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The HGCROC ASICs are dedicated very front-end electronics designed to read out the High Granularity Calorimeter (HGCAL), which will replace the present end-cap calorimeters of the
Large Hadron Collider (LHC) for the Compact Muon Solenoid collaboration (CMS). The H2GCROC ASIC was especially designed to readout the SiPMs coupled to the scintillating tiles of
the back hadronic sections, where the radiation constraints are less severe. Inside the chip, the front-end preamplifier is adapted for the SiPM's higher signal level, expecting pC/MIP rather
than fC/MIP ranges. The chip was received end of 2020 and extensively tested since then, in the lab and test beam. This work examines the very front-end design and performance, including

timing performance with the sensor. H2GCROCv3 layout design.
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H2GCROC Architecture

= Radiation-hardened TSMC 130nm CMOS = Current conveyor (CC) attenuation from 0.025 to
Decoded clock 40M y
;:iai‘if; = PLL L - — - ] Fastcommands |«— Ch|p | _____________ 1 0325
Internal _ | comm. port l—
Clock and control path Fast commands+ i . | 2 c0;1p l . . . .
= 72 reading out standard cells, 2 channels for | v | = Preamplifier (PA) gain configurable with Ry
P ; oAGpath [ e MIP calibration, and 4 channels not con- I % : (11k€2 to 100kS2) and C'f, Ceopmyp (50fF to 750fF).
| | decoding H _ . . . I . . .
| ADC ; e — nected for common-mode noise estimation | o | SARADC (10b)} = Feedback capacitor split into C’f and Cfcamp to
| Iy Latency || ToT | W /| Event |m readout _IX: ; I | Krakow . . oy
| TOA >t manager [T encoding| | A | cicuar [T 77| FFO |1 manager = DAQ path: Circular buffer RAM, store improve preamplifier stability.
| M1 Buffer N +CRC P | | P P P y
M ] 2x Data
-TOT | RAM2 |G : . . . .
R | u| Ram . i ADC, ToT and ToA data. : SiPM |§| o : = Charge information with time over threshold
G . . .
] x78channelsk(72+4CM+2calibrat{onchannels) [ T”gger path Sum O'F 4(9) Channels, ||n- I I/ Cd'L I/ | Vth TOTD -l(-:DE(i\(fo?lfa) (TOT) over 200 ns and 50 pS reSO|Ut|On.
i Digital : = Trigger i i i I | | ToT
e L x +CTFJ:E;'§9” ;nr';a:g(;itrAIE: earization, compression over 7 bits. | L | s = Charge measurement range from 160fC to 320
} or ompression 4x Trigger ————————————— — 0.
per channel Trigger path  16x / 8x trigger cell unit link = 12C pl’OtOCO' for slow control. j TDC (24-12ps) pC
CEA-IRFU . . .
—— —r e Sbwicoriol = Fast commands. 320 MHz clock and 40 ToA = Time of Arrival (ToA) measurement with 25 ps
Cii}fcrzg(;n ToT /ToA 7 V°”a%ep comm. Port [T .
thresnoids | | References S l2c MHz extracted. resolution.

Amplification Leakage compensation and calibration

= The CC has a tuning DC voltage at the input to compensate

= The preamplifier gain and output dura- | —— _ _
i i b P q tgd to th MIIE ol g™ = | ot soling for breakdown voltage fluctuations on SiPMs due to temper-
on Al Be acap e- o e wienal %G"" CM PA ature changes and production tolerances.
= The default configuration is good for © The V/ be tuned i I to adiust th
single-photon measurement and for cal- 2 ) © Vdac Can be TUNEC N a Smail range to adjust the sensor
‘bration 2200 NSCE=E Tt . ; . gain and compensate between the channels.
. < ;
. i R S ol Sty Mo i = At the CC input, a calibration circuit can be used for internal
- Default Conflguratlon: 0.8 fC per 1075 1100 1125 1150 1175 1200 1225 1250 i_leak g:;]) | - | p - ) ASIC
ADC count with around 1.5 ADC counts Vdac bo jf¢ | dach or external Injection on the '
| ey - e o
(10.2 fC) of noise. 20 in = The internal injection uses a 12bit DAC going from 0 to 2.5
Physics range: 38 fC per ADC count S1s V and converting the signal into charge with two selectable
with around 1.3 ADC counts (49.4 fC) of °"°

:{[ D capacitors (3 pF for low range and 120 pF for high range).
PA

= () can be configured with 3 bits from 0 to 35 pC to add a

noise.
oo —— ] ’—U? CC/IF\’Z capacitance that improves the linearity of ToT.
Delay [ns] gain_conv o _ _
- The Current Conveyor applies S 7 = The current injected by [}; is automatically compensated by

6800 a reduction in the current before :H I Iy
= 600 the input preamplifier; its design i = Leakage currents ([joq1), produced by radiation, are expected
“;’1400 is based on the input stage of the Nz to be up to ImA.
il - - . Configuration ADC count/dacb bit Max current compensation _
2 KLa.uS chip from Heidelberg Uni 3 17 2901A = A 6bit DAC (dacb) can inject a current with a configuration
o 200
= Ve_lt?ty'cc ) 1 linear 2 43 700uA variable of 2 bits to adapt the dynamic range to compensate

. ..~ S - lhe shows good linearity over 1 72 ImA I1eqr as on the table.

1360 1380 1400 1420 1440 160 180 1500 the full range of attenuation. 0 87 1.2mA
Delay [ns]

Time Measurement

= ToA time walk of 16 ns

1000
—— q0.04 pC q2.20 pC 1000+ —— q0.16 pC —— g9.36 pC 4 Linearity =0.997001 18 —
—— 0.40pC  —— g2.56 pC —— q2.00 pC — q11.20 pC o / . —— channel 3 from 0 to 20 pC charge
— ] —— q0.76 pC q2.92 pC — —— (3.84 pC —— g13.04 pC . . - .
a o —— qll2pC —— g3.28pC & 8001 —— 5.68 pC q14.88 pC | 5 s00- Ehysicsconfip i Injection.
< —— gl.48pC —— @3.64 pC < —— g7.52pC —— @l6.72 pC 2 12 )
O 600 —— q1.84 pC Y 004 = 7., = Noise of 40 ps measured
S 3 : . S oo < -
= - = = 8 -
S 00- Default config 5 Rhysics gonfig B . for small charge injec
E g 4004 E: 400 ° tion
W :
200 i . .
200- wod 2 i = Noise of 20 ps arrives at
T T T T T T T T T T T T T T T T 0.0 2.5 5.0 FiD 10.0 125 15.0 17.5 20.0
1360 1380 1400 1420 1440 1460 1480 1500 1325 1350 1375 1400 1425 1450 1475 1500 J : . ; . J ) Charge [pC] N1 H
Delay [ns] Delay [ns] PP hagepar YT 0.10 40 pC charge injection
and up to 320 pC (full
0.08
: 200] | . _ range).
= The ADC measure the charge in g A = The ToT measure the charge from the saturation % 006
) 175 —} ; = . ..
the linear part of the PA. of the PA. : = The two discriminators
o = g oo can be calibrated with
= While ToT triggers, ADCm has the @125\ 1550 pc 320.10 pC | = The ToT value is proportional to the charge in- vos two external trigger in
full data of the charge (next bunch 50| ! ’ jected into the SiPM. .
O
_ - 0.00 puts available.
crossin ) 75 . . . , 0 50 100 150 200
&) o = ToTl is measured by subtracting the ToT signal's CREERe
—— TOT mean ’
. . o i . . - ] = . . . . . ,
= ADC Linearity of 99.7 % from 160 i Linearity =0.999679 | falling edge minus the ToA signal’s rising edge. = Two global 10b-DACs adjust the discriminators’ thresholds.
fC to 20 pC range with Physics con- : ’ L 0 0
50 100 150 200 250 300 . . . .
f' R, Charge [pC] = ToT linearity of 99.9 % up to 200 pC and 99 % for = Two local trimming 5b-DACs reduce the dispersion per channel.
'guration. the full range with Physics configuration.

Laser Measurements

w0 —— Channel 3 = Laser PILAS Picosecond Pulsed diode PiL040-FS config- o
] ured with a wavelength of 405 nm. B egeste
< MIP
" = Diaphragm and absorptive lenses to reduce the light injec-
: tion to the SiPM. i
2 20 w 60

| . = SiPM S14160-1315PS with an effective photosensitive area &

Laser 405nm | e B ey TR P® of 1.3x1.3 mm, a pixel pitch of 15 um, and HV = 41.78 V L‘; .-

_E —— channel 3 (OV — 4 V) '-1:':
o2 = MIP signal injected equal to 15 p.e. (555 fC) using the .
215 default configuration of PA gain and minimum attenuation
10 of CC gain.

’ = Single-photon pixels measured with default configuration 140 160 180 200 220
1150 1175 1200 IZDZeSIay[nlsz]SD 1275 1300 1325 and phase 13 SeleCted. Amp“tude [ADC]
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