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Abstract: An inhibitory network model that performs
noise-shaping pulse-density modulation [1] was imple-
mented with subthreshold analog MOS circuits, aiming at

the development of ultralow-pow&A-type AD convert- 0 5 10 0, 5 10 15

ers. Through circuit simulations, we evaluate tifees of (ms)/ / time (ms)
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Method: The network consists oN integrate-and-fire
neurons (IFNs) with all-to-all inhibitory connections [1].
A common analog input is given to all the IFNs, while 1-
bit digital output is given by the sum of firing events of
the IFNs. Static and dynamic noises are introduced into
the analog input and the reset potential of IFNs after each
firing, respectively. Since the wiring complexity of the net-
work; i.e.,O(N?) in [1], can be reduced t®(N) by intro- O T T T e os 0 4
ducing a global inhibitor [2], we designed a network circuit inter spike intervals (ISI) (ms)

as shown in Fig. 1. The static and dynamic noises are given

to the circuit as device mismatches of current sourtes ( F
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and external random (Poisson) spikes, respectively. and the histogram of ISls (bottom)
— Poiison input g/ 10_3
n(t) o )
PO”f,?(r;)mpUt fout q —_ uncoupled
ml ’; t—iEm2 ! = by
U, 8
- 51074
V;,—Em4 Ims )—I ;I;I j 57 % coupled
o
A " | \‘ 1
(a) neuron circuit W ‘H-{MW
T1:kT ‘ -
I I I, |0-5 . . .
It LR P 1 10 100 1000 10000
VLI out, out, 2 out, 3 frequency (HZ)
"i,Z "i,3 | L T Inut, i ) .
: : Fig. 3: Power spectrum of sum of output spikes.

(b) inhibitory neural network with three ﬁ"éurons

spectrum of the coupled and uncoupled network with sinu-
soidal inputs [j = lg + Asin(2rft), o = 1 nA, A= 50 pA,

f =100 Hz). A measured SNR of the uncoupled network
was 10.2 dB, while that of the coupled one was 18.1 dB,

Results: Figure 2 shows an example of the circuit simu- . . . ; o
i ' : hich indicated that th twork reduced th fi-
lations (N = 3, I; = [1:1.2] nA, amplitudes of the Poisson which indicated that th€ network reduced the noises signit

. . e tly, although noise- itive (but low- bthresh-
spikes: 1 nA, the width: 1Qs, the mean and variation: cantly, although noise-sensitive (butlow-power) subthres

old CMOS devices were used in the circuit. The ¢itee-
5000). When IFNs were uncouplel & 0: mirror rate of : : .
a pMOS current mirror in the network circuit), inter-spikequency was able to be increased by decreasing capacitances

. . ) or by increasing the magnitudes of input currents.
intervals (I1SIs) of the output spike trains looked almost ran- y 9 g P
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Fig. 1: Circuit structure of neuron and network.



