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Abstract Recently, Kanazawa et al. demonstrated synchrony detection with MOS depressing synapse circuits [1], [2].
They found that performance of a network with depressing synapses that discriminates burst and random input spikes
increases monotonically as the static device mismatch is increased [2]. In this paper, aiming at the development of
noise-tolerant single-electron circuits, we design a single-electron depressing synapse and construct the same network
as in [2]. We explore the noise performance and design possible architecture that enables the single electron circuits
to operate at 7' > 0 K.
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single-electron oscillators

02 ODO00O0ODOODODObDOOOoDoOon
g

HNa=0 =5US

0.8
=25uS

postsynaptic firing rate

04 r =1us

normalized number of

0 I I I I I I
0 10 20 30 40 50 60 70

interspike interval of input spikes (ns)

03 0J0000000ooooooobooo
goboobooooboobbboon
oboobooboon

00000000000000000000000
0 [5], [7]0

3. ubbooooogdg

OoooooogosSeEDSOOO0OO0ObOboOoOoon
utobodobooooboboooooboooood
000000000000000 [7jbo000on
gdodoooooooobbobibddddd gna
(= gx)=54S,25 48,1 4)SO00D0 300000
00000000000 (interspike interval: IST) O
gobobboogoobboooobboooobn
utooobooooboooooobooboooonn
SEDSOO0O0 ISID00000N0OoOOo(@moon)
uoooboboooboobobooobooboono
ooooooon

uboooboooooobooooboooon
goboboboooobobooooboooooooboon
toboobooooboboooooboooooa
000000000000000000),[2000

g

postsynaptic
—» neuron

L EPSP

gm

depressing synapses

04 0D000DO0O0O0ODOO0OOOODOOO
goboobbobboon

00000000000000000000000
D00000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000O

000000000 0000000040000
00000000000000000000000
00000000000000000000000
000000000000000000000000
0000000 (C,) 00000000 (9,) 0000
00000000000000000000000
0000000000000 0000000000
¢)0000002000000000000000
0000000000000000000¢000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000 ¢0000000000000000
DOOEPSPOOOODOOOOOOOOOOOOO
0000000 EPSPOOOOOOOOOOOOO
00000000000000000000000
OOOEPSP >V, 00000000000000
00000000000

0000000000000000000000
00 EPSPOOOOOOOOOOOOOOOOOO
0000000000000 D0000000000

— 3 —



g4
5
g0
j2
34 : : : (@),
4 : : :
S \///’\///’\///’\///’
£

3,

p (b) NDS
4
s
E
o 3
g7

5 ‘ ‘ ‘ (c) DS
0 0.5 1 1.5 2
time (us)

05 EPSPO00O() 000000000
() 0OOOODDDOO0O00O0O0D00
00000 EPSPOOO(c)000D0
000000000 EPSPOO

000000000000 EPSPOOOOODOOO
00000000000000000000000
0V00000000000000000000
00000000000000000000000
00000000 O0O0EPSPOOOOOO0O0OOO
000000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000 ¢00000
000

05 (000000000000000000
(h)0DODOODODOO000O () 0000000000
EPSPO0000(c)00000000 (0000
000000 EPSPOOOOOOOOOOOOOO
00 [600000000000000005 (b)0
(c)0000000000000000EPSPOOO
000000000000000000000000
000000000000000000000 gy
(=gna) 0005 ()05 uSO(c)0 1 pSOg 000
0004 xS01xSO0000000000Sennd0
00 [6)00000EPSPOO0OONONOOOOON
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000000000000

S 4
E
—
5 0
g
-4 (a)
S 4
E |
o
>
) ‘ ‘ ‘ (b)
~ 4 ‘ ‘ ‘
LNV VY
z
o L
b3
(| L
9 : : : (c) NDS
4
g
3
5 (d) DS
0 0.5 1 1.5 2
time (us)

06 EPSPOO00(a,b)0000000
0000()0000000D0000
EPSPO000(d)000O0DDO0
0ooo

00000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
0000000000000000000 6000
07000000000000000040000
00000000000000000000000
0(06(a)000 (b)0O0DD0000000000
00000000000 EPSP(06(c))00000
000000000000 EPSP(O6(A)0005
00000000000000000000000
00000000000000000000000
00000000000000000000000
0(07 (000 (b)0000000000000
00000000000 EPSP(O7(d)00000
00000000000000000000000
000000000000 V0000000 (00
0Vw=15mV)000000000000000
00000000000000000000000
0000000000000000

00000000000000000 100000
00000000000000000000000
00000000000 (08)0Senn000000

4



N

o

input 1 (mV)

1
SN

N

input 2 (mV)

EPSP (mV)

EPSP (mV)

1
time (us)

07 EPSPOO0O(a, b)00000000
000D0000()000000000
00 EPSPOOOO(d) 000000
afufsfalufs

00000 (A)0000000000000000
000000000000000000 AIDOO
000000000000000000AIOOO0
00000000000000000000000
00000000000000000000O0 [60
100000000000000000000000
00000000000000000000000
070000000000
00000000000000000000000
00000000000000000000AIOOO
00)0000000000000 (080 1.504.0
xs0000000000000000000000
000000000000000000000000
000000)00000000000000000
000000000000000000000EPSP
000000000000 (3 8 ()0
0000000000000000000000
0000000000 100000000000000
000000000000000000000000
00000000000000000000000
0 EPSPOOOOOOOOO V000000000
00000000 EPSPOOOOOOOOO Vi O
000000 (090000000008 (c)000

100

neuron number
(&)
o

0.3 | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ (b)

OAWWWMWM

presynaptic spike
(spikes/100)

EU A o e A2 A A T
UV VAW WV VY

EPSP (mV)
<
=5

0 1 2 3 4 5
time (us)

08 10000000000D0000000

00000000000000000

ooobooooboobobooon

oobobooobobooboboooon

goooooo

0000 Vi =24mvVO00000000000
000 EPSPOOOOOOOOO V,OOOOOO
00000000000000000000000
0 EPSPO V, 000000 7T>05K00000
0000000 (000000000000000
00000000000000000000000
00000000000000000000000
000000000)00000000000 EPSP
000000000000 EPSPOOOOOOOO
00000000000000007T<05K00
00000000000000000000000
00000000 1000000000000000
00000000000000000000000
00000000000000000000000
000000000000000O0EPSPOOO 1
mVO00oo0ooo
00000000000000(1],)2100000
0000000 (08 0000000000000
00000000000000000000000
00000000000000000000000
00000000000000100000 05K0
00000000000000000000000

— 5 —



difference between
the averaged EPSP and Vi, (mV)

0 0.2 0.4 0.6 0.8 1.0
temperature (K)

09 000000 EPSPOOOOOOODO
00V, 0ooooo

googoopooooboboboooobobobogon
gboobooobobobbooboobobbon
OpB|000bobo0oDo01KOODODOOoDoooooo
gbooobobooboboobobooboboob
gbobobooboobobobobooboboob
obooobooboooobg

4. O 0O 0O

gboobuooboboobooboobobo
gboobobooboboboobooboboon
goobooooooboobboobobooboon
ooooooo cocMoSvLsIoDooouooooood
gboooboboobgoooboboobonboon
gbooboboooboobobooobooboon
00000000000 (T'<o05K)OOOOOO
gboooboboobobobobooboboob
gbooboooobobobooouobuooobooo
gbooobobooobooboboobonboon
gboobgooboooooboobobooboon
gbooboboooboboboboooboooboon
gboooboboobooo

difference between the averaged EPSP

during non-bursting and bursting period (mV)

0.3

0 0.2 0.4 0.6 0.8 1.0
temperature (K)

0 10 ODoooooooooooooon
EpPSPO0OO00OCOOOOOODOODO
OO0 EPSPOOOOOOO

U U

Y. Kanazawa, T. Asai, M. Ikebe, and Y. Amemiya,
” A novel CMOS circuit for depressing synapse and
its application to contrast-invariant pattern classi-
fication and synchrony detection,” Int. J. Robotics
and Automation, vol. 19, no. 4, pp. 206-212, 2004.
T. Asai, Y. Kanazawa, T. Hirose, and Y. Amemiya,
” A MOS circuit for depressing synapse and its ap-
plication to contrast-invariant pattern classifica-
tion and synchrony detection,” 2004 Int. Joint
Conf. Neural Networks, W107, 2004.

Y. Takahashi, M. Nagase, H. Namatsu, K. Kuri-
hara, K. Iwdate, K. Nakajima, S. Horiguchi,
K. Murase and M. Tabe, ”Fabrication technique
for Si single-electron transistor operating at room-
temperature,” FElec. Lett., vol. 31, no. 2, pp. 136-
137, 1995.

P. W. Shor, ”Scheme for reducing decoherence
in quantum computer memory,” Phys. Rev. A,
vol. 52, issue 4, pp. R2493-R2496, 1995.

T. Oya, T. Asai, R. Kagaya, T. Hirose, and
Y. Amemiya, ”Neuromorphic single-electron cir-
cuit and its application to temporal-domain neu-
ral competition,” Proc. 2004 Int. Symp. Nonlinear
Theory and its Application (NOLTA), pp. 235-239,
2004.

W. Senn, I. Segev, and M. Tsodyks, ”Reading neu-
ronal synchrony with depressing synapses,” Neural
Computation, vol. 10, pp. 815-819, 1998.

T. Oya, T. Asai, T. Fukui, and Y. Amemiya,
”Reaction-Diffusion Systems Consisting of Single-
Electron Oscillators,”  Int. J. Unconventional
Computing, vol. 1, no. 2, pp. 177-194, 2005.



