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Abstract:
We present the design and the performance of MUX64, a 64-to-1 analogue multiplexer ASIC for the ATLAS
High Granularity Timing Detector (HGTD). The MUX64 transmits one of its 64 inputs of voltages or temper-
atures to an lpGBT ADC channel through a 6-bit decoder. A total of 92x3 dies were fabricated in two batches
by the TSMC 130 nm CMOS technology. All of them passed the quality assurance test after bare dies were
wire-bonded to PCBs or being packaged chips. Negligible degradation was observed in a 16-day aging test at
85℃.

Summary (500 words)
In the ATLAS High-Granularity Timing Detector (HGTD) for the High-Luminosity LHC upgrade, it is im-
portant to monitor the temperature of the Low-Gain Avalanche Detectors (LGAD) sensors and the supply
voltage drops in flex cables. These analogue signals are monitored with the ADC channels of the lpGBT chips,
mounted on the Peripheral Electronics Boards (PEBs). Each lpGBT has only 8 ADC input channels. To ac-
commodate the large number of monitoring channels of temperatures and voltages required for the LGAD
sensors, the multiplexer is required to be interfaced to a single ADC channel on an lpGBT. A multiplexer must
have 64 analogue inputs and a single analogue output. The dynamic range of input analogue signals is from 0
to 1.0V. To achieve the required resolution, the on-resistance (R_ON) between the selected input channel and
the output must be lower than 900 Ω. The operating temperature range for the multiplexer is -35℃ to + 40℃.
The power dissipation must be less than 1 mW.
MUX64, a 64-to-1 analogue multiplexer ASIC, has been developed. The MUX64 uses transmission gates to
transmit only one of the 64 input signals to the output. The MUX64 has a 6-bit decoder to determine which
input channel is connected to its output. To minimize radiation effects, Enclosed Layout Transistors (ELTs)
are employed all over the chip and Triple Modular Redundancy (TMR) is implemented in the decoder. The
MUX64 is designed and manufactured in a TSMC 130 nm CMOS technology. The MUX64 operates in a single
voltage of 1.2 V. The dimension of MUX64 die is 2 mm x 2 mm and is packaged in an 88-pin QFN package of
10 mm × 10 mm × 0.75 mm.
A total of 92×3 MUX64 dies in two batches have been fabricated and preliminarily evaluated. The chips were
tested in both wire-bonding bare-die on PCB and in QFN88 packaged. TheMUX64 functionality was validated
for the input voltage from 0.05 V to 1.20 V. The on-resistance (R_ON) is measured to be less than 600 Ω at
room temperature, which is better than the maximum specification range. The on-resistance increased with
decreasing temperature, to 1000 Ω at -30℃. The power dissipation of MUX64 was 0.336μW at -20℃, which is
much less the required 1 mW. All of the chips passed the quality assurance test. A total 32 chips were tested
for ageing effect, which demonstrated negligible degradation over 16 days in a burn-in process of 85℃. The
radiation tolerance of the MUX64 ASIC chips will be verified in the near future. The full characteristic test
results will be presented in detail at the workshop.
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