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A Radiation-Hardened Voltage-Controlled Delay Cell Against
Single-Event-Transient

SHI Zhu, ZHAO Yanpeng, GAO Lijun, YANG Bo, WANG Bin, LIU Wenping

(Xi”an Microelectronics Technology Institute, Xi’an 710065, China)

Abstract: A radiation-hardened voltage-controlled delay line is proposed to solve the problem that
the voltage-controlled delay line of delay-locked loops is susceptible to single-particle radiation in
the space applications. After analyzing the single-event sensitivity of the conventional delay cell,
its anti-radiation performance is improved by adding two NMOS and two PMOS transistors
between output nodes to form positive feedback. The hardening effectiveness of a single cell is
validated by 3-D technology computer aided design ( TCAD) mixed-mode simulation at the
reference input clock of 1 GHz. The result shows that the magnitude of reduced voltage
perturbation is as much as 44. 9% at the LET value ¢, of 20 MeV + cm”/mg, while the magnitude
reduction is 23. 7% when ¢, is 80 MeV + cm”/mg. Then, the successful suppression against SETs
of a working DLL in locked state is simulated by Cadence simulation tool. Simulation results
demonstrate that the proposed voltage-controlled delay cell can obtain single-event immunity at
those two different LET values in the reference input clock range from 533 MHz to 1 GHz, only
increasing an extra area of 13. 6% in comparison with the conventional hardened methods.
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Fig. 1 Voltage-controlled delay line in a DLL
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