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Introduction The analog front-end

State-of-the-art  pixel  frontend = -—""-——-——+—+-—— -~ )

electronics has been developed by

the CERN RD53 collaboration in a 65 i [ Time-over-Threshold (ToT) based front-end

nm CMOS technology. The chips i ! TAGCK B

designed by the collaboration have | ¢ | * « preamplifier with detector leakage compensation circuit
successfully met the requirements of i ce M Lo LA —{ A Counter ] « differential comparator (to improve the immunity to
ATLA:S ar.1d CMS pixels at the H.igh- i Pre-comparator Comparator interferences)

?ﬁﬂﬁ%ﬁftym?kﬁz :I;:;gn tﬁgllﬁ:; | _ | - - * 5-bit (+ 1 bit sign) threshold tuning DAC (TDAC)
microelectronics community is now i ToT Counter } * ToT counter for A/D conversion of the signal

focusing on the 28 nm CMOS | _ ] * ToA counter for time-walk measurements (in the
technology for future developments. i W/ ToT CLK B—] prototype chip)

The work presented here s i Preamplifier  gobal Inlinlm

concerned with the design of analog - |
front-end circuits for future, high- Preamplifier
rate pixel detectors in 28 nm.

. , * self-cascode gain e e
SpeC|f|caI.Iy, the worl.< is part of the DD TDAC generates a current Ipyc on the right or left stage i
PRIN project called PIHEX, fur\ded by T T branch of the pre-comparator stage (depending on ; ]
Italian rI:/I|n|sr,1’c_ryh of Un|ve.rS|ty a.nd CL— . the TDAC sign) * two independent _ o
Research, which aims a_t improving MJ L feedbacks, one for I
the state-of-the-art of pixel readout sienal brocessine and S I
chip technology at high luminosity vF 't_ AVDD AVDD Do hg E : & 4 2t
colliders and for X-ray imagers at the T 5 “IA - the other for S ol self-cascods
next generation free electron lasers cr d — detector leakage . open loop gain
by developing the fundamental LR - +\ y | | compensation °r

HVout L
microelectronic building blocks for '; | I ‘i{ v 10 Lot st il it s it
pixel readout ASICs. The project is y J L j}f S " U ey ) ’
synergic with the INFN Falaphel e 7 ﬁ — . Comparator
project, aiming at the integration of Y | }J \_{ % | E\/ " : . . :
silicon photonics modulators with o T gt 19 e l * pre-comparator stage featuring differential input pair
high-speed, radiation-hard. ! - T 1 | loaded with diode connected transistors = single-ended
electronics in 28 nm. This technology ‘\ E ;' = ) _ ] ] to differential signal conversion
could potentially be exploited for the I . : L :
replacement of the inner pixel L The bandwidth of the preamp can be purposely limited by §tandard differential pair with active load + output
systems of the HL-LHC experiments loading its output with a 20 fF MoM capacitor Inverter

after 2030.

Simulation results
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* Threshold dispersion (pre-comparator input, in mV) as a function of TDAC current

* Optimum @ Iy,c = 200 nA = threshold dispersion of 0.4 mV (~16 e r.m.s.)

* Analog island arrangement (2x2 pixels)

* Threshold distribution before and after TDAC tuning (dispersion is reduced by a factor ~12) « Analog macro size = 30 x 17 um?

* TDAC codes distribution in the optimum condition (Iyoc= 200 nA) and in the case of a too small TDAC range * To be integrated in an 8x32 matrix of readout channels



