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Neuromorphic Computing

Dot-product engine

B Conductance of crossbar array represent weight matrix

B Level-based representation

B Most efficient for fully connected layers

Pre- . Post-
neuron We;g_ht neuron
layer matrix layer
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Non-Linearity Coefficient

1. Nonlinearity Fit: Signal Shape
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Nonlinearity is strongly dependent on gate voltage
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Seq. 3

Influence of the Gate Voltage
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M Variance strongly dependent on gate voltage

B Relative and absolute variance show maximum at different gate voltages
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Seq. 1

Sequence 1 - 3: Nonlinearity

Seq. 2

B Sequence 3 shows lowest nonlinearity
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Sequence 1 - 3: Variance (I, /1 )
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M Seqg. 2 & 3 less asymmetric

B Higher variance for Seq. 2 & 3

M Variance can be improved by using more pulses
(Seq. 3)
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Sequence 1 - 3: Area Scaling o S'gn?elqs?ape Seq. 3
eq. . .

M Seqg. 1 shows a very rapid increase in nonlinearity with area scaling

B Seqg. 2 and 3 show slower increase, could be used for smaller devices

B Origin lies in domain structure and nucleation limited switching
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Sequence 1 - 3: Possible Adjustments for Area Scaling

B Adjusting signal shape for smaller devices improves nonlinearity
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FeFET SiO2 vs SiON

B SiON: Lower voltages necessary to switch fully 2 Increase in
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Polarization [uC/cm?]
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® Lower Variance due to larger MW (FeFET Comparison) not reaching saturation current

B More Subloop Behaviour - Lower nonlinearity coefficient
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FeFET thickness influence
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Conclusion & Outlook

Nonlinearity Coefficient

® Nonlinearity and variance can be tuned by signal shape and gate :
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Seq. 1

Sequence 1: Pulse Amplitude

Amplitude reduction:
B Decrease of nonlinearity in potentation

® Reduced assymetry of the variance

B Decreasein abs.k)Iute variance Amplitude Variation (100ns)
3.0 : I . I
. — 1 - r . r - r - Tt 1 - T - T ° 3 2
- 3.5V/-4.5V: >x10 . TR
= o5l 100ns LTP | 4x1077 =T aast
S 100ns LTD L0 35V At |
'O 0-0- S | X107 o 3V AAA .
E / .\. 3V/'4V -7 -J_TD AA _E 10
8 20r ® \.—0\ —o—100ns LTP i — 2l LA - / ol *:A °® oo o? ]
O \, ——100nsLTD | < pao’f . v Vs Treg gt 5
z 15} — B ol centfil st TTtteeess [ P
8 \o\ | i L \O\o\ :Qig;g\o\ 5000 ] =
c * 2 -1x107 | 2 P e i
- —_— ® \ < ~
= 10} ~0-0_ - _ @ LTP: o) LA Oy
c L 7L \ o~ %0
S .N* -2x10 3.5V Q o 0 10
L N O =
=0=0=0=0=0=0=0=0=0=0=0=0-F -3x1077 [ 3V 000 \A\ ]
05 I~ _O¢O’O~O’O’ n _LTD A\
X I, o= ) 4x107F 45V o]
0=-0=0" F—o— - PN
0.0 = . 1 ! 1 _5X10-7 C.) ] 4\./ [P T R SR R SR S 10'2
0.0 0.5 1.0 04 -02 00 02 04 06 08 1.0 12 14
Vs [V] Vs [V]

~Z Fraunhofer
IPMS




Seq. 1

Sequence 1: Pulse Width

B Strong effect on depression
Moving to lower VG

Converging at ~0.5

N ' I . -,
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Sequence 2: Pulse Amplitude

B Trade-off between nonlinearity and variance
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Sequence 3: Pulse Width

Longer pulses increase slope of nonlinearity
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