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Dependability evaluation with operation fault and soft error

In advanced process,
operation fault caused by
variation and NBTI is
dominant in the memory
dependability.
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Margin improvement and
soft error tolerant technique is necessary. 4



Associatively-Reconfigurable Cache with QoB SRAM

Proposed cache memory

Normal mode operation
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Prop. cache can trade off processor
performance for reliability




Fine Grain Voltage Control (FGVC) SRAM
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Autonomic dependable memory chip

Confirmation of SRAM margin improvement scheme

and failure detect technigue.

e QoB-SRAM and FGVC-SRAM are implemented.
« Autonomic control logic applying BIST and power supply noise monitor

are combined with QoB and FGVC SRAM.
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MCU tolerant 6T SRAM cell layout
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Power supply noise tolerance

@ Nominal supply voltage
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Removal of -
the source of risk

Mitigate risk to the _
acceptance level

Functional safety

—

Hazard analysis and
Risk assessment
(H&R)
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Source: 1S0O26262, Nikkei Electronics 2011.1.10, Fig.4, pp.50
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Proposed Fault-Injection System (FIS)
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Proposed Fault-Injection System (FIS)
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The proposed fault-injection system can -
evaluate the impacts of SRAMSs reliability on
the operating stability of system 13




Fault Case Generator (FCG)

Input Output

Supply voltage (V) —
Temperature (degC) —
Process variation (o) —
NBTI aging (AV;,)

Soft error rates (FIT) —
SRAM capacity (KB) —
Information of virtual chip —

SRAM failure
data pattern

SRAM failure data >UJ\/_\I

pattern generator

VVVVVVY

|
Input for BER table T
(Supply volt., temp., ...) BER

SRAM BER library —»
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Fault Case Generator

FCG can generates time-series SRAM failure data patterns
correspond to arbitrary waveforms for the power supply
noise and operating temperature, and device parameters
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System-Level Evaluation Result

ECU System w/ 6T SRAM||ECU System w/ 7T/14T SRAM
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ECU w/ 7T/14T SRAM improves
the minimum op. voltage by 0.05-0.15V
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Summary

Question:
What is the definition of “dependability”?

Answer:

Reliability (FIT) against ...
variation (mismatch),
aging (NBIT,HC) and RTN,
supply noise,
soft error

- Reducing SRAM Vmin by autonomic controlled
QoB and FGVC

- Power noise monitor and filter

- SER tolerant design (bitcell and system)
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