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Programming Characteristics of the Multi-bit Devices Based on SONO‘S
Structure
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Abstract

In this paper, the programming characteristics of the multi-bit devices based on SONOS structure
are investigated. Our devices have been fabricated by 035 m complementary metal-oxide-
semiconductor (CMOS) process with LOCOS isolation. In order to achieve the multi-bit operation per
cell, charges must be locally trapped in the nitride layer above the channel near the source-drain
junction. Programming method is selected by Channel Hot Electron (CHE) injection which is available
for localized trap in nitride film. To demonstrate CHE injection, substrate current (Isub) and one-shot
programming curve are investigated. The multi-bit operation which stores two-bit per cell is
investigated. Also, Hot Hole(HH) injection for fast erasing is used. The fabricated SONOS devices
have ultra-thinner gate dielectrics and then have lower programming voltage, simpler process and
better scalability compared to any other multi-bit storage Flash memory. Our programming
characteristics are shown to be the most promising for the multi-bit flash memory.

Key Words : Multi-bit, SONOS, CHE injection, Hot Hole injection, Reverse read scheme

LM E & BT, 2AE 1E AT FY WU A4S
< o s s el EE Q)= Ass =y &S wId
Fodgs uEF AAd FoE A7) Al W mzadg uEe] 2l A(reverse) W0 %

2t o] Wl x pARAAHe] = p=} 2 e - |
2 o) a;‘_‘_‘ii_ kY J;‘«] Al :/] 7]%0] & 8%tk o]2]3 SONOSE WE HE AxE g
7o alch WAl e w8 T Aol wel WEsL FRES @R LYHo| A

l"L e rlo

ey, AT HEZFFo|r|o FAHo] s
ch =g Acell) RAe] 23, =]l ¥l &(drain

o

HBe FAolEE (floating gate type) 2&7F FF/
1931 AA n}1HE A 2AYG A o2

.1.-9\1'\: %1'353"’]‘:]‘_[1_]- turn-on)el A& A ¢on WAy, WA B
Ho ol "™ 4 e HELE SONOS Ho| £43 FHE AAm QuH4]l 2z Hd
(polySilicon-Oxide-Nitride-Oxide-Silicon) TZ& Asure E8 Ad Huge R @7 gE
7120238 HE Y Equlti-bit) 227 B2 # o] 27 7]oga] BEHe £ s a2l Fa
ﬂ% Hroeq 31‘4[2—3] SONOSSB] uéE] B]E- _{‘\_Z]- 75‘]°§ x_];g.% {ﬂzﬂ-fi] _i‘ Zﬁ%ii ?]isl' Z,:X}—ﬂ
o] =z 1d& CHE(Channel Hot Electron) < Z2x9 T4 Asigtom <lF EE:I_%‘ A gt o]
Aty atn A7) ARSI SR A HE —E—?ﬂl’é"l A THB).
(AN @7 BA2E AFAHL 6-211, B oeRe zulg AoE §FHAHE KA
Fax @ 052-277-1538 SONOS 4£#a4g Az, AHY Z2adgy 5
Corresponding Author : joo@mail.uc.ac.kr) Mo Hgsr W uE Axe] Z2ad 4A

2003 649 249 H4, 2003¥ 7€ 159 13 HAIE R,

2003 79 249 #F dAes EAE A Ao

mn



J. of KIEEME(in Korean), Vol. 16, No. 9, September 2003.

2. &%} H =}

ME 2za= 7189 035 um

A2 g

SONOS® HE
CMOS &% 7|&g Abgste] Aztebsitt.

azte] B9 s, dwe dske, B 4
sheb A TEM AR 2929 %47 34 A,
73 A, MU Ao® EZASY 19 1 A%E 2

2 - =
o] dHEE EhUT
PR -,
.~ Bat2 Bitt -y
Blocking oxide ~p—p .
winde v o[BS UVUVEE VEE] )

Tumuel oxide —p s

p-sub

SONOSE 9E] HE 249 dWHE,
The cross section of the SONOS type
multi-bit device.

ag 1.
Fig. 1.

23 # n@

Y E 2xtol A CHE

sty {3t 71w 4
-4k ‘éli‘ﬂ‘:" (one-shot programming) &
ZAEah 2l AgE 15725 VA 05
2 RI7ISHAA], ACIE Hetd wE %
& ANRE 19 29 e =9
FHEAN  FE o] (impact
BAE 312 43 (hot hole)Eo] 7|3t
6], 2ol xi= wheh ol
=]l Mitel AALE V|# dFe FUsie 4

3
2| #3171

F(substrate current)

SONOS ¥

< ox 49 m1m
:iﬂ.] N ﬂl"o

o8 i

b

2
i
19 io

Lo

~0

1
ionization) &

AR HgE:

e a2 o]zt wAseE AL 4 4
Ak
U oz CHE 9 Al =l dHeA
A 32 sHEo] Fol di¥Ee e HAAhot
electron) 5 =9 d@xz vrlxn e Euie] o
wa 2o FUrh wAY ne W45 Wm
g B FYSeAE dolrs] 9w, Q-4 =

=43t 19 30 vepe.

zadd 54&

772

107

Substrate current |A|

Gate voltage |V]

SONOSE HE HE AA9 7|# A7
B4

The substrate current of the SNOS
type multi-bit device.

ag 2.

Fig. 2.

40x107 pr T T T T T T T

\
vvvvvvv - FICHON \NChon Feghim
3

[T 3N
[RRTH

3ox10™

20x10"

Drain current |A}

toxto?

D;'ain voltage |V|
SONOSE HE] HE 29| d-AF =
2o F4
The one-shot programming curve of
the SONOS type multi-bit device.

a9 3.

Fig. 3.

AF ASE 3 VE 24 FoAGE Ade
078 V7% 1 V ztE o3 2I7h3tdA =gl
off me =dd WRE AU

& vhsh gol EeQ) HMgte] o 35V oA
Wre mye FUHE AL #Hal

130 }“1 _‘x’_
e

s

A&
T Ak

HE17 vE27 HE BER B354 2
Aret7] 9late] el WS CHEIR A7
% HE2: X9 =(forward read) VI E, HELS
g 2(reverse read) #7152 FEHAY olFE %

Apsre] 2@ 0] e

N

PN



50 R 4
2, . : .
‘.\\0\ Nominal operating point
s %
o 5 O
© = 0. n
o0 o, C0ange
LY OGO, »
3 .. OOOOOOOQ.o. 00000
° e
> .,
= 40} .. E
= .,
°© .y
= ..
[ ..
e . Ses,
: 35 @ Foward read *oee b
—®O— Reverse read e
*tone
30 LL L L

o i 2 3

Drain voltage |V]

a3 4. ZEuled BEAg 9 947 3¢ 9
@ =dAdA.
Fig. 4. Threshold voltage of multi-bit of the cell

vs. the drain voltage for read operating.

P40 A Bz vpel o] HEvE FAKHOE F
g "El1Y FEAGH Ayt FUEHA G ¥
E29] BHAYL =& Hglol 3 VM 1V o
Aol zolE Helm 7] Wi HE HE &R
o] 28] e AE FAF F AUk o)A
HE] & HE} FAHoE EY HIJEAE
HEE  de = 1EE H715F AlY =4
¢l A9t nominal operating pointZ % gt}

el ME THE 9% HHY ¢y =Hd AY
I TP AL 2AE ZAHEY] 939 ¢ =
e ALE 0535V 74A 056 V HF o FE 17tE}
WA ZZ2ad Alzbe e =9 #u ¢
71¢) EE A abol(avihE 219 59 JelARIch

2.0 ™ T i3 il T T T

; Vd, read
= "'r ». e V=0 SV ]
\; @ Vi) SV
’.3 1o b i
&
H
SE
,E 05 | i
>
el
0o -
0 w* o 10" 107" " 10"
Programming time |s|
ag 5 97 MWzl g HWe ¥E T2
# EA.
Fig. 5. The programming characteristics of

multi-bit depending upon the reverse
read voltage.

773

A7) A XA & 83| =& 2], Vol. 16, No. 9, September 2003.

@5 A RiE upel ol TH=o A Y
7o BEAG Aok 1V ool B 2AL 9
7l Ede) WYL 2V ol Hojofetn, X2
AZHE 100ps A o Hdi7 HE AE d 7+ AN
b 9ol ARZRE T2y 23AE AJE 5V,
el 5V, 500 gl Al ¢7] =#l9) A 3
VE AR, W MEY ZzaY B3 54
2% 6ol vhERASI T,

- e D o//f |

E: s - 4 P 4 Cha - » /A o

E&Au- /H 4

2; Ny [ A / i

f e .

ﬁ ol —O—Bitk] reverseread v < v’/_,“_/ﬁ """

O O e g @7 "" ]
—~@— Bité| Forward read

10" 10" 10" '

Programming time [s]

a3 6. HE wES TP EA
Fig. 6. The programming characteristics of
multi-bit.

U2 Aol EEHAJS A HHY 7IE A<
3VE 13% el =wQl 49 A Azt
E D AR F90E & g A2 FHE DS
z2ad A7 EA 2= dWa gz E=
2 Azl wE FEHAYY oL 2AEY
ooME 19 ZRIY 54 229 JBe H
A, Alelest =ele 5 VE Arksted A4E A

>
(A

AES =9 M 2wy ONOZoz 9
A3, 5V g 58 "l 500 pso wE =
23y £XE ddvh 549 HE 29 rxEE
(disturb)& ZA3 23 B2 Tz ad Ade
A By} Syt oyl Ajzhe] ZojFS4E
tae By} s E AEE Bt olE AFtel
dojAel wat F9dd WAl AFAY, FAH
2 F9d Ay 2Ho g AE E(redistribution)
3l7) Moz Azdc welr ¥E 19 ZEo
W OAIZEE 500 ps ol3tE AA Hojok drh o714
YaeE 232 MYz e Ao FE <ol
01 V ol &8s WaE AHedoH7l HE 2
o] a9 EAML HE 1§ IA2¥OF T
A A el =l JHe HA, ACEs
10 V, VE Qi17}38l] A2 gPow L

=
el



J. of KIEEME(in Korean), Vol. 16. No. 9, September 2003.

LR Aol mE FEHAY o]F g axst =4
el AEE vkl 971 St 1¥
A Eiz vheh o] MIE 2% WIE 19 sjdHow

ZZ2aHEE AR Kol HE BE 222A
ol Hi= e 9l & & AUt

g 9% 274 4% 94§ FEAGS
S e Ry e

Ao 9 7

of YEt T
T T T T
PRy N o @ Bit#2 forward rend 4
> e B @ e g ® S
A N
& ‘°r 7 =0 Bits2 reverse read B
= ., .
El
- . -0 ‘\" O Qe G B e,
- - [ S S
I ERER “d
<
r]
@ - e
E - EERIE A
= ol “ . AP
L L
[N 10° o' 1
Programming time |s|
o = o] A E x
ad 7. dy HES A EA,

Fig. 7. The erase characteristics of multi-bit.
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