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The Internet of Everything (loE)
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Paradigm shifts across architecture, circuits, design & technology
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Universal-Scalable-Efficient Cognitive Computing
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Exploit Moore’s Law integration, spike timing, sparsity & resiliency
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“Intelligent” Applications




Voltage Scaling & Variation Tolerance

*® i CMOS, 25°C nn
o5 S oos G
5 o7 1E% Ry
= T . _ _ . - B
gn.s Analog & I0 dircuits
2 04 #Total Energy i
g #Leakage Eneroy Srrall signal SRAM array Multi-Vcc B e s
w 02 ADynamic Energy = =i El SA : it "IUILI-VCC %
01 R __‘____.______'__._--—-—" il 1 ‘_,a‘
L1} T T T T 4 ) m o )
oz wx ws W5 a8 a7 o3 03 1 11 12 ! | Largesignal RF array . I 3
Logic Ve | Memory Vee (V) i}
NTV operation for ) Clock & sequentials L AN o
peak energy efficiency N wy Slow 100
. . . T Maclure 2.5%
. L Combinational logic T Fasl 7o |
Minimum core voltage limited by o I BN
n 1aa 200 a0 ano 00 L1 S0 non W3 1aaa

circuit functional and timing failures
from process variationsand noises

Freguency |[MHz)

- Measured 1V 50°C # Phase paths 8 0 measured Fmax bins Measured 1.2V 50°C
T . = Cycle paths i ;‘;‘ = Fitted distribution
e Die 1 FasT £ ~
> 3 G4 LYEE | ofp
E 1.2 591%
3, 2 0.9V | 6.37%
E Die 2 i 4 08V | B56d4%
s 2
- [y
ESw 2
@ .
2% 5 Die 3
=T a0 SLOW 0
e< T 1o m 4 s s 70 80 T 0.5 085 095 1.05 115 135

Core ID Critical Path Delay

Variation-tolerant NTV design essential for energy efficiency




Fine-Grain Power Management
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Autonomous & distributed fine-grain power management is essential




Distributed Memory + Compute
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Integrated high-density & energy-efficient memory is critical




Emerging Technologies: Memory

Top
Electrode
Insulater
CMOS

Electrode
16 Vias

;O{,Qp M1 zl M, zl Mu[ ’
/3 M, '— "mr

L "/ My,
/‘—Q—_V_ — O O
; :

/'CMOS Column cl_rcu;{/ 8 Vias

Synapse/Memristor
Levels
7 16pA
Synapse ' Memristor
Weight {Step=20pa currlunt
code {at 0.4V)
L 258

Integrated dense & non-volatile memory for synaptic weight storage
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Emerging Technologies: Neurosynapse

Neel wall based synapse Spin Torque Oscillator (STO)
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TFET, spintronics & nano-oscillators for beyond-CMOS neurosynapse




LogR of the Number of Components
Per Integrated Function
©

Heat problem

Beyond CMOS Technology Outlook

“Will it be possible to remove the heat generated by tens of thousands of components

in a single silicon chip?”

“Cramming more components onto integrated circuits”, Electronics, Volume 38, Number 8, April 19, 1965
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Big leaps in energy efficiency trigger technology transitions!
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Variation-Tolerant NTV Design
Autonomous Fine-Grain Power Management

Learning, Resiliency & Stochasticity
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