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Neuromorphic — Fundamental Question

Neuron Architecture Error-Resiliency = Energy-efficiency
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Digital vs. Analog
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[1] Sarpeshkar, Rahul. "Analog versus digital: extrapolating from electronics to neurobiology.“ Neural computation 10.7 (1998): 1601-1638.
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Neuron Architecture - Digital
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Neuron Architecture — Mixed-Signal

Resistive Load
No PMOS load to ensure

n
VOUt - 6(2 Wkngk) ¢ Rload ia f(Itotal))
k=1

Rioad . L h
* Large Signal Multiplication
Vout ®
I HN Iy I NIy I NIy
| 2X | 2X | 2X
1X 1X 1X
Im Im Im
A I v AT I v cesens iy dh Al
N N N
?lbias | ? lbias | ? lpias | ]
- s Power vs Frequency
10 . * .
—1nA m
o ——10nA Vb
T | 100 nA | - A
= ——500nA . . ¥ o
c \ gmﬁ . pag : * A
S | N\ S T
= \\ T a : * o P
@ g 8 * fn’
2 @ 10 . o
O I * P
pd o
: : : : 10" : '
100 102 104 106 103 1010 104 105 103 1010
Frequency (in Hz) Fregquency (in Hz)

SPARC Lab




Comparison: Dig-N vs. MS-N
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Error Resiliency vs. MS-N Noise
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Dig-N: Noise and BW vs. Power

Noise vs Power
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Dig-N: Noise and BW vs. Power

Noise (in V)

Noise vs Power
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Input layer {51) 4 fearure maps
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FCN (1784, 1H 50, 2H 100, O10)
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FCN (1784, 1H 50, 2H 100, 010)
Prec vs error
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MNIST
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