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Motivation

1 SRAM SA offset is not scaling with technology
[ Crucial for memory testing and reliability
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Motivation

1 SRAM SA offset is not scaling with technology
[ Crucial for memory testing and reliability

To develop a parametric yield model based on SA offset,
Weak cell, Column leakage
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] SRAMs often occupy significant

SoC area
 Contribute to quantitative &
qualitative issues in SoC testing

1 March tests for quantitative test
1ssues
400
] Special DfT techniques for
qualitative tests, e.g., weak cells
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Fig. 2. Minimum required V3; versus o,¢ .. at a constant yield target
(97% for 16Mb). o ’

SoC operation
— Worsening with scaling; tprocess variation, |1y, TIogr
Abu-Rahma, CICC 2011
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SRAM Sense Amplifiers

1 SRAM SA amplifies small differentiali/p , v | e <o
to full swing o/p B | _ " s aver0

VBLB
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SRAM Sense Amplifiers

1 SRAM SA amplifies small differentiali/p , v | e <o
to full swing o/p B | "1 aver0

] CLSA, VLSA are popular SA configurations _

d V; mismatch of the sensing transistoris ..
the main contributor to the offset
— Cause for incorrect SA evaluation
— Voltage and current mode sense
amplifiers are equally affected oo <g]
— Increase in area is not a viable solution
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Cell Marginal Faults and SA Offset

d I,y and V4 exhibit Gaussian distributions
AVBL= IonAt
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Cell Marginal Faults and SA Offset
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Cell Marginal Faults and SA Offset
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Cell Marginal Faults and SA Offset - Solution
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Yes, but - Leakage Current!

d Iy from half-selected column cells can reduce
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Yes, but - Leakage Current!

d Iy from half-selected column cells can reduce
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Model for Marginal Bitcell and Non-ideal SA

d Model considers V, Iy, and [, to predict parametric
yield
] But, we need to get
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65 nm Test Chip Design, Measurement Setup
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65 nm Test Chip Design, Measurement Setup

LROUT, ROUT,
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Test Stimuli, Measurement Results

] Hysteresis and Staircase patterns to discount potential SA
memory effect ,

. . . 70T
 AVy, is increased successively «{

AVeL (MV)
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WATERLOO
ETECTECEL?N!)?OEPETEQ IENNGlﬁEERI NG 201 S'M




Test Stimuli, Measurement Results

] Hysteresis and Staircase patterns to discount potential SA
memory effect
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Improved Model Parameters
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Model for Marginal Bitcell and non-ideal SA

J Model takes into consideration V_, I,,, and I, to predict
parametric yield
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Model for Marginal Bitcell and non-ideal SA

J Model takes into consideration V_, I,,, and I, to predict

parametric yield
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Model for Marginal Bitcell and non-ideal SA

J Model takes into consideration V_, I,,, and I, to predict
parametric yield
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SA Offset - CLSA vs. VLSA

] SA offset from testchip is included in the model
Opsvisa= 11 MV 045 154 = 18 mV
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SA Offset - CLSA vs. VLSA

] SA offset from testchip is included in the model

Opsvisa= 11 MV 045 154 = 18 mV
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Test Implications

] Worst case for testing SA offset and weak cells
d Lower V, higher temperature
] Half selected column cell leakage can help in providing

debug/diagnostic resolution between SA offset and
weak cell failures
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Concluding remarks

] Sense Amplifier offset is an impediment to LV, LP SRAM
operation

] A parametric yield model based on SA offset, column
leakage, temperature is developed

] Model is able to provide debug resolution between
SA offset and weak cells

 Future work
] Impact of timing, power supply noise
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