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Investigation for Multi-bit per Cell on the CSL-NOR Type
SONQOS Flash Memories
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Abstract

NOR type flash 32 x 32 array are fabricated by using the typical 0.35 ym CMOS process. The
structure of array is the NOR type with common source line. In this paper, optimized program and
erase voltage conditions are presented to realize multi-bit per cell at the CSL-NOR array. These are
considered selectivity of selected bit and disturbances of unselected bits. Retention characteristics of

locally trapped-charges

in the nitride layer are investigated. The lateral diffusion and vertical

detrapping to the tunneling oxide of locally trapped charges as a function of retention time are
investigated by using the charge pumping method. The results are directly shown by change of the

trapped-charges quantities.

Key Words :

.M E

A ZaA vlRel AlFe] iR
E & (floating gate type) &7 FHZ
Ak nAE 43 2AdG L @
Ay Adeldi] #Hit ol&
52 SONOS (polySilicon-Oxide-Nitride-Oxide-
Silicon) F#&& 7[R &= HEHHE £x71
B BdE Row 23] SONOSE HEHIE
Ao mZ1#e CHE(Channel Hot Electron)
FU4e AR, A7e HEY Wyelv WmE 4
AE Y& 12 ’4* 4 B e ARRS
017]% B e ) T}, o) 2§
HAHo] 3, =3

reverse) o w 3
¢l ¥l 2(drain turn—on)ol dA etz gow ujEkA}

o q
ETERN
}ﬂ)‘d
o

N 1,m r',o
[
2 RO

ol ol

A d £ U 8

I

L= 5].

SONOSE 719 A&xbiz Alcell)

1 SMEE MIIMASAUER S SBTS
SLA "HT £ 28 & 29)

2. Zedstn MAMEIeta

3. KIZlF,Al.O-l EH o!»‘l K—ix].:'_’o‘l-jl,l.

a. Corresponding Author : joo @ mail.uc.ac.kr
YR 2004. 10. 18

1AF A £ 2005, 1. 17

AlAlelE @ 2005. 2. 3

193

SONQOS, NOR type flash memory, Common source line, Multi-bit, Charge pumping method

A, Qg BEAdo] 48 FAE Az 4]
a8y HEHE B42 e N2 T ANLe
P8R & gAaHeRr A MY FH AEE
619 AaNgwAR A BALE AT 9ok

2 eidMes JAdEE 4 FAAANI 4
o] CSL(Common Source Line)-NORZ Z &4

dolg 29
A g
nEEE

Aol HA7E& 7Fxl SONOS
AzFsdtr. CSL-NORE Z#)

HEHER F3kA)7]7] A3t ]
g oixegls EAL nEd HH o
Z2aW 2 2A AY 24E Fden A
of ZAh¥oz EURY a9

=
i

e
=

EE R EE)

ﬂlmiﬁ*%ﬂﬁir_&lwi-‘%‘i.

Aetaith EF sk BB AW SHlelE AHEs
of FrAeR FUd dste Azte] mE 9
A B AR Lo 29 ElEEHjJ Xé 1
$8 Adstyel Wz zAlstd Adsde AT
At
2. &4 H
2.1 AL =

FTE A222(CSL: common-source-line) & Z+&



J. of KIEEME(in Korean), Vol. 18, No. 3, March 2005.

NORE Z#A] 32 x 32 delolE &4 035 /m
CMOS FAHE ol&sto] A4 zZgde
LDD ?Zi AL TE LS E}OL% e 2
9 2% SAS(Self Align Source) THOoE FA 3}
ol DDD &% ZEE Yk W% A9 =
Hele 4 Fxe gAY HEguE 548 9
g A7H gAAAE FEIgstd FYg dE
A @ F AEE AAGAT

A E SONOS 4 o 729 Az oy

Topoxide

WVI Nitride

Botlomoxide

l TAUTTIN l\ /I T/AVUTI/TIN I

vuv
Y

(b)
a3 1. dERE SONOS (a) & 94, (b) 3%
292 HAE ZE P2x32 0131] o] TEM
&7 A
Fig. 1. Cross-sectional view (a) and TEM

image of 32 x 32 array with CSL (b)
of the multi-bit SONOS cell.

194

°l¢f TEM HHEHE

g 19 Yepien
SONOS 7192%e #-A% FAE gd=y 43
(Bottom oxide), 3% (Nitride), &2 Atg}qt
(Top oxide)o] Ztzh 34 A, 73 A, 34 Aot

f“x

3. 28 &
3.1 zxe S dMetxA
CSL-NOR® SONOS Z#4) vixelg ey
ER FHA7NI Aol HAH T AY
ZAbshITh AMRE 32 x 32 oldlold A A2 A
oje} Z2 747y 05 mst 06 molvh I1¥ 2%
HeulE 2239 AYg EAoln. ¥F WES ¢
8 odge oA A 7E A9 3 VE Y
Aol A HE H(EHd d)g Azt mE Fd
EQS mYe 7]; ZANE g HE
HlE 2Axs 9
L EZRIOPHEGE
2oz 71w HA
A 35 Va SEoH7l.
219 17&01 500 ps ol’del =¥
Lo

nEs

L Hn 7

O

i
o
> 42

=3
%,
i

|E. 1¢] =
HE 1& T4
obzlth oju) w

o BYALE vnAsE
(=) o]

JE 200 E 19 w2z ¢V 54
ez gl B E
HojZd wa EY

Zx:_

B =
Aee] BEI FhHA ¥R A2 49
i o

~—

o i .

- o)
45 1

AR fovannd nad - /
EY A : y " a

Py
=]
1

S B revenw wad

35F.

—O— Bit#] reverse read

e

30F N

Threshold voltage [V]

o—0 Ol g

—o— Bit#] Forward read

i i ial
10° 10* 10! 10

Programming time [s]

it .

3

. SONOS 7]

=
54,

daxie] HHHE 2z

. Multi-bit program characteristics of unit
SONOS memory devices.



upgba 29 NZEE 500 us o8kt 3 A
o2 RAr} o] FElelA HE 24 AJgte]l et
L@ 9 HE 29 Elb‘i*_ °‘/ll‘— HE |
o ¥ Hyie 2 AH9E
.U_E4 ;qo‘-o] H]IE 19,] 500 us
A3l it wolR
FEla QR nE 1o g 3
&8 RoFEy S ox R
AMEew ey & £ i
27 gugown A™H 15
Bl ARRA F4 TEo sheshE: a9l
AATE ArIA BE 29 xgr@ A7lo] HE
Hoh A v lizdl o)ir A%
Q.2-9p rigRle] AV Ho R EH’"EJ-" K
HAehe A AABIIEA R AA

s isl— ‘.i_
292 % G g

F LTI} OE

11 —

DA
A ZE J ek, Wit hot electron Ao
oA | Azlo g Qg Aojolrt o F
g gleked ofele) seg m=HAL U
Sz Azhele 2AL A AEo

boo
o
™

11 38 HENE A2A AYG HAe)Th W A&
A Yato] AT Yot hole injection)
Hg Adsrd. g e HA ued s
zgelel <7kEi: A 2@S 8 VN AE4
o}, % wlEel FE Agg xziidl Atejel 7)
= W APl 425 VE S el WA

HIED 288 7@ U Ve 1§ 47 NP 2

drsh g 71 A7 Aol GE A
o] o5& ZALBIATH
T T T T T
45 L _/v & Bit#2 forward read B
MMOWOMOMWH ArasPrasssigratioey
% 4'0" 7o BiL#Zrcvcmrez‘xd Bit2ell AV
g’ A
0k _sO .o
E o - R o o
] as| N
2 Bit12] AVy
g -
50k N 4
Atand o a e y —_ L 1
10 10 10 10"
Programming time [s]

O 3. SONOS 719 axpe] WHEm|E 42 §5A4,
Fig. 3. Multi bit erase characteristics of unit
SONOS memory devices.

195

A7) A A =

AR Adzde =gl
o, AlolEd= -3 VE
o] e start.
500 psollA HIE 1&
V AR aAHE w2 A
HE el A7 Fe] Ho

Al 7ko]

o,

432,

a9 3011/‘1

Z wZoltt.

turh) @Aro] A7|A ¢olor dvk 1Y 4=

Foll A

AHERE o dlo)

183 33, 200541 3¢

CV\FJ B (dis-
oA

[QREN

FEo A AT £ s

BE HaEEsg BASAT
ME (=9 9o Zzaw A w5 gl

o,

E =Y fxgHE
(M Egtel)g
=39l E]AE]B
(d=ekehg

2 2y A
st7] & ] i%
A #Hreh
-
7HE T

T U=

n P_

E
aqr

LAY I

A Aojth

4 A¥E
/H] Bi=
59 Gres sy

2 Eogl vE 2 %
2(HE 24tz 5 V7 <l

>}L

el

w= A
i (=

Az =7y
58 Yud
AelE A Aole

4g dEw

i) ﬁi[o

k7
I

g

7=

)

ZE2

o] 429~ ElAEH

. CSL-NOR# 939

Communsemveline

2= o)1=

A] )gzl/‘g é‘;} T RiC

as the
by multi-bit.

olfl A HEWE

57
ZZY C2AEHA

. Program disturb mechanisms can occur
CSL-NOR array is

operated



J. of KIEEME(in Korean), Vol. 18, No. 3, March 2005.

]
eapiton

®

Threshold voltage (V)
PR

k2 0 0 10 I3 w

o w0 1w w 10" 10°
Number of pz(?gram cycles Number of ;ircggram cycles
a. b

e fom g T e
R 4

Threshold voltage (V)
Threshowd voltage ¥

FL e e SHURS Y S VY

10

b - o - pd 1 W 3 w

Number of [?ro)gram cycles
a.

ZR A QR S
(@) =29 Apol=
B z ) 2H
B2 4 A (b =¥ Afol= t2EHE A
B, (¢) 222 Atoj= TiAHE 4 B, (d)
292 Aol= YAHE A C,
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Table 1. The voltage conditions of program and
erase.

Bit 1. Program SC® |D™-A| D-B jUC”
Word Line{Gate) 5 0 5 0
Bit Line(Drain) 5 5 0 0
Source Line(Source) | 0 0 0 0
Bit2 Program SC ID-A!/D-B|D-C1UC
Word Line(Gate) 5 0 5 0 0
Bit Line(Source) 0 0 5 5 5
Source Line(Drain) 5 5 5 5 0
Erase Bit 1 Bit2
Word Line(Gate) -3 -3
Bit Line(Drain) 8 0
Source Line(Source) 0 8
*SC: Selected Cell, **UC: Unselected Cell, #*xD:
Disturb
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