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Outline of Presentation
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• Introduction

• Proposed ultra-dense logic soft error test circuit

• 14nm test-chip and irradiation board design

• Neutron beam irradiation results

• Conclusion



Radiation Effects in CMOS
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• Neutron ���� secondary particles ���� electron-hole pairs ���� logic
and memory soft errors



FinFET Chip-Level SER
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Combinational Logic SER
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• With technology scaling,
logic SER is expected to
increase
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• Circuit parameters impacting SER:
Restore current, junction area,
node capacitance, logic chain
length



Previous SET Detection Circuits
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Tree structure: Irregular 
layout, measures both 
pulse width and count

T. D. Loveless et. al. TNS 2012 R. Pawlowski et. al. CICC 2014 
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area overhead
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Proposed Irradiation Circuit
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SET detection chain 
(combinational gates)



Proposed Irradiation Circuit
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Proposed Irradiation Circuit
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• Sparse nature of SET events: Minimal overlap probability
among SET pulses
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14nm Test-Chip Design
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• TMR counters: Redundancy for soft error correction in counters

• Large scale implementation with 93% area utilization (1,975 rows)

• Pulse expansion: ensures all pulses reach the counter



Gate Topologies Implemented
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Gate type Description

INV8(16)-1X-RVT 8(16)-stage 1x inverter, regular VT

INV8(16)-1X-LVT 8(16)-stage 1x inverter, low VT

INV8(16)-1X-HVT 8(16)-stage 1x inverter, high VT

INV8(16)-2X-RVT 8(16)-stage 2x inverter, regular VT

INV8(16)-3X-RVT 8(16)-stage 3x inverter, regular VT

INV8(16)-1X-RVT-FO3 8(16)-stage 1x inverter, fan-out 3, regular VT

NAND8(16)-1X-RVT 8(16)-stage 1x nand, regular VT

NAND8(16)-1X-LVT 8(16)-stage 1x nand, low VT

NAND8(16)-1X-HVT 8(16)-stage 1x nand, high VT

NAND8(16)-1X-RVT-FO3 8(16)-stage 1x nand, fan-out 3, regular VT

NOR8(16)-1X-RVT 8(16)-stage 1x nor, regular VT

NOR8(16)-1X-LVT 8(16)-stage 1x nor, low VT

NOR8(16)-1X-HVT 8(16)-stage 1x nor, high VT

NOR8(16)-1X-RVT-FO3 8(16)-stage 1x nor, fan-out 3, regular VT

NAND_REV8(16)-1X-RVT 8(16)-stage 1x nand_rev, regular VT

NOR_REV8(16)-1X-RVT 8(16)-stage 1x nor_rev, regular VT

Dummy Readout Chain For measuring SER in readout chain itself
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Irradiation Test-Board
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• Neutron beam diameter: 3
inches

• FPGA with JTAG support
for automated test control

• 9.6M x 9 chips = 86M gates
per board



Neutron Beam Test Setup

13

• Neutron irradiation tests performed at Los Alamos National Laboratory

• 90 chips irradiated for 5 days to collect real SET rate in logic chains



Neutron Beam Specs
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• Accelerated beam follows the terrestrial neutron energy profile

• Average beam energy range: 1.38 – 750MeV

• Average neutron flux: 4.2x104 neutrons/cm2/s



Neutron Irradiation Test Result
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• Combined SER for both 8 and 16 stage chains plotted



Gate Type Dependency
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Supply Voltage Dependency
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• At 0.3V, SER does not depend
as much on gate type



Threshold Voltage Dependency
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• VT↓ ���� Irestore↑ ���� SER decreases
(with the exception of NOR HVT)
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Device Size Dependency

19

• W↑���� Irestore↑���� SER decreases

• W↑���� Cnode↑���� SER decreases

• W↑���� Jarea↑���� SER increases 10
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Fan-out Dependency
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• Fanout↑���� Cnode↑���� SER decreases

• Impact of capacitance on SER
trends is similar across all VDDs
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Input Connection Dependency
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Chain Length Dependency
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• Longer chains: Increased
number of marginal SET pulses
get filtered out
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On-going Work: System-Level SER Estimation 
Framework Based on 14nm Logic SER Data
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• Circuit dependencies: Input
to analytical SER model

• SER Model: Extracts strike
current parameters

• Can be applied to any given
circuit/technology for SER
estimation
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Conclusion
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• Novel irradiation test structure with skewed NAND-NOR
readout chain for logic SER characterization presented

• Proposed circuit is scalable, regular, and ultra-dense

• 14nm test-chips irradiated under neutron beam

• Measured data captures SER dependence on various circuit
parameters ���� basis for SER estimation framework
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