 fC
CN: 0.05fC

103
m

il

20 40 60 80

L]

10

10!

10°

Coherent nois@xtractedby comparingDirectand Alternate
Smson nchannels
0°Y Bn Q@andd Y B( p)j Q@

v )

) . 7 and#.

correlation



Extra noise due to Leakage current

A After irradiation, the sensor cell is expected to leak up to 50 pA

A Need to compensate for maintaining full dynamic range

32 10&
I

i |-Dacs: ENC2 = A*2%|__,
i R-dacs: ENC2 = A*l_, + A*4kt/R

A At 10 pA leakage, 1550 electrons vs. 1000 electrons

Leakage noise

Leakage s smtsuon) = SATENC o, *-ENCIOT?) “TT <2ql -V > SUmV‘

3500 . =
LeakageNOlSE(calculatiun) = 166.i,.sqrt(Tp) Lot « N=2
with i,? = 2.N.q.l,.qand Tp the peaking time (ns) PR ¢

”»’

3000 ’*.“¢o

—e—Rdac= Rdac=1 Pt

-
v’
.

2500 Rdac=

0
2
. s N=
= —8—Rdac=4 —8—Rdac=5 .’ =8 N=l
c *
S —8—Rdac=6 —8—Rdac=7 P
£ 2000 -
L4 [
7] 1
2
. * -
L]

20 25 30 35 40 45 50
leakage (uA)

HGCROC -
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noise

mega

PR

I

b<0=

|

b<1>

b<2>

b<d> b<5> b<6>

be?>

ADC and noise wrt. input leakage current

50
S
[m]
<
40
5 10 15 20 25 30 35 +
1500 ———————————
I R S
500 ENC, = VENC, o lleak]? — ENC o[0T
T fit: ENCp * \’E
0 ENC, = 231 electron
5 10 15 20 25 30 35 =

Leakage (pA)
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Digital modulation on mezzanine mega

N
o

A Analog front-end very sensitive to the ground and BV
I gain = Cg/C; ,, >100, 1 ADC count = ~ 10 uV on ground
i Ground: very low impedance C planes above and below
the inputs layer

Amplitude [ADC]
=
o

o

0 20 40 60 80 100 120

A Capacitors inside the chip for decoupling VDDD
A 2nFin HGCROCS3, 16nF in HGCROC3A
A No obvious difference observed 10— % o 5 %

std [ADC]

Digital coupling amplitude vs. channel Digital coupling amplitude vs. channel

F A t | — LDROCv2
. LD ROCv3

=1

—
=
=
-
—

l —— HD ROCv2 Y S |
; HD ROCv2 [nc dlg Cap-] f.l I.'I I'.I A \' \f \ r'; i I'.II IlI '.I .-"-" : Il'nl I'II |II ", III- lII ,'I "' ,II .
—— HD ROCV3 [\/¥ [ V) AT L VAV

N
o

o)

\

ADC counts
= =
o u
ADC counts
s

un
[\

o

A, )
=4
= -
e i \r.I_-"-—r'—rl—-—r"-i R P N 4

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
channel channel

o
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HD package: 40 MHz coupling with the HD BGA on a Mezzanine

[ADC]

40MHz digital modulation [ADC - Pedestal]

HalfO

—— BGA4 [10°100nF O, Z¥B+100nF A]

—— BGAL [10°100nF D, OnF A]

—— BGAZ [OnF D, 2¥8+*100nF A]

—— BGA3 [100nF D, 2*100nF A]
BGAL [OnF D, OnF A]

— 101
Q
a)
S
5_

o

o

R

Channels

Pk-Pk BGAL [10¥100nF D, 2*5*100nF A]
Pk-Pk BGAZ [10¥100nF D, 2*5*100nF A]
Pk-Pk BGA3 [10*100nF D, 2*8*100nF A]
Pk-Pk BGA4 [10*100nF D, 2*8=100nF A]
Pk-Pk BGA1 [10*100nF D, OnF A]

Pk-Pk BGAZ [OnF D, 2*8*100nF A]

+— Pk-Pk BGA3 [100nF D, 2*100nF A]

Pk-Pk BGA4 [OnF D, OnF A]

’ 621 02-81 o-me

| VDDA cap.
VDDD cap.

IN_V cap (vdda_pad_ring)

f

&

» .
-

O

12



Time meqga

.. . 31 . _
A Minimum thresholdsetting i e e
A Dependingon theboard, limited by digitalmodulation § — dynamic range: 320fC
on pedestals 21
A Min. achieveds 15 fCon characterizatiorboard 2 |
A Timewalk <
A 25ns =1
A Jitter §
A 1.15ns/QfQ o §
A 13psfloor 100 200 300 400 500
TOA Time Walk and Jitter (w/ 47pF sensor capitance)
2.5 chz0
el 150
21.5-
El.ﬂ- ]
- ‘n
05| 2100 :
010.{) : 100 200 300 400 500 E :
1251 Nsgriiia’dl + lu-_:- E_‘ :
EIDD_ - [2:1153 B8; b:12.83] ’i
s 75 -
% 50
13" YNVAn e it eumie i 100 200 300 400 500
0 100 200 300 400 500 chargze [fC]

charge [fC]
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How to extract minimum toa and preamp noise?

d

S-curves: Toa efficiency as a function of the injected charge

Toa_vref=145, Phase_strobe=0

1.0 4
My a0l e adr et Toa_vref=145, Phase_strobe=0
0.84 h36  —e— 5 —e— M5 —e— chl4 - -
g hS4  —e— ch23 —e- Ch63 —e— ch32 —_ —
— — —— )
%9 ey e e £ 18- 090™"" %
o h37  —e— ch6  —e— 86 —e— chl5 in
g 061 S5 —e— h24  —e- ch6d  —e— ch33 2 ° og°
@ 2 e M2 —e= chll  —e— chS1 <+ 4
% h20 —e— hG0 —e— ch29 —e— ch69 > 16 P
. . h38 == ch7  —e— chd7 —e— chl6 ini
s 041  derivative T S ool emal 24l e o e minimum Toa threshold
= 3  —e— i3 — chl2 —e— 52 * T ® ... ° o - - -
o 2]  —e— 6l  —e= h30 == Ch70 U ® ° ®
= b o h39  —e— h8  —e= hd8 —e= chl7 o «® .. o o
0.2 A [ o h57 —e— 26 —e— Ch66 —e— ch35 = 12 L 0 U )
Y /) e 4 —e 4 —e— 13 —e— chS3 2 ® oo o
1 Y —o— h22 == ch62 =—e= ch3l =—e— ch7l S e
d ! T T T T T T T T
007]| e : : ‘ ) ' ‘ ' 0 10 20 30 40 50 60 70
7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 — °
) ® ® L]
= ® % g0 % "o ® 0! %e®
10 o 051 LIS % e ool ot o..o..
=3 ® L .. ® [ ]
- ... (Y ] ® L ] ® %
—
0.8 0.4 1 o® ]
3 o® . e Preamp noise
*
¥ 064 E 0.3
k] =
‘= = 0.2 4 &
%
% 0.4 1 - - o T T T T ..I ® T T T
From gaussian fit T
55 o Channels
- Mean C minimum toa threshold
0.0 - Siglaa.C electronics noise at the preamp output
7.‘5 16.0 12‘.5 15‘.0 17‘.5 26.0 22‘.5 25';.0
Charge [fC]

A 0,5 fC electronics noise at the preamp output
A 12 fC is the best we achieved

HGCROC - FEE 2023 - Torino

C minimum Toa threshold should be just higher than 2,5 fC
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Digital noise: Preamp output vs. Shaper output mega

Minimum Toa Threshold

LD SERMA chip2, Toa Vref = 145 =
25 i

o 0 . . . . P .
% 18 o00%T % wo Channel distribution of Min. Toa wrt. injection phase
2 ® ..' 751 -=
7 164 = =% — 0 15
8 wl %oe, . e minimum Toa threshold 2 s Lim B
;é ® . ° o o % 10.0 "
2 12 ""-'.-00. ¢
E ° e o . 75 12

0 10 20 30 40 50 60 70 I >0 ©
g 0.6 . 055 g
0 ® o o ®e, ° s * B
g o5 oo (90 %% ] =y P e % YA .
S e © L L - £ oas 5
S04 o “ |, e Preamp noise 2 o
* (=]
é 037 é_njs 4
% 0.24 .'..' .. @ 030 s
© : T y r r T T : 225 T y : y : y T :

0 10 20 30 40 50 60 70 o 10 20 30 40 50 60 70

Channels 020 Channels
01s

Injection phase = 0 T’
Injection phase =0 .. 15
Delta pedestal

Shaper output:
Chip 0 Digital coupling amplitude vs. channel - Gain=0,2 fC/ADC

N - Deltaped=271 6 ADCs
L =3 [ADC counts] 6 - Delta_pEd = 0,4 T 1,2 fC
o=1 [ADC counts]

15 [N}

= Preamp Output
. o - Deltaped =57 20 fC
(W]
2 2
5 I <t
0 DI 1 2I 3 4 5 6 -7 ) 0 . . . . . . . . .
Apedestat [ADC counts] 0 10 20 30 40 50 60 70 80

channel
HGCROC - FEE 2023 - Torino 15



Charge and time uniformity

slope [TOTUMC]

0.395 1
0.390 4
0.385 4
0.380 4
0.375
0.370 4

intercept [TOTu]

slope [ADCu/fC]

intercept [ADCu]
5

ADC Slope and Intercept

wn
]
L

52

5.2 ADCu / ch
(+/- 2%)

TOT Slope and Intercept

25

20 4

0 10 0 0 40 50 &0 70
channel

0.38 TOTu/ ch
(+/- 3 %)

HGCROC - FEE 2023 - Torino

a[ns.fC]

TOA time walk
a & b parameters of the a/Q + b fit

Clock
distribution
from the middle

_ of each half

23.85

23.80

2375

2370

b [ns]

2365

2360

2355

2350

visible on the
time walk
distribution

2200

— 2000

[ps.fC

m 1800 4

1600 4

1400 4

channel

TOA jitter
a & b parameters of the sqrt((a/Q)? + b?) fit

.. 1.8 ns/Q(fC)

13 ps rms
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Trigger path meaa

Boof- =@
. . . 3 [ TOT threshold ke = path
A Charge linearization over ADC and TOT range ool Method 3 —JT}{ =
A Sum by 4/9 (19b / 21b) c b ol
A Compression: 4b exponent + 3b mantissa : ;
1000 Trig
g TDR [TOT Threshold | /_ —‘1)_, T\ path
500|—
- _~ADC TOT - x) ;l‘f\
4000] * frigger cell 2 (dynamic range=80 fC) — I '15'o;n' ;t":rég'r' '“3150 (= G
+  trigger cell 2 (dynamic range=160 fC) pm ? - é
+  trigger cell 2 (dynamic range=320 fC) — e '
3000 —
E )
a Sm— -~ TC: actual vs. computed
: - —_— S nan, canea -
1.5- 2000 -_ “M ..."
£ - — g
O - A— 10
3 - ““ ey | . ]
o Y — —
L —r | e
0 I

0 100 200 300 400 500 157 o o
charge [fC]
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H2GCROC3: the SIPM version of HGCROC3 me

Differences on H2GCROC3
A 2,5V power supply for the very front-end to cope with SiPM bias voltage
A Dynamic charge: 160 fC to 320 pC

A Input DAC to tune the input voltage in order to compensate for breakdown
voltage fluctuation

A Compensation of the leakage current up to 1mA
A Radiation resistance up to 300 kRad — —

Shifter L1A <+ ——
BxRst < —

Clock and control path

Current Conveyor il e e |
DAQ path L1 Readout path
based On KLAUS » ADC decoding H
. . \ ] L1 A Data
chip from Heidelberg b ol tmeny | [ vor 1[H 7e, | iggere Daa
manager encoding Al Gireular ™1 ®ro | manager
U N I - M1 Bufer N H + CRC
TOT '\I" RAM2 |G Zx,il,?sta
N RAM1 -1
G
Atte n U ateS th e 1] x78 channels (72 + 4 CM + 2 calibration channels)
. 4 L T
current at the input ; B = I — - Trigger
. . . Ché?rge. — E ™ Truncation readout AE:
Wlth 4 bItS . Linearization i ors) | |Compression »| manager o Trigger
link

Ga|n 01025 to 0’375 per channel Triggér path 16x/81<triggerce|l unit
(Step 0,025) Calibration DAC | | Bandgap Slow control

R ToT /ToA Voltage comm. Port
injection

thresholds References 12C
Slow control path

[ : Triplicated

HGCROC - FEE 2023 - Torino

= PLL @~~~ Fast commands fe—
comm. port [«
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H2GCROC: the current conveyor

A 2 typical

gains

o Low gain (Physics mode): 44 fC/ADC gain, 50 fC noise (1.25 ADCu)
o High gain (Calibration mode): 10 fC/ADC gain, 20 fC noise (2 ADCu)

Vvdd = 2.5V

200mv

d
\ CM PA

Vd&( |;

;i_|eak | l

Ibi | | cf

i D.—% oc

Cd
"—Vgain_conv

L&
&

HGCROC - FEE 2023 - Torino

800

8

Signal [ADC caunts]

200

>
=
o

mega

Gainconv scan:

ADC, channel 53, half 1

« gainconvD
«~ gainconvl

gainconv2

- gainconv3

gainconvd

«— gainconvs

galnconve

+— gainconv’

Qin = 4.3pC

Time [ns]

) 100 125

gainconveg

- gainconvg
« galnconvl0
gainconvll
+— gainconv12
«— gainconvl3
gainconvld
—=— gainconvls

150

19



Radiation hardness meqga

A According to FLUKA simulations, the CMS forward region will be exposed to a
total integrated dose of up to ~ 200 Mrad and a hadron fluence up to 1,5.10%°

Ngq CM2
A Irradiation campaigns required to demonstrate that HGCROCS3 withstands
such harsh radiation environments

1 MeV-neutron equivalent fluence in Silicon at 3000 fb™!

figs Absorbed Dose at 3000 fb™' i SO e
25 B Maximum dose: = - = 1 2 = 250 Maximum fluene: | 10417
2 MGy = 200 Mrad 1 ; 10000 % 1.5 - 1076 neg M2 | L e q‘.;
200 z HHH o - § ) 200 A 1e+15 -%
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Total lonising Dose (TID): test the Single Event Effect (SEE): test the
cumulative damage of ionising non-cumulative damage induced by
particles single particles
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TID tests ! !mega

A The chip was placed on a mezzanine and thinned to~ 70 € m
i Beam: 10 keV X-rays (Obelix facility at CERN)
I Temperature: -10° C
i Dose rate: 0.245 and 2.45 Mrad/h
I Total integrated dose: 345 Mrad
A No big impact observed on any part of the chip:
No change in the charge and time measurement (linearity and jitter)

i
i No misbehaviour in DRAM

i Preamplifier noise slightly increase with dose: ~20 % (1800 e- to 2200 e-)
.

|

PLL, e-links and digital part maintain the good performance as expected
Power consumption increase (next slide)
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TID: current increases medga

A Analog and digital currents increase in the initial phase
of the irradiation:

i analog: +25% C unexpected
i digital: +8% C expected due to current leakage in the transistors

A Current increase traced to TDC with thermal camera

I Extra current is removed when resetting the TDC, comes back
when releasing the reset

I ldentified floating node in the TDC digital block when in idle mode
(not disturb time measurement)

TDC reset enabled TDC reset released
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SEE testing: Heavy lons mega

A Test the stochastic non-cumulative radiation damage induced by single

particles: 3 possible consequences Heavy fons

I Single Event Upset (SEU) : digitalerror, bit fl i p (0Y1l ¢

I Single Event Transient (SET) : analog error, bit shift Hm“

i Single Event Latch up (SEL) : permanent damage FrePRRRTY | (O LT
A Irradiation of HGCROCS3 chip with heavy ions at UCL cyclotron in Louvain

I Beam: low energy heavy ions with different Linear Energy Transfer (LET)

i Flux: 104 particles/(s-cm?)

I Temperature: 7.2° C

A Two main measurements: on | wa | TS mgen
i Configuration: 12C registers Fi ii . ¥ rile 2;? fgfﬁ 2?
i Digital & memory: DAQ tests § | Ar 3.33 120.5 0.9
Cr 3.31 107.6 16.0
ey i - Ni 3.22 100.5 20.4
-' Weibull fit Kr 3.35 04.2 32.4
""""""""""" e Xe 3.54 73.1 62.5
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SEE testing: protons mega

A Proton irradiation campaigns at Arronax in
Nantes (22nd December 2022, 3rd February
2023)

| Beam: 64 MeV protons

i Flux: 1010 particles/s/cm? (expected at HL-LHC: 106
p/s/icm?) (continuous mode: packets every 33ns)

i Duration: 12*2 hours
I Temperature: room temperature
I Total integrated dose: 140 Mrad

A Complex experimental setup:
I Long cables to protect the hexacontroler / | 1
I No access to the cavern for days (activation) : : N I\ '
A HGCAL radiation environment dominated by
light hadrons
Y more realistic description of the HGCROC3 behaviour
Y higher flux and more error statistics
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SEE testing results

'r
'r

A Protons results
'r

A Heavy ions results

No SEL

No 12C bitflips (when AutoReload enable)

Flux = 2.20 10%° s't.cm2, total time =13 h Y ~ 10 years of HL-LHC

SEU trigger SEU CRC SEU memory Short SET Long SET

# errors 38 30 127 85 190
DAQ time 34s 340 s 4352 s 340s 13.011 h
Rate Aronax [err/s] 1.12 £ 0.18 0.09+0.01 | 0.029+0.002 | 0.25+0.03 |0.0041 =+ 0.0003
Rate HecAL max [erT/s] (1.0 0.2) 103 | (8.1 £1.6) 10 | (2.6 £0.2) 105 | (2.2 £ 0.3) 104 | (3.6 = 0.3) 106
Rate Al chips [err/s] 10=+2 0.81+0.16 | 0.26=0.02 22=x03 0.036 + 0.003
Cross section [cm?] (5.7 £0.9) 1011 | (4.5 £ 0.8) 102 | (1.5 £ 0.1) 10-2 | (1.3 £ 0.1) 10-1 | (2.1 = 0.1) 10-13

For each chip (on average): 1 link loss / 2.5 years
For HGCAL (on average): 1 link loss / 2 min

HGCROC - FEE 2023 - Torino

d

25



Test beam at CERN (October 2022)

V3-LDhexaboardwith 300 umthick sensor 250 GeVelectron, default gainwith absorber
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Summary mega

A HGCROCS3 for HGCAL has been extensively measured and reaches good

performance
I < 1% linearity for charge measurement over the full dynamic
I Noise level as expected
I Timing (Time walk and jitter) as expected: TW < 1.4 ns, jitter ~ 1.8 ns/Q(fC) and 13 ps floor

A But still need to fight against digital activity
i Digital « noise » on pedestals
I Lower Toa threshold 15 fC (24 fC for the module)

A HGCROCS3 is radiation tolerant

I Still working properly up to ~ 400 Mrad
A 20% noise increase not understood yet

A Main concern now is the packaging
I HDand LD
I Common or separated grounds
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Backup
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Robot for production testing

To o To Io I

2 robots: LLR and OMEGA

Pick and placing features work
DAQ and analysis software work

~ 450 HD-ROCv3 have been tested
~ 300 LDROCV3 have been tested

Preliminary tests list:

Power consumption
Write/read fuse number
Write/read the 8 bits of the 800 SC registers
Measure the 2*64 probe_dc values
Measure the 10bits DACs and 12 bits calibration
Measure the 6 bits channel wise tuning dacs : 78 x 6 bits x 3 dacs
- Adjust the pedestals, TOA/TOT thresholds channel wise
Check the fast commands and links
Check rms to detect bad or unconnected channels
Make a phase scan to check shifter OK
Run the DRAM tests
Check ADC linearity with test pulse injection : 10 points* 72 channels * 100 meas.
Set threshold to ~10 fC measure TOA and TOT vs Qinj (DAQ and TRIG paths)
Specific tests for the SiPM version
- 2V5 power consumption
- Input DC level adjustment (Input DAC)
- Conveyor gain (DACb adjustment)
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