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Introduction

Lab tests

Radiation tests
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Chip design

The Endcap Timing Layer ReadOut Chip (ETROC) requires a PLL to
provide precise clocks (40/320/1280/2560 MHz) to the functional
blocks within the ASIC. This PLL, was developed in a 65 nm CMOS
process with 9 metal layers. We adapted the latest version of LJCDR
(January 2020), from the lpGBT project, to develop the ETROC PLL
prototype chip for functional and radiation tests.

Summary

Figure 1.Block diagram of ETROC PLL standalone chip.

Figure 2.Block diagram of AFC.

Figure 4. Test board (a) and chip (b) of ETROC PLL.

Figure 3. Work flow of AFC.

Figure 5. TIE jitter: lpGBT v0 (a) and ETROC PLL (b).

Figure 6: Random sample of positive 

phase jumps during heavy ion 

irradiations, not likely are from PLL loop.

The ETROC PLL core includes the LJCDR, the prescaler, and the
feedback divider from the lpGBT project, and an automatic frequency
calibration (AFC) block, which is used for LC-VCO calibration. The LJCDR
operates in PLL mode with CDR mode disabled. The prescaler consists
of two parts: the clock divider (N=2) and level adapters (differential
CML to single-ended CMOS). The reference voltage generator (1 V
nominal), designed for the charge injection and the Voltage DAC for
each ETROC pixel, is also implemented in this chip. All power supply
voltages, marked in different colors in the diagram, are separated to
avoid power interference and ease monitoring of power supply
currents.

A TMR Automatic Frequency Calibration
(AFC) block was implemented for LC-VCO
calibration. This digital block searches for
the optimal VCO capacitor bank when the
tuning voltage is overridden. The calibrated
data is stored and refreshed automatically in
a TMR register to avoid data corruption and
loop unlocks due to SEUs.

The ETROC PLL, with the layout area of 1.2 mm × 0.7 mm, was
implemented in a standalone test chip (2 mm × 1 mm). Additional
circuitry include the input reference clock receiver, the output CML
drivers, and a generic I2C interface from the lpGBT. Lab tests indicated
that, with a 40 MHz reference clock, the PLL loop locks at 5.12 GHz
after AFC calibration. During operation, the power consumption of the
PLL core is about 60 mW.

The ETROC PLL displays a random jitter < 2 ps (RMS) on all output
clocks. The Time Interval Error (TIE) jitter is measured to be within ± 5
ps (peak-to-peak), better than the measured results for LJCDR in lpGBT
v0. The static phase offset was reduced to 2 ps as a result of the charge
pump improvement.

• TID: tested up to 300 Mrad and
no issue found

• SEE tests using six heavy ions
with LET: 1.3 (C), 3.3 (Ne), 9.9
(Ar), 20.4 (Ni), 32.4 (Kr), 62.5 (Xe)
MeV.cm2 / mg

• Flux: 15000 /cm2/s
• Fluence per ion: ~ 3x107 /cm2
• No unlocks observed
• No errors in the TMR register
• Additional sensitivity outside PLL

loop observed

The ETROC PLL, based on the ljCDR in lpGBT, has been prototyped and
extensively tested. The jitter and static phase offset were improved as
expected. The PLL meets the design requirements for clock generation
in the ETROC and will be integrated in ETROC2.
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