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Abstract

Short channel Nonvolatile EEPROM memory devices were fabricated to CMOS IM bit design
rule, and reviews the characteristics and applications of SNOSFET. Applications of SNOS
field effect transistors have been proposed for both logic circuits and nonvolatile
memory arrays and operat ing characteristics with write and erase were investigated

As a results, memory window width of four terminal devices and two terminal devices
was established low conductance state and high conductance state, which was operated in
"1" state and "0" state with write and erase respectively. And the operating
characteristics of unit cell in matrix array were investigated with implementing the
composition method of four and two terminal nonvolatile memory cells, It was shown that
four terminal 2 x 2 matrix array was operated bipolar, and two terminal 2 x 2 matrix
array was operated unipolar,

* FIFAHENRE ARG
ok QAFAHAE N At
¥ x o o sty o) &Y AR e e
1. A& ze zhe wFubA] SNOSFET (polysilicon
—nitride-oxide—semiconductor field effe-
)28 7A3EE] Al A oA HolElE A F ct transistor) wkRIE A 7]?1£1X}%}“7’$:iﬂ
3l7] gste]l  xpriziol v aAte] A& ol we AAdo R ReaA i Wiy
ks H v ARbs A8 AL E o], H<t o AEy AL 3 4= Ax FEPROM
wh A F A V)4 e ﬁédwﬂﬂﬂ upa} b (MWHNﬂHym&deﬂ%mmwﬂcmm
=4 2194 scaling down ETH ol A only memory) ©.& L& %io]* g el
GACRL }aom oleh, olg Y AR el mhept et gl g AR

T. 1EEME, Vol 6, No, 1, 1993 28



B84 EEPROME $1% SNOSFET @9} o] ojgfiolel 3¢

2y AHT glon ole Ba ol 4xI0 e’ olefdstel n e YA
AdE qde o7 o}, ol g Alstel H]kziol7h 0. 25l nt o ol
W34 SVOSFET 7]e} el V]2t 2 0. 15mel n"ojod o o Fojd mElQly 2o
A FAS A E*@—J AspA gl 9 2 oot QI Fy 2olx= b7 n-chamel
gtol o] Fojxm shitel 7]e] AL et p-channelol Al 15 x 1.5 . 15 x 1, 8mmolth
Short channel B3 9A]  SNOSFET Azl=
CMOS 1 Mbit AAFRo] whe} a=stn o 3 =z
of gk Io-Vo 54, 1o-Ve 54, 294
4. VA S48 2asdn 4%kZE SNOSFETe] 2 x 2 of @] Aol A vl
£ =l SNOSFET e ojelel w3 5 B vl Ao /E 2/ P #5529
)f}i*i’f}z}]is] L;—ﬂxglll; sca]inqu_O\m olglol= 1 13} 7o
Fodon Tane sua san ST W A% olelo]l oM 2/ 2AS A
oz og;;?a}lf 3; i; Z;AXM e as Cgeiz goh Age gHe) 2/ 20
ey CE R SNSET2. 3 o A9Y EAAAY Tr,, Tre% ‘on’ A7
m i Try, Tre$ “of "8} 8oy -1a]x 4
olE #9l G, Gpol Vy= +34V, Ly= 50secE
2. &Ae Az Azbstel AAFC vl Akl FET, o 2
= AHE =499, AeA 7HE B A
© A& S8t A#E v 3 SNOSF A& st 292 EWAAE Tr,, Tre. Tre
ETe] A4-gde ded Aox (MOS IM ¥ 2 “‘off" AEjE st} creln AolE gl
A (1, 2 #m design rule) o] Aslute] =3zt Gioll Ve = =34V, ty = A0scce] &7 HALS
TBE Friete Agstgith. Ngere A7} Fo} FET, & 2e dol dgoe Bt
HAE 6-9 Q-cmd PE H8l2 (100> 4o st ko] Hsghe] <17t s A ‘3%0} G W
HE ARk BdY dstae @l A ko FET, FET,&= AlolE @<l G,
sto R 775T 9 Fikaol A 1623 A
o5 slolx ol YFAALM FAE J0A
ofth, st} 9ol slojdat 4L 9@ X1 o
Ashare qsraletEzol A 10019 My \R \(7\ \(7\
SiHCl, &35 ke A7 23ler 94
Ao FAE 525A0Y Ao A9 X, S
Z#9le hot carrier ®AE A ¢z
stel DDD R stk PE 50KeV, 4% \ﬁ\ \R
X 10‘3/Cfn2§1 o] 2-FQl5ted n- JAL A,
g e AsE 950T ol Al 304 E <t 80KeV, X3 T
i 1 |
DRAIN LINES ! t : {
Voo Voo i 1 | )
H e SOURCE LINES X N-T 4 -=- -1 —
AL s - V \R %
D, Sy L] D2 S2
XN 1 -
*L_I_F—'FET‘ "’LL_“FETE
. T T Y Y2 Yn-1 YN
GATE LINES [ e L [ FEn Fig. 2. 1 x n array of C=SNOSFRET
. T I T
ol e ol e 871 el vhelols gigre] ¢l HXI e
{l ﬁsum {’Lsua: k& Gyeol WRel AEE L l’l ) & L
ebla itk FET o] 17 e 852 Ao
Fig. 1. The 2 x 2 array of SNOSFET E gael] V, = 5Vel Hers < 7} ] 29

29 T. IEEME. Vol 6, No. 1, 1993



EREFHRSE & XEE 648 19 1993F 17

A el Tre g ‘on" A7 F 0 =ecl
Bl A AR SRS )
o8l AR 2 Aol AR gARe
24 R E B3
: B
fe— -
% 7 ¢ I VWo434V Wl . 16x15um - *

E ®= L Vw430V *

6 . - -

s 4 Vw27V . . - -
~ s . a
fan) a

{ A

S . .

js) -

&= .

= 20 .

(.

1 . a

O INITIAL STATE  Vg= ~ 34V, S0 SEC

= o : i . " . " L n
E -6 5 <& 53 ) S '
= sx0® s5a6° snd® 510 sd6” sl s sx10
Z PULSE . WIDTH(S)
-8
-
-7 ¢ iVe=-34V wxLi15x1.5um R .
g . (Veg=-30V *
—-6 .
_C_; 4 iVg=-27V - . : .
= .5t
5 . -
= .
7
L | .
% -2 . N .
= - : .
.4 b b
o . INITIAL STATE i Vyy = +34V, 50 SEC
Ef: o 1 1 1 L L I i 4
= 515" sad® sa6'  sad® sqad’ sad s sx10'
)

4.

PULSE . ,\\“II)T}i[S]
2

Fig 3 Switching characteristics in the
channel with width x Tength: 15

x 1. 5t
(1) High conductance s
conductance state
(2YLow conductance state—High

{ate—Low

(i()ﬂdll(,‘.l ance stale

okl @3 AR SNOSFETS] V)3
a7, BHES xAbsky] Yskel ok <l
@A) nxn 719 A& ool F=
= oorg 29k #@roh

Ax 9 &

4-1. 12 272 2993 &4

fd &) zlol 7} 15 x 15 emQl  SNOSFET

s ol A /S AN o] Ao 2
/loﬂ b2 BejAgre] yHAE 1y 33 Y

o
T. IEEME, Vol. 6, No. 1. 1993

30

[e)
U

Ve= —34V,

A%

H] 3 up
te=b0sect
] V=t 34\

] x:;qo

+34V,

ARS8kl

g SNOSFETS) 7] &%
Foqlvkskel AAAR)
+30V, +Z7\° A HAE w
g gel (D R 2%
= )Oss'( £ Qi7tete] V=
Ve= —34V, -30V. -27vel
S 3¢]

wg

~
‘r‘

N

o
|
-

'LEJ
J+ d)i]i L1

—1°
L

XMooy oo >
=0 T LAy o
_:1_‘:‘9-‘“'1-' lin
27 l
ul ;‘—1.‘\':

SNOSFET 7]}
ol A A A
ALEH(I; )\o]z]tﬂ EaS o)
e= =34V, le= H0sec?] &4 H

7 Al AER HAHIG V=
+34V = 50sccel 7ERXAE Q173 V)
EAZAS o viEE a71e 7.
ol oA ;%71
secd Qlvlale] -
Az g el ol A
Blod Ve= =30V,
of 2ANRE

(AN

o
i

N
h
b 92
¢ o o4

u\.t
0
X
-
-4
o _

JRRUAD-3
2,
>

~
N
o

4-2. 2%kR} 2ALe] A¢H
Gt A C-SNOSFETY=  p-channel ¥ n—channe!
Ptk o] fﬂa 2913 548 =
L} otz a7 TRkl hEk T4
e= —34V, te= Obe(f: el7psle] A A
5 271208 et T, @Ak Yy
v, -30V, -25vel v1E HA Avieh %
gANEAAN 75 BG4S F 2=
crl 4ol (Do Bk 2R T, ‘,1} l
ek T, whabel] Ve= —34V. L= H0secE <17}
‘51'01 DAL AEE gah T, @xbel il
-34V, -30V, -25Vel & WA AV
WA 7lmAa A B4 ST A
= oorg 49 (2)9F 2k
o1l o4e) (1) mANE 2R Arbe] v E H
e V= =34V, -30V. -25Ve]l te= 10 usec.
100 psec, 10msce HAFolrq 3V nﬂgv_p] 9
49]

o ¥

éff

= 34
LA L

5

KeX

S

pil s

L8 Vel g 2o Ay CLE

(2) 5] A B Ve= -34V0 -30V *Z.
o]l (e= 10 pesec, 10 psec, 100msce F1 22l
A3V odRe) Y1L$vE vER S Bolgal



B 3% °d EEPROMS 1%+ SNOSFET w@9] 4 o) oAelolel] W o1

8
-
>
L7 | INIAL STATES v =—34v, 50 sec M
(“5' - . A
< ¢ |
5 -1
(o] L]
55t ‘
=) A -
g -
4 L
s . )
@
I -
s
w
S L1 *Vyw=-34V
- .
u A - AV, --30V
T 'Fr
» a;Vw=-25V
0 A

A L Il i 1
10° 10*  16° & 16' 1

WRITING PULSE WIDTH CS2]
(1)
n
>
[S] 3 Vg =-
w-14.6 & *iVe=-34v .
(o]
= A;Ve=-30V
] 3
2 ( ®iVg=-25y
g-a t
o
I
8-3 .
< [}
.21
u -
(=] -
-1}
w INITIAL STATE i Vo= — 34V, SOSEC
I L
(723 O S 1 A i A 3

165 0* 19° 162 10 1
ERASING PULSE WIDTH CS 3]
(2)

Fig 4 Switching characteristics with
pulse width of C-SNOSFET
(1) Low conductance state—High
conductance state
(2) High conductance state—Low
conductance state

70
mn
< 60} Vo=2V WXL 15X1.5um
) Ym=4.4V
= 50|
z " Vg =av .
T aof ®i v =5V
-3 Avs =6V
30}
o
z
5 20}
s
w
T 10} s
L ]
0 L 2 b4 (] A
5x16°  sx19¢ 5x16°  5x10°  5x10"
READING PULSE WIDTH CS3

Fig. 5 Reading current for reading pulse
width at low conductance state

31

UTE olgel Aweie pad axe wi

R}

4-3. 493 &2 BE

Hhﬁ%*ﬂ} SNOSFET 2] W E &
ojgttt Ztzhe] wel Mo A
Hz *JEHE dAsY, a9
& =9 wal #E #3as
2 oA 0" Aeier (1T Abg
Atk

|

mi—
it nz lo koo

B]ﬂ‘?:_}*é SN(BFETT‘:‘ Vw: +30V, [w: 505(}(7—:_'—;}
7
26 VoSV WXLi15X1.5um
: Viv=118v
5 .
z Vo =
z siVe=ay
z 4 f .
« ®iVg=5V
>
© 3} e Vo=6V .
g
a 2
<
w a
c ¢ | .
L]
. . s
[o] A i }.3 N .
5x10°  5x1g* 5x6° 50167 516

READING PULSE WIDTH rs31

Fig. 6 Reading current for reading pulse
width at high concuctance state

e 99
dde Vo= 4V, 5,
Bl =7) V= IV,
MEA7IEA =g

s o1 59} 7

A7hstel AHw goe
F5E AolE upolo]~
Ve Z7hA7EA B
Vo= oVs} 9% mazg
Aol 32 ARge =
o}

MIEE RAE Vo= 434V, te= S0secE <l
tstel AAE gez weo vy de @
% AolE ulolojs Ak V. 4V, 5V, 6V
2 FPAAIRA MRS 2] Ve,
2ok s WAZ e WsAEA =gl
g=atwl 13 64 P

)

q

= 2] =
52 AFiHs

LR 59b 62 49 A axps A AL Abe o)
2HE FEHR ghe § vte wm mo gt
ORI INe] Ayg gAW » glos

BolFa elr},
4-4. 2944 £29] A=

T. IEEME, Vol 6. No. 1. 1993



BERETHESE @5 648 158 19934 1A

™ - - -
7 ) .
A
S . 4
z N
x 10|
[:4
a5 -
P L )
U] - o
zZ s . ®: VvV, -5y
(o]
x WIGH CONDUCGTACE STATE Aiy, =6y
o« VwI —3aV
50 SEC LR A -7V
0 2 N L s
10° 16° 10°  10° 10 1
READING PULSE WIDTH [S2
(1)
)} LOW CONDUCTANCE STATE
2 3 * V=5V Ve = —aav
c
u Ay, —gy 50 SEC
z .
o 2 ®:Va=7vV
o«
2
O
a [ 1 a
o
Z 1f 1 »
a
¢
w
[’
P L ] L ] *
o Py b4 N " L .
10° 16* 10 107 10" 1
READING PULSE WIDTHLCSI]
(2)
Fig 7 Reading pulse width vs, reading

pulse current according to reading
pulse voltage,

(1) High conductance state

(2) Low conductance state

C-SNOSFET ©+¢] 4 ¢ F24-& 2+ T, &2he}
T @zt @34 AP S A7tstA V&S &
A7 Ay Aok 2z &L T, WA vl
2 H2 V= -34V. ty= 50secE <17bete L
Ae et nAxE FJEHe Ae dF
Ad Ve= 5V, 6V, 7VvE wstAlv)EA EE
HAxZ wizlo] i #% Axe 1d 79D
B gk Aol 2AE T, @A o T.d
Aol Ve= =34V, te= 50secE 27}sted “07 4
HE vt AAx Ao Axte ws od
A4S Ve= 5V, 6Y, 7VF' tﬂﬁ}*l’ﬂ‘ﬂ’ﬂ HAE
of i3l A= A e 1 79 (2)8 2t

el g R U ’FQV‘O] 5 Hgtol

18 I EY

Fes A% AF SR
°] 17]'& TE A=

A5

T. IEEME, Vol. 6, No. 1, 1993

- :
¢ 4=l

32

5 A &

Short channel B] 3 YAl SNOSFETE CMOS 1M
AATA (L, 2¢mn design rule) o] o)stod | =
Sl wh+d C-SNOSFET, k=4l SNOSFET o] #)

olf Aol 8 FHeAe 2AG A o
%—_ﬂ]— %‘1" d“—:*_g \:ME]',

I avkAe} 2ukat 2ol of olo A 72w
SAN T el 0T e e 29y sS4
55 stk

2. 49 2Ael %A 2ol A8 aA
M 7

= k7 dEAw wFgom o Fojxm @
%540 5kt
349 axte] oj#llo] FA4Y 2wa Az

o ol#eo] A HhH o] o]t AR 7}
ok, 7IEe] 7% olfo] st

21 24

‘HU

1. G Carlsltedt,et al,, “A Content Address-
able Memory Cell with MNOS Transistors”
[EEE J. sol, state cir., Vol, sc-8, 1973

2 S Koike, et al., “New Two-Terminal C-MNOS
Memory Cells", IEEE Trans, Elect, Dev, . Vol.
ED-23, pp. 1036-1041, 1976

3. K Uchiumi, et al,, “16K EEPROM keeps MNOS
in the running”, Elect., pp. 87-89, 1987

4 N Ajika, et al,, “A 5 Volt only 16 Mbit

Flash EEPROM Cell with a single Stacked

Gate Structure”, IEDM 90, PP, 115-118, 1990

K Yoshikawa, et al., “A Reliable Profiled

Lightly Doped Drain(LDD) Cell for High

Density Submicrometer EPROM's". IEEE

Trans. Elect; Dev, , Vol, 37, 1990

6. H Arima. et al., “A High Density Perform-
ance Cell for 4M Bit Full Feature Elec-
trically Erasable/Programmable Read Only
Memory" J. J. Appl. Phys. ., Vol. 30, pp. L334-L
337. 1991

7. S. Kitazawa, et al., ‘Low Detecling Bias
and It s Influence on Nonvolatile Memory

&)

Data Access”, IEICE Trans,, Vol E-74. P
885, 1991
8 AR, "Short Channel B34 SNOSFET

Nelayel Az B4
32, A 49 3%, 1991
{1992 69 13 35

2} 7} A 2} A 58



TERTHHER K3GE 6% 1R 1993%F 18

oY%

19478 649 1394197603 &
Fist AaEskat £9.1979
d AAE sty &4
1987 A #hst Az
B3t gAY 1976 (F)

K

1956 19€ 694, 1982 2€
B AAAE TS £ 19
86d 249 B AAARFIY
411992 2€ FE o ARA
B33 (FHh. 19938 dA &

FFAAZUNEG At W BAL AL 1988 A A& &}
A e HEE} s 2
e

il

1963\ 39 28U, 19873 B &
W dAAE TR £ 19899
T e A s B
42119939 AR Feu AxA
2383} uwhapay

A4

193919 949 2794, 1961d
3ol A4 Fe £ 1969
d AAD 2Ry £9. 19
69 A3t et B2 sta(
°1¥). 1993 dA B¢ A=}
WEegeta w

33 T. IEEME, Vol. 6, No. 1, 1993



