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Abstract

In this paper, a new synapse cell with nonvolatile SONOS semiconductor memory device is proposed and
it’s fundamental function electronically implemented SONOS NVSM has shown characteristics that the memory
value, synaptic weights, can be increased or decreased incrementally. A novel SONOS synapse is used to read
out the stored analog value.

For the purpose of synapse implementation using SONOS NVSM, this work has investigated multiplying
characteristics including weight updating characteristics and neuron output characteristics. It is concluded that
SONOS synapse cell has good agreement for use as a synapse in artificial neural networks.

Key Words(Z280{) : ANN(2!Z &AL, Synapse, SONOS, Weights (7}=%|), Charge Potential(®at=ElA) -

LAE aoq-l 23449 2Rgez A& IA
E«l Xﬂ““’ 39 A, Absieb-Zsie-Ab g
iz AAute] Wig VLSI 71€9 &L 13H @9 3% %X‘_ % Z+= SONOS(Polysilicon Oxide
waxgaNe JbseiA sa o, FRAFE Nitride Oxide Semiconductor)FET 71942t F
o 9 e P29 MARdgzsde A% Z7t rastn 71E9 CMOS AxERFE HAEE
ANZZ712 A2E A ZdoA CMOSE & % 9lom scale-down® 2% A3t {5t
2% VLSI Rde FEoz we A7/t Ay o MNOS F& 2 RA{ANE Fx7} ze FAE
et 2% 4 9ot
EEPROM 4 A& #838to] AFANATY A B =RoAE ATANATY AlWs ZdAzE
2 FE3E e vIded 544 EAY A Argat7) 18t SONOSFET 7194axg Alztet
2 g Zzagd EddM Ay NHE 4 2, AgE A¥a Ay $HEA JFEANMEEA
& Aol gt} ‘80 F 4t Lincoln Lab.(MIT)9 W ZFEANL zAE SONOS Az A2 73
Sage?=  MNOS(metal-nitride-oxide-semiconduc— 3}arzal el
tor)FETE o] 83t A dx B4& Addssoyd
Ager S FAYED AYGE 878 A Atk 2. SONOS NVSM HZF 2 Al A M M
Ha '9od o] o]z e A o] E(floating gate)
MOSFETE #4% Ayxgzzrzt d7¥9x 2.1 SONOS NVSM
t? 2as AeolEd SN s HA s (SONOS nonvolatile semiconductor memory)
7l g8 #fAClE Tz FET 7k 42 ®el & SONOS NVSM¢ A28 $18iAE n-channel &
Boqsn A4z 2y 247+ DDD (double-doped-drain) FZ21 71£9 1
FHAEA 29T YAE 47-1 Mbit DRAM € (1.2 pm A+ 3) n-well CMOS
d’“"' A 19973 89 84 ARz 7% Wgon 2xe d¥EE 1Y 1
AAbgg 119974 119 289 3} 2 AEAZL double-polysilicon/polycide



ABUHYE A SONOS 719arsl——o 4, A%, 4%

olx, &3 AL LOCOS isolation W¥< e v,
shach Hdgastae 7507 C oA NyO, ¥¥ |
el SdaN 38 FHHFAAUL. Fspze

745Ce]  A<ts ey A EH(LPCVD) =X 1887
10 : 19 NH3SiH:CLe EF7|AE wreAA s
Toel FHART £, 920T e AL} AE I
Ao O/H/LN; 71AS Tl ®A 9087 A3 - Y
e AsAA Bzgastde FAstgch g4 N Yo
st d& EHayidgudseg sty £
Ale 22 30 A, 165 A, 65 A ol & A9 ¥
< Ad Z3 eyt 47 & v p-FHd ¢ {
n-A'd¢] SONOS NVSMe 2 TAEM, AlYyx 4

.\/2

of A8 279 Ad Z3 dol: 15um x 15 13 2. SONOS =9 Alygx 4
pm o[t} . Fig. 2. SONOS unit synapse cell.
GATE POIy_Si INPUT INPUT
SisNa 165A
SOURCE DRAIN : ‘” o5 ”» —-“ s
B5A

VIIITTIIITIIIIIIIIIS OA

Vresd

GATE CHARGE
POTENTIAL

SUBSTRATE
OJ% 1. SONOS NVSM g9H = 1% 3. SONOS B3 Alyx 4
Fig. 1. Cross section of SONOS NVSM. Fig. 3. SONOS combined synapse cell.
22 Al A M A2 PP
B =8 At A¥A A2 JHY FXE =28V, Vo @
Zhe 99 Ada dn HEIRE Ze HdYds ‘
=27 dele B§ Ay A2 a9 233 Aok AN, Ve Astere] ASEAMOIL, Vo o
Z- F oA Ala Ao veazs MyPgAd 2 A gtol T '
A BRgdn AR A 74 229 =Hd-ax 29 3¢ AYAA AxAYEL 37 zale
42 Zd'?r (IDS)“E O}EHS”]’ Qo] -’r‘-°i7él‘3}6) %‘33{7} 2oz  SONOS }‘]‘SB-’—': /l‘j:]_‘_?__ n_jﬂ‘é
_ B o2 SONOS 7194zt (15 gm x 15 um)E AHE3HH,
Ins = Bl(Ves = V1)Vps -~ Vps7/2] (1) o EaxAHY SHAe Rold JFALGL 2
ATM. B PEAS Ve = AE 227 A Astn AllE @Rbe] BEHYe] FxE gt
o Voo CHQl-ang A Vel EElEtols SONOS Az 27te] Y AHB2(Gps)E =7
y DS — Rt Rt ROLE A ~ Ly
A2 %Y WA AEHE 2 e SR~ R vholels <7pA) obel 43f 2ol AAAR
b f —_— L. —_— _ ]
B7b s9% 8 sk Vr & Feda AR Ae 2 Gps = 0 Ins/ @ Vbs = Ber (Vos-Vr) (3)
g 20Mg EYAFE o 2o F ALY & ‘



AZ1A, Bett = Cetr tetr W/L ©18, Cerls &2+

AIAANE 2, per & Ne)ole] HEOFE, We

2 29 Ad £ 9 Zojojt}

SONOS 421¢] Alo|Ee] ok(+)e] Tz A
&g A7tEHE &9 AYEArE faEA Hu
22 71247 99 #H % (=)e] Z2aH"
AgE UrtstA HE A9 Agdas Frksta
2xHE 2AAY o 2dd-2027 EHAR
T =49 ALz vYehde d=HAYgH SONOS
EAAAE L At de] Fo vd sl
B 2dojA SONOS E#AAE Y 4£9A GAE
NZ o 2 A9 M2 (summing bus)ol] 2
A5 TS folstA Adstdg. s A
e Aol Mgd AHolv, AT, £8€ YE o}
B 2

Yi = Xx AGps RrR2/R: (4)

A714, Ye £ k #A $H7)9 zgAgoln
Xe B k A8 £379 sy A AR
olt} Gps € w4719 AGYE 2ol Rf, Ry, Ry &
e ¥ Hg L ABFE5] Aok
ANgzel 718 Ao 2dALL U = 2 Wi X
2 AYHuz $37)9 k WA AFAE oky 4
3} go] EAY 5 U

Wk = AGps RrRo/Ry (5)

g, 4 Q) 4 Gl ddstd AFA 2ne
et 2ol ek 4 3o

Wi = Bett AV RrR¥/Ry (6)

4714, AVre k A $47]9) SONOS EdR| 2
§ % 493 swd gazd Zde 2EAY
o] apolol .

383 & ug

¥

Al @3l 49 $Y54e 78 A%E 33y
ask 2ok A0S ¥} 29 15V, 0.1 msd
B2g Qs Asge] AFHE HFAE I
A SE, AAAYS WANA F¥20) s=:
WHE 2AE Zolth EPRE 5V AA 5V

AN AAAEE S =EA VoLll, No.l, January 1998,

9 @ EA AR AUl o} MYz 4

HSe 548 Bolx gen, FFACES dIFA4Y
A4S A7tEke 718 R AAE ¥ 5 gt
100 I I
GATE POTENTIAL
. 0V -
50— ¥
- . 08V .
2 & 13V E . .
5 0
et L2
E 50—
) &
=}
-100 -
-6 -4 -2 0 2 4 6

DRAIN VOLTAGE(V)
38 4 w9l AWz A9 $HEY
Fig. 4. Multiplying characteristics of unit synapse
cell.

a0r (a)

B ) IVAL fos

THRESHOLD VOLTAGE [ V]

L i 1

W& 4 o 1 1
NUMBER OF PULSES

(b)

~
T

o
T

w
T

-—— e __§.
"nan

THRESHOLD VOLTAGE | V |

10* 10° 10°
NUMRBER OF PULSES

33 5 Hx Qste] WE shEx Wy =X
(@ +15V, 01 ms TEadw Wa o7
(b) -15V, 01l ms TEaes) B A7}

Fig. 5. Weight updating characteristics with pulse
cycling.

(@) +15 V, 0.1 ms programming pulses
applied.

(b) +15 V, 01 ms programming pulses
applied.



, TR1:2V, 0.1ms

. TR2:2v. 0.1ms

, TR1:2v, 0.1ms

. TR2:2v, 04ms

, TR1:2V, 0.1ms

_ TR2:2V, 04ms

, TR1:2V, 0.ims

_ TR2:2v, 0.1ms

(@
a2 6 2Y AWs A9 29

Astxeido] gl A%
(b) AWEtENH 08V
(c) AstEXdMd 13V
(@) AN E 26 V

Fig. 6. Neuron output characteristics of combined
synapse cell.

(a)

(a) no charge potential

(b) charge potential 0.8 V
(c) charge potential 1.3 V
(d) charge potential 2.6 V

10

NEREE L

SONOS 719 47H8)——o) 4, AFQ, A2

2 ?

:L% S5 Zzodd "xd e 7hEA WS
F3 Aoy AolEY 15V, 01l ms o ¥
S17bste) BEE AL o)T g =AM Aot
boH20) eate] s FEASE ojF@e] A
Z@se Aoz Hop Astvhe Haxd
Eo A7t 2o =zt wat FH
AETE & F Atk AHs A2 v

w2} A7 ARA oz W
}% PP sHE A
o HH HIHEEF

fo rot

i
of

(o]

A

—

2
B ]
}:I

I VI 1 N mlo
N
olr

re
) ol)
S
2

ol
& 7

b~

7=
1%
93]

it
Lo
[(I
i)
ruﬂ_“.i
X
_\,L
J

op [¥ S dz fo mx 2 2 {r ox

itk

oo
D
rlo
:?L P
m‘z
° (W o g e
e
S
o
v

s

e o U

o o2
FL
T

s 9
4

old

1°lEoﬂ 15 v 01 ms
’*1 Ade AFGEANEE
AN Ao HIEd 2
, Aol HAER Yol EHE EE F
01‘3} 29 6 (b),(e)(d) & Zrz A&z
16 V, 26 Vol &gt
16V, 24V,32V & 43
AHNTE Fol7] 4T BF Adx 4
Hgerh ANFHen FUEHE JFA
I e Ao 24 (6) o ZIYE BE
i & 5 ]tk
2QANE 4-EFANAH 2-4F'Y dg 2do]
U, S-Ed2FH 4-49% 2 16-EWAN2H 8-9
(-9 #ololyey Aol disln AlEdelA
(pspice) 3l & 23 478 & 2L &Y oot &
}A4E ZEFYSF WPl FASA o|FAHE
o 4 qlth
ol @Ae g 9 edgoelojst gel ERESF
E J}ER 8 Ho] nAEA o]FoA Tgdig
Z FYPAr 9-2F(zero-error)o]l 2ot © :L%jt.é}°
veldlsE e ¥ F

& o
o
oo IR

oy
E
o

"
o

>

J:wg

\

S <

oo 8282 Do R oS oW

2 O rir rfe
flo S o

o
ih3
o

2
R
4
.

x e T

Lo
of
ol

)

ft

. b
do
-t
$or

01‘;].

=¥ 4

o 3G

A =
g =8

)4 Ao Aga A2 AAYeR T



THE Al # g SONOS NVSME 7)ikx
A2 AHg st gloh

AHEY e 33 3R ojgom
Qe A% aAe 58
s, Agae A4 2 AFA WESHANE
FE% A3}E dehy) .
RAEAGS) nFE B BYAUE 49 A
Wa-Rdslse 2 4 dgew, o4n ge
Awg £ u SONOS NVSME AT Ay
2 A2 AFE 715 23 Ut Ror =AY

Aot

i
3o
o

it}

ngd

1. A F. Murray, "Hybrid Analog/Digital
Puise Firing Networks”, Prentice Hall, pp.
290-314, 1991.

2. ] P. Sage, et al, "An Artificial Neural
Network Integrated Circuit Based on MNOS/
CCD Principles”, Proc. AIP Conference on
Neural Networks for Computing, pp.381-385,
1986.

3. TShibata et al, ”“An Excellent Weight

1

. Allan et al.,

A7 AZA 283 =EA Volll, Nol, January 1998,

Updating Linearity EEPROM Synapse
Memory Cell for Self-Learning Neuron-MOS
Neural Networks”, IEEE Trans. Electron
Dev., Vol.42, No.1, pp.135-143, 1995.

ol dul, A F el gl M BE, “AHG wHeA

MEA 7|22 E 4 scaled MONOS T2
3l A", £48d8, A9¥, A25pp191-198,
1996.

. 41339, “SONOS EEPROM 4ze] &g <A77,

A7) AR A, A7H, A2F, ppl23-129,
1994,
"CMOS Analog Circuit Design"’

Holt, Reinhart and Wilson, 1987.

. AF Murray et al, "Pulse-Stream VLSI Neural

Networks Mixing Analog and Digital Tech-
niques”, IEEE Trans. Neural Networks, pp.
193-204, 1991.

. Simon Haykin, "Neural Networks-a compre-

hensive foundation”, Macmillan Pub., Chap.l

and 2, 1991.

. I. S. Han, "Modular Neural Network Hardware

Implementation of  Analog-Digital Mixed
Operation”, IEEE ICNN '93, 1993.



