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/{ Motivations ] )
FASTIME is a multi-channel ASIC providing a complete time measurement chain with a precision target of the order of 1 picosecond for 1 pC input charge and a dead time less than ten nanoseconds. Such resolution
becomes necessary in various fields such as future particle physics experiments at FCChh to mitigate the expected pile-up of 1000, or in future generations of medical imaging (PET) to reduce significantly the dose injected

Into patients. It will also be needed to exploit a new type of sensors with high temporal resolution called NanoChannel Plate (NCP).
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This prototype was produced in the 130 nm CMOS process. It consists of 4 channels; each The circuit was manufactured in early 2023 It occupies a E
one comprises a Fast Front End (FFE) stage coupled with a discriminator followed by a Time- 2.6x4.15 mm? area including PADs. Testing has progressed = e
to-Digital Converter (TDC) with double-level time interpolation. A 10-bit coarse counter well. The qualification of this ASIC requires meticulous work B e )
provides 800 ns on-chip dynamic range. The first interpolation level of TDC is based on a It?] C%‘E[at'”gd”t‘ﬁ OSC'”atorf of tr]letr\]/erg'er_(jTDCI’DtTe DI\';'LKO‘C il e, ]
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Delay Locked Loop (DLL) with 32 differential delay elements operating at 1.28 GHz reference e DULL, and e parameters ol e ResICUe FLISe Viakel — &2
L . . . . (timing of start & stop signals), as well as the gain factor of &
clock, which is generated by a sub-ps jitter on chip PLL, allowing a quantization step of 24.4 the time amplifier =
ps resulting in a theoretical accuracy of 7 ps rms. To refine the DLL temporal precision, a "
second level of time interpolation is added using two different TDC architectures, Vernier T
Ring-Oscillator TDC and a Time Amplifier TDC, both with an LSB of 3 ps. An intermediate
circuit called Residue Pulse Maker generates the start and stop signals needed for the 2nd
level interpolator. The FFE stage also integrates two preamplifier architectures: a Voltage
Preamplifier and a Trans-Impedance one. The ASIC is fully configurable via slow Control S - o
(12C). A digital readout block performs initial data processing and serializes TDC data In Mm “LW u l
differential mode with an output clock of 160 MHz. Each channel measures both ToA and ToT, AALAWLT LI ,
the latter is used to compensate for time walk.
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Hit tz_pa<2> 3+ . 1.7 ps rms Jitter in test. This amount cumulates
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The TB setup is based on an FMC mezzanine card paired with an AMD ZCU104 FPGA card for I2C control FFE: TzPa S mW
of the ASIC and SPI data acquisition. Embedded software running on the ARM microprocessor, developed FFE: VPa 6 mW
In C, enables a TCP/IP server for Unicode commands. These commands allow for the configuration of ASIC | | - ’ - | )
registers and control of instruments associated with the tests. On the PC side, a client, following an n-tier { Conclusions and perspectives } N
architecture, enables the user to write test scenarios in Jython scripts - _ o o _ o
— The circuit is currently being tested. Preliminary test results are promising and validate all circuit
| T } functionalities and features. More detailed and exhaustive tests such as the noise, |jitter, crosstalk, linearity,
B— = == b readout speed, testing set up and methods are in progress.
- By FASTIME ASIC TESTBENCH
Tlers:Architecture Dedicated software is being developed to automate tests and carry out statistical studies. A human machine
— £ Interface was designed using DAVIS (Data Acquisition, Verification, Integration System) software to facilitate
» Interaction with the different design blocks.
LT e S S ...... il The FFE jitter is higher than simulated values, we are exploring the possible causes and sources of this
i _[ — s degradation. A new version of analog mezzanine test bord has been designed, the asic will be directly wire
i : L | e [y | R bonded without any packaging in order to reduce input capacitors, wire bonding self etc.
?3{‘;{3?{‘}:55;;?}2?5 In this design, all blocks can be tested separately. TDCs can be tested directly with an external trigger signal,
V.27)  DATA ACQUISITION, VERIFICATION, INTEGRATION SYSTEM HTML GUI PRINCIPLE . . . x
s In order to isolate the performance of the TDC from the impact of the FFE jitter.
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