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The Energy Challenge of Artificial Intelligence
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Beyond von Neumann
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NEURAL NETWORKS seems Especially Adapted
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Recent Breakthrough: Binarized Neural network

Hubara, Courbariauet al. NIPS 2016
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Binarized Neural network:
Very Simple Logic&Dperations

Bitcount




RRAM Technology Involved

A HfO,-based OxRANNtegrated in a 130 nm CMOS logic process
A Fast / High retention time / High endurance
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RRAM Variability Depends Extensively on the
Programming Regime

Programming condition Verystrong
SETcompliance current 600pA 55pA 20uA
RESET voltage 2.5V 2.5V 1.5V
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Prog. Energy (SET/RESET) 120/150pJ 11/14pJ
Cyclability 100 > 10000
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Exploiting weak programming conditions for B




How to deal with bit errors?

A Classical Approach : Error Correction Code
Y Incompatible with in memory computing
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ECC leads to a big overhead
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Our approach : Two RRAM Devices as Gmary
Synapse to reduce bit error rate

o0 &1

AClassical circuit to ADevices programmed AReading circuit behavior
differentiate resistance state In a complementary .
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Array structure: 2kBits devices

APhotograph of our circuit ASchematic of the array
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What if we used

1 Transistor 1 Resistor (1T1R) array structure ?

' WLl | | RRAM
|R(W§_L BL: matrix
!_____J (1T1R)
R(W)
Devices resistance 1
states : 0

Resistance threshold
HRS
between the two -
resistance states :

h

Big memory window
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1 Transistor 1 Resistor (1T1R) Ig
Prone to Errors

' WLl | | RRAM
|R(W§_L BL: matrix
!_____J (1T1R)
R(W)
Devices resistance 1
states : 0

Resistance threshold
between the two E R,
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2 Transistors 2 Resistors (2T2R) configuration

Gnd
R(Vv)g §\R(W)

Devices programmed
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2 Transistors 2 Resistors (2T2R):
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Comparisometween 1T1R & 2T2R

Bit error ratesextraction
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