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Silicon Based STDP Pulse Generator for Neuromorphic Systems

Jung Hoon Lim' and Kyung Ki Kim**

Abstract

A new CMOS neuron circuit for implementing bistable synapses with spike-timing-dependent plasticity (STDP) properties has been
proposed. In neuromorphic systems using STDP properties, the short-term dynamics of the synaptic efficacies are governed by the rel-
ative timing of the pre- and post-synaptic spikes, and the efficacies tend asymptotically to either a potentiated state or to a depressed

one on long time scales. The proposed circuit consists of a negative shifter, a current starved inverter and a schmitt trigger designed using
0.18um CMOS technology. The simulation result shows that the proposed circuit can reduce the total size of neurons, and the spike
energy of the proposed circuit is much less compared to the conventional circuits.
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Fig. 1. Schematic structure of biological PRE, POST and synaptic
connection between axon terminal and dendrite.
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Fig. 2. Spike timing dependent plasticity (STDP).

3. Si-based Neuron Circuit
A2 e AAl e A7) dEs wRit)
A 7L G R FE T o2 Add FAT
FHE 2 md7bA] g dee] el 7 2do] 9l
o Bde] s=do] FstE oY 7] £33 19404
o ol AlkElen, stEdo] 2 wE HAE AFEE
AREE = A 2 kA e B A QS RE Y ke
A Ftolit. A4t A T8& AdsA FAL 5 UA
| Az el Ha m,jgal Eo 5408 AxEI 0] 7t
o] 74 AlEdEolAdo] /171 AT sh=do] B utE A
AR A2 oA A= w7 294 55 St
2 T e =2 289 =2 A 7R Ao >

2= 5 Qltk

(@)°A] synapse= W&
u} ¥l E (crossbar array)2 AFY
AE] C1& synapsedl] 2JajA F7o
Zdstol PM13} NANDAO|ES] 29132 913 7] Ak
0} negative level shifter?} current-starved inverterS 7 X|&
feedback ©ll oJejA] HF Zufo|art YA HF =9 29
O] 3+ synapseZ THA] Y80 2 m=ulo] F]o]A| Pre-neuron
spike 9} Post-neuron spike 2] A7t }of| wEbA synapse2] 715
A& 2AsHA Aot

Fig. 3 (b)2] current-starved inverter= A o] F-ojl A LA & =
Aol A% V19F V2& current-starved inverter2] current mirror
o] A HMgfo 7 ARg-3itt Vol el siA] @A Sl= Current Mirror
AFE Fig. 3 (b)IA B2 31 MOSFET®] 244 A|7+S 22
3l EE oA 2 negative pulse2] -2 A3} WhH V2ol 2
a4 EAS= Current Mirror AF-E o] 91 MOSFETS
FRE AR 2 ste] oA 9] positive pulse®] %S A%
3t} Fig. 3 (d)9] Schmitt Triggers o] = npRS 27 5o
noiseE A|AsH] §13F H2 07 ARgo] T

B RoA 5] S FAAIF717] f181A] Fig. 3 (c)°ll A €]
negative voltage level shifterS 283} T}. Level shiftere] $F &
©] NOR Al°|E°] 4 ehe] AJ7kxtol| whhr] oA 9] 2]
Aol o] AR A At 39 Aol EYA Aol &



Silicon Based STDP Pulse Generator for Neuromorphic Systems

!

Synapses STDP Pulse Generator

Negative
Level Shifter

out_neg
ol Current-Starved
Inverter out_
1 9 POS
A

Pre-neuron —} >+~ OUT (Post-spike)

B

\ Viooov2 Y,
N T Control Voltage

out_neg

out_pos

(b)

Vdd

P1
VDD

IN out
ouTt

-VDD -VDD -vDD

(© ' (d)

Fig. 3. Neuromorphic system with a new Si-based neuron circuit: (a)
Total system, (b) Current-starved inverter, (c) Negative volt-
age level shifter, (d) Schmitt trigger.
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Fig. 4. Input and output waveforms depending on V1 and V2.
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