A Time-Based Front-End ASIC for the Silicon Micro Strip
Sensors of the PANDA Micro Vertex Detector

Valentino Di Pietrol!, Kai-Thomas Brinkmann1, Alberto Riccardi!, James Ritman3,
Angelo Rivetti?, Manuel Rolo?, Tobias Stockmanns3, André Zambanini®

1 1l. Physikalisches Institut, Justus-Liebig-Universitat GieRen
2 INFN, Sezione di Torino
3 Forschungszentrum Jiilich

T

PANDA Experiment Micro Vertex Detector Sensor Module

analog I/0 pads

I

il uuum
2 e I

digital global controller

y K]

digital I/0 pads

T

/‘

Antiproton Annihilation at Darmstadt Hybrid pixel and double-sided strip sensors Example of a trapezoidal strip sensor Readout ASIC

PANDA Strip ASIC (PASTA)

TWEPP 2015, Lisbon

. . Measurement Concept ASIC Architecture
e Channels (input pitch) 64 (63 um) Inspired by TOFPET
 Technology CMOS 110 nm Analog Digita
e Rate capability 100 kHz/ch Vi event signal
e Power consumption < 4 mW/ch - notse signa O S
e Front-end noise < 600 e Ch1  FrontEnd — - TDEC — - TDC Ctil —
e Time bin width 50-400 ps Ve [ S | Gobal T
 Charge resolution 8 bit (dyn. range)” V@ __________________________ -
* Radiation dose 100 kGy~ C talidate t
1 Ch63 Fron-End —— TDBC — TDC_Ctrl ——
* Design Goal time over threshold
Front-End Architecture e Time to Digital Converter - —
g | i = Motivation
% [ ﬁ e 9 : 6 jf » High temporal precision clock \
eF LT . ] = -4  Low power consumption capacitor 7\
" — L | * Compact structure e |
jl—:f Bt D_] ey counter < Xcﬂ%ré’exsé%ﬁv‘.’fx D2 X X ‘X %%%3f>

<
<

Preamplifier Current Buffer ToT Amplifier Architecture 126xnterpolation

First amplification stage Stage providing both Second amplification
capable of processing current gain and stage for the linear ] g """"""" Current Source 1 C t S
signals of both polarities Impedance adjustment discharge ofthe | F i._§ Dige Wiy 3 ul:'ren | .ourcf_e
(n-type or p-type strips) feedback capacitance Cc 6 ock providing a fine
@ N © tuning system for Ipc
J—%J . f_> out, 1IN order to fix the ratio of
- - © | | = Cpe Sk °& the two currents and secure
S I m u Iatl 0 ns 1 Tlng)ne;nrtpehrtude L Latched Comparator the desired resolution
TOT Linearity Electronic Noise Level
800 | | | | | | o ' | | |
— n-type — n-type
700} p-type - 800 . - .
7 | | Time Amplification
2 s00] 600 The time of conversion trpc "1 —ve
£l M 5 ; can be calculated as follows: ™[~ |
§ | Z 400 |
© 300 I I
E 200 : 200 — : CTDC =4- CTAC diischar%ge Etransferé conversion éreset
| S ToemmemmeeT | | Itpc = /32 ITac @t@ @ @ @ t
% 5 10 15 20 25 30 35 40 % 5 10 15 20 25 30 / T ) ]
Input Charge [fC] Detector Capacitance [pF] TDC * tTDC TAC * tTAC
Input capacitance Cy.t = 20 pF Input charge ();, =4 fC Vroe = Vrac CTpc Crac e TAC

Digital Blocks s Conclusions

.. _ e Chip designed according to the given specifications
Optimization of the TDC Control  Analog, digital, and mixed-mode simulations extensively studied

e Size reduced by ~80% | e Project submitted in April 2015
e Overall power consumption halved compared with TOFPET e Prototypes delivered in September 2015
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Perspectives

 Readout system under development
Single Event Upset (SEU) Protection  PCB design started
e 1bit:  Triple Modular Redundancy * Beam test planned for early 2016
* n bits: Hamming encoding
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