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The Charge Injection Characteristics of Nonvolatile MNOS Menory Devices
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ZNYEHe] XA M3 AdYEZo 29 ¥ B (back tunneling) &2 Q13 = 7|74 (short
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Abstract

This paper is measured charge injection and retention characteristics affecting to
nonvolatile memory mechanisms by fabricating automatic AVy; measurement system and
MNCS structures which are deposited differently silicon nitride(SisNs) of 530A and
1000 A each by LPCVD method after growing very thin oxide of 23A and, for charge
inject ion measurement, applied single pulse amplitude at initial flatband voltage 0+
10mV and within pulse width 100ms and, for charge retention characteristics, measured
at after trapping charge to memory trap at Ves bias and OV to 10*sec,

It is concluded that drived charge injection equation using tunnel probability on
oxide field is good agreement with experimental value and able to evaluate directly
memory trap density and attempt to escape frequency at the same time and also shown,
for trapped charge in the memory trap short term decay large due to back tunneling to
silicon, initial decay rate of trapped charge is appeared lower at Vy; bias than OV and
charge retention characteristics are dominantly dependent on memory trap density than
silicon nitride thickness and can lower write-in voltage by reduction of silicon
nitride thickness,

* o NAEYY AR
o Feddn ARARIT RS
#EZAF:1992% 117 308

152



LA &

HZ AFEH] BRI i de o]&H
I Qe MEA vgaRe 143, dHEFs
o AAYSE] g olHE ZA Yo, 7]
g zte] 32 AHQ WAelmz HY Hol
Aoz AVHE AL 7S FEI}
A248= {4 71eaA (volatile memory
device) o]t} o]a1d wrxA 7gAaze Fd
8 AYe sdsty] A% v BvA 7
Axaztzs HYFYH (tunnel injection
type ) ¢} MNOS(Metal Nitride Oxide Semicon-
ductor) #Z¢ dEaAXFYE (avalanche
injection type) ¢} FAMOS(Floating-gate Ava-
lanche injection MOS) T+ZEFo] AL o] A
B2 oAg3 Hach MNOS7|g4AE FAMOSA
o] vlale] Ar1Hog 7%, &A 2 14%
1bite] 71daz FAgo] 7Hed, =3 st
o} Agte] 3 Jg= ¥imAH v g
B A 7AaRz A e &l TdE &
Aol AZHx Utk -2 MNOSaAE 2% H
Auto g HolYE 45 TEE AEE Astg(
SiaNg) Z3A] wrgrbxel K3, SIS
o o2AE (N/Si) ol et NGBl IA W
stm, 10°8) ol4kel A 71E (rewrite) Aol &
AEE 7128 A EA (charge retention) ol &
a7t ae AFAAL ALY D aHE
2 aAtel Tx, SiNte FHREAR A2
ZAHZ JfMMo] AJH o] MONOS (Metal
Oxide Nitride Oxide Semiconductor) 73} 3
= Si,N,ute] MNOST 27} AMes L vk 2 Y
v MONOSTH 2+ SiaNy =g oA e 4
A3 AAok = TR F712 destH. 3
2 SiN,2tel MNOSTZoNAMeE A2 (0.5~
1000) 2 2ad oz 3A WAL sk &
A o ok AB7A MNSAA AFA F2A
o] Arsbuta) SigN, o] FAG FRHA T
Few, F@uE A AN AE A 7
A aztoe &80 W F2 AFHNG. 2L
21 Arstete] T 9 SisN,gte) FALE, F
Zul2 dAsA FAsT SioN e FAT
2 WA AL Age HFHLY A5
nxE g M e Bud v o

B =2dqAe @9 71949 FHa(scaling
dOWTl)'g‘ ‘?’]3“ SiaN‘,‘é‘_}.‘i] “_T;‘”“% %E]iﬂ- MNOS
AAE AR, Aste Azl HIFEES
=93 Egwi=Aqbwst (flatband voltage
shift:A Vi) ol o282 & fE3te A3
=40 AFHA HALHS AASGHAT. 2
A A4 ART AF A VeeFAE ANE"EE
olg 3t YA FART (Ve=Ves. V=0V
Yol B} 719 §AEAHL vlx, 1A

153

REARIHHBE RXIE 6% 28 1993% 31
2. AAFYYolE

7197153 4AZ AAE Zn Ue At
Z 8 =4]9] B3 (charge centroid)¥ o€}
2 29 o] FAHT A FAZ oY
2, F7rE el EEoE & AHIHA KIxn
Ak ARFEQ ]24L FEavIAsE AR
Eﬁt_ﬂ‘ Eg%‘ﬂﬂ‘ %‘71’319-§ Si02_Si3N4ﬂ]€
o iR e FAsA XT3, HzA
9] Fge HIE A= FE Aswtg
A 5149 (direct tunneling) 8td Z1YEH(
memory trap) o]l E¥RTL iR 282
2zt SA7F R SisNed HF ()
B Ag AF (Jox) ol I3t wlg FHong
At ojm 1y 13 o] () e Aol
E At (Vo) & A7 aeE A AR
Jox® T34 2ol YEbE F Ut}

dQ 1) dfTe(t)
Jox= _zzl_quT - = gNr{l-frec,
yiNcg1fse 8 1VenPox (1)
AA71A, Qv Z1IYEHRY sk, Ny 7

deddy, 5, THIHEF V0 AZ
d&x, N 28E A=de Fa4HER,
fo.: AAFE Axdlo AR AFEE, fr.:7]
dePe] M HFHFE. Pox: A3t B
&,

HAZEQo] Aot AolE HPgdA EHE
she dAle] gRES HEnEs olsolnz
deE Axde A4 YHSE ,~12 713
s 2 (1) g3 go] 2P

Jox =~ qNTNC(E)VthaTll_fTe(t)EPOX 2

HHE AEdE B s9ERoge] A7
o] Atztut BJUSFE Poxt WKBIZAS' & A&
st} F3td

4" zmox'q AOX
Pox = expl — (@ ,-Vox) *'?
ox
-$.% %] (3
4/2m,,” d v
:exp[_iq_oiq)lale(l_ﬂ)a/z
Vox ®,

-1 @
o] At} A7lA, m." : ASE W Az
_[O.ri;‘s__]%t( 20.4211109)), h o h/27m, dox ! A}
lutel B Vox @ AbSPE HHAsl, o,
Ashatel Tl AAY o] i AR H3jEF
21 (4) o] 83 (1-Vox/ @) * S Maclaurin
F42 AN 2238 7R AR tEH
Zo} 7teFsl #Axd

Hl$EEA MOSA| A ARbe] AU 54



T. |EBE, VOL. 6,NO. 2 1993,

— ds ———da—i

+ METAL~— Sj 3N —+— 510 —— Si(n) —i
2 1 %9 AolE A AsHA) oA ME
tholob 1P HatFHA
Fig 1 Energy band diagram and charge
injection process under positive

bias,

2d0X/2mox'qq)1 doxz
Pox=expl{- ——— }expi
h 2h

/ /T
/ (‘on)} (5)
o,
2 (5) & 2(2) o YA
dfTe(t)
dat = [1-fracsr} vexpl @ (-Eox) | (6)
2 "t
oA71A v= Neg\ Vw81 expi-2dox
“/Zmux'QQI/‘h (7)

a= dox®/2m.,"q®, /2h (8)
Aole HAYQ7IA BteA FAHSN Ve
223 wxAe dFF o, Vool ¥l
o v #7] GE FAE & Ak od
sspur A7 Byt 2@ A AA Exd
T3d Vo + dnQx
g Vet df ©

dox€N+dN50x

B, - - € och + donN (10)
dox €y + dN € ox
2 "o 97A, deAHE A £A
€ox  AbBEre] RAE, €, QT AT
9 AL
283 AoE Mg d7kE X7l ERWRE

At VigoB VR £ ALole ol FA
Hm, ol A Vep= - (dy/€ Qo] HEE
2(9), (10)-& &3 Zo] ZAHRLE HEEY
F A,

€ v (Vo=AaVg)
Eox2 - —— (an

dox €n + dx € 0x

€ oxVo~(dox € v/dn) AVEs

dox € n + dy € ox

2 (©9E A6 gzt Helstd

dfrec o Ve
={1-frecr | vexpl— -

dt B

YNefreooo | (13)
o} gt}

7|, &= eydox * €oxdn (14)
Y=a dyw/é¢ (15
B= &/acey (16)

Agtelt AV A t=0 ANAM frecer=frecor.
7@.?:]'?17]' %i/‘] t=tp°ﬂ*‘1 frocor=frecte
7} HEE 2 (13) & HEIHA

J-f're(tp) expf YN, (t) frecey)
fTolol l_fTa(tl

dfTe( t)

te Ve
= Io v exp(—)dt a7
8

A7 9 FEGAA {1, eSS0 =
lolB2Z2
1

H"fre( n}

2 ¥E 5 Utk A8 A7 At
o 9
exp( {1#/Nrifrots, J-exp({1+/Nrifra00))

= expifrecol v (18)

1+7NT

= vieexp(Ve/B) (19)
2 39, Quir= ~Wrfroiey & BAAE ]
g5 A9 NN ERVEAY Ve 73
i)

Vep= ~(Qui ) /Ch) - Qs+ /C1)+ @

={gNr/ (1+7N:) Cy} In(1+7Nr) v trexp(Vo/
B)+expl (1#7N1) fra00) 1 )-Qss1/Cr+ s
(20)
o |k d71A,
G AE A 83,
Co @ HA% ¥498%

154



Qss i E AWM= e ol 4 o] Si-Si0, AW
A&},
t=0 ol A Vip=Vip E}- sl
Ve (@Nrfrei0,/C0)—Qss /C)+@ .,
(21)
2 "} oepa A7t BAAG (V) F HaF
{te)oll cH3t EAM=Hte] HalF(AVey) S

9]
o33 2o A +# Ut

aNy
AVeg= ———1Inf (1+N;) vt exp(Ve/
B)+ exp(1+rNg) fro 0y 1~
aNrfre( 0 /Cn (22)
3. AUy

3-1. 229 AR

B dgdAe A-WE000), ¥AHI 5-8
Q-cn?l Ng A& dolHE Argsidnh A
3 BHdg atspule A2 Ashgo g 8007 ol

A 3.83A/m2e] vl &2 AFAATY, Absiurel

A 2HLEL AF AYAVH (Gaertner
scientfic Co.,L116B) & Al&3te &AL,
FAE 3 dolve 3™l 224, 23A,23A
oo, ZHEL 1.46°1Uth 1 ¢l LPC
VD ¥HES ol &3led 793T oA ¢E Lok (NHs)
T 22 Aol Al (SiHLCl,) o ¥hg-7h fr 3]
4 1:124 27-30A/ming] Z3&=2 SiN,I&
530A (#53 2A), 1000A (#10 &=} 9} FA=
24zt ZR3tQth 1YL AlolE A5 29
Hgydog A7 1me 9% EF 0% (1%5i
0.5%Cu) .2 FAAZ ¥, DIPE 7ol A] o
Agygoz AZHh MOShAe] Tz
ARG e 19 29 Zoh

3-2. %4

MNOS ZAbe Atster FA7} vl o] W&
of 7129 C-VEAHE ol &3l A7bAtel
o AV g EHste A 2QAGe a7
gt o) o8 Hste] F4I,¥E Ee "
shjjol A Ffelele] olFor FFM=HGEV
rp) 0] WBEHA Hol 2ate] HAYL a¥, &
Hated B Ao Basith = AR
EYAste FARAAAN FHe A RA
EAE EAsY) g @A g YA
v 2y AsF fFste AGE Hol FH
Zol &4 274 £3F¢ ZTRNU= 83 (Cre)
o A8 F UEE AE H}E Aojdy
AV E EART £ Jow, TP AL
A o RHENE RoldA FHE -
Qe A ART AF AVeFY AP
o] &3 ATt

155

THRETHHPE R0 64 25 19934 38

STARTING MATERIAL
N-TYPE,5~8(lcm

DRY OXIDATION

Al DEPOSITION
Al

é niaNe
sion
.}
u

TESTING

1% 2 MNOSARMY 2 2 A FRAA
Fig. 2 Process sequence and cross section
of MNOS fabrication,

55 8]

Lo | -—| e i

393 A% AVEY N2 294

Fig. 3 Block diagram of automatic AV:p
measurement system,

g 38 ARG 2 AN2HE HFHE
Ueld Ao g, 32T MNOSazte] &3
32 axd ZIde IFAGY WA
2317] 9 Vi @EB 2 2R A7bske
BAEy HaAge AAste, FAAG
INe 2R 2o AFHer 2943F F
= #= ddel (reed relay) & W @<
B es pAsdY olFA T
2R N2 2AFe e FAHEF
50~500PFe] Mol A 2%l WGt  H3F

vl A WNOS7 A &S] AsFYEA



T. IEDE, VOL. 6,NO. 2 1993,

4 %2 VNYgRAEY SHA FAHAAHY A
% (feed back) =S XS of fA]Z] AFefeA] =

Aqaatol] Cesoll 43E EE §F& HE3a,

ACH ¥ (buffer) o IF EFHYE 20nV,.,,
DCH el 2FAYL V7 52 4z =A
33 EE £ZL AAST SHEA DUT(
device under testing) & H&A|ZIt) HAA
o A 27 ZERWMEAY VigoE 0VE 10D
Vola =38 & EdA L9312 HAAH
H2AE Avtsted AV E EF3T 2
i Q7 B2aAge 3t Veg o) AR
e ZHEAGL AlEd 334 Viprl A7E
FEjell A EZA3E VepAI9 AolES 4
Z718%E FAY(E ) AHAA &A= oV
FAQD 27HA el A 2+ 10%sect A 2 A
At

4 A3 9 2%
4-1. AAFYEA

A 2-AA B A (7), (15), (16)9 z
BGulElE F2AYTY BAZd gdh AV,
B34 A¥AZ HE Aste 4 (20) o
st dojd o]EX9 AP E v¥lw3to
29 4,59 At 28 £ At A}
48 2099 3EEE 29 63 2}

T1E 4o X8} o] o]gx9 AYPAE <}
H2HYgo] ¥ BAE |(ns olstor] 2 g
Hagou, B HAAYH BArZo] 71 o
X dEee] Holr} vlasA 2718
S B 7 A olAL AV9l olByg &
ded 438 7HHo A9 o] Si N2 HAH
In& AT AR Joxdl vstd wWje o
B2 3R vl mEoln AT A
oM #10 &Y A Qs WA AL 50
Vol A x3sitt Zagte Ae =o oy
ZAgor SiN,Ze] AHANAZ LI 278t
7] W&olth, 233 Y 59 FAZ) gst
AVipFAdol A B2aZo) o ddoa olg
Aot AP 7} XA = Ae gre
AstebR R TR HAo Brds 9§ EH
UARE Vepo M35 doji}r] gRros &
Mo, 1o

¥ 1& AgHd s Ad HerEY
groz Az g TYE L= (N) = Sis
N2 S5 gbe #53 AAZF FAE #10
224 B2k oF 0,18 x 10'fm % Beow, ol
Wzl 9§ SipN B o] At WEe
2 7% KapoorE 'V ol Al 2L ord-
erd] gkoldoh zEx A (7)eA F4F o]
g% 4 (attempt to escape frequency: v)&
X 14 B F AFo] #53, #10 &AM Z

10
t, : 100ms
at R.T.
4,m,0: Experiment A
8- : Theory ® 10ms
&
k=
S o ° ims
3}
2
E_.
S o
2
<
i
) | 1l S § 1
[¢] 5 10 15 20 25 30 35
PULSE AMPLITUDE(V)
(a) #532=}
15
100=s
at R.T.
i, 4,0: Experiment 10s
— 1ms
&
EoL
&
23]
2
—
3
=
<
=
D P l
0 " 30 40 50 60 70
PULSE AMPLITUDE(V)
(b) #102= =}

1% 4 Veo 3 AV B o] o] A
9] v (#53, #1044

Fig. 4 Characteristics of the V, versus
AVep comparison between experi-
mental and theoretical values.
(#53, #10 device)

Z+ 9 58 x 10"®sec!, 1,61 x 10 '*sec™* o3
o, webA 7} B2Age] i AV B4
oA SiN,g AFE FAE 5 s AL
SiaN, % FAo] @AQlol ¥ 4 dgo = 7]
AePdc 9 o|2HAEFE XY & U S
<4 £ ARG

156



10
at R.T. Yo 2 30V
a,® o: Experiment a
: Theory o 269

o
T

20v

»
L

FLATBAND VOLTAGE SHIFT(V)
1

‘:6" 10° 10! 10° 10 10t
PULSE WIDTH(ms)
(a) #5322}
E\/ i 50v
k.,
(I:l:) 46V
8.
]
=)
-~ s 40v
€.
=
ol FESTIT RS OR T IR E T ST
107 109 10’ 10 w0? 10"
PULSE WIDTH(ms)
(b)Y #1022}
I 5 teoll UE AV EA ol& X9 A

A9 wla (453, #1042})

Fig. 5 Characteristics of the ts versus
AVyy comparison between experi-
mental and theoretical values,
(#53, #10 device)

18 7L A 2WAM f=E BHUYE A5
ol 278 A4+g digdstd Algns ) dox
€ BUIEZE s Ad Azle] Asiu Hy
Ao g BUBE PoyE Uty Aotk 1
dollXel go) Bdgge Asiur AA7 A
Hell ot Aoz Zriepn meo A+3}at
HAANM B e Asjst A A o)A Abs}at
ol FA JFHo| A el olme 2t
et £A7 RAL & 2 By £ 0]
A7 2 AYEZ0 2 o] FE WY (back
tunneling) 2 Q13 T YA el Hago]
lAA Hol NJfABEH o= &3t =
< 715 2 2AdGl oYL ou)

2H 8& H2AY A7A  Si0,-Si N, A
8 ZIYEQ) XHY 27 Ao B A

AFAEYE 24 98 27 =qued

157

ERTTHHEE B0 6% 20 19934 3R

186 AVHEA A4S 99 8
Fig. 6 Flow chart for the analysis of
AVey characteristics,

E 1 A¥A=Z A48 denyg
Table 1 Parameters calculated by the
experimental values,

Paraseter #53(d,=530 3 ) #10(d,=1000 ; )
Fr{x 101em-2) 2.01 1.82
v { sec )-1 9.58 x 10-9 1.61 x 10-1¢
8(V) 9.12  10-1 1.08
7 ¥4 .16 437
7 {x 10-1emz) 1.57 2.79
10°
dy : 10004 .
cox: 3.9 doy :‘ 1A
en ¢ 6.35 . 22A
. ¢ 3A
SALN et
S F
= F . LI
2 e
g LT
g -
§10'7_— * L] .
F - s a
- ° .
= 4
a
1074 ) | S| I i L
0 4 8 12 16

OXIDE FIELD [x108V/m]

397w A0 @ quss
Fig. 7 Tunnel probability versus oxide
field
& VesoZ OVAlA 5V7HR] 1VHA o2 HAs)

uF A MNOSTI o 4o} ARFUSH



T. |EDfE, VOL. 6, NO. 2 1993,

8

FLATBAND VOLTAGE SHIFT(V]

l {
o 20 25 30 as
PULSE AMPLITUDE(V)

(a) #5347

at R.T.
tp, :10ms
Vego ¢

: OV

FLATBAND VOLTAGE SHIFT(V)

o} 30 40 50 60

PULSE AMPLITUDE(V)
(b) #1022}

a9 8 V] ER=W=Agdd g3 AF
FEA (#53, #1023

Fig 8 Characteristics of the electron
injection versus initial flat-
band voltage, (#53, #10 device)

3, BAE (0nso A B2ASG A7t wE S

Pz Aol HMIE A3 el ol
SisN,are] =7 ke #53 Axle SHES

oA A7p BaHgro] F7ete] M}t AVep

MMz FASA FrheE, WaAY
o B AV 71&7lE #1027 BT 2

vEbstth gk SigNy=ol AL #1027kl
A BAAG 48V7R AV AYFHe =
Z7bsttk x3ldle AEgE B 5 ey, ®
3lelr] A Fsle BAAYJRLE Vigod A7
w2 g 50Vl A E83IH Vipgo st 55
AVepd] g Ak oloke] Z3EY
& QA7F BAART A7FAIT 2 A JE3)
At ZIHER HHH 27| MR F
#stpew, SiN.ge FA7 g2 2zpEo]
AL AR Hl 16VEE 2e HAAHG A
AHAAZE FUE AT 2 2R SigN e 74
& ZaA712824 714U (write-in volta-
ge) & AHY}AY £ J&E ¢ F AUk

aga, # 22 (11, (12) o g8 A=
HAAG AZFA] Arstel AA 9 delE Fst
% AAE YEld FHolth

¥ 2 E2AY Qrtel gE 2siuty A
22 Aste A4

Table 2 Oxide and silicon nitride
electric field by applied
pulse amplitude,

4 53 device # 10 device
:;;" Vp = 30V (t, = 10us) Vp = 60V (t, =100w3)
Eox( x108 ¥/m) | By{ x108 v/m} Eox{ x108 ¥/m) | Ey{ x108 ¥/m)

[ e 2.85 6.57 4,86
1 .53 2.85 6.55 4.9
2 s 2.8 6.48 4.86
3 3.43 2.85 6.45 4.87
4 3.37 2.8 6.35 4.87
5 3.31 2.8 6.33 4.88

H 294 B 4 UKol #53 A% A A
et HAZE deE Asty AR Bu an,
Veso7} 718 = A& A AA= o
37 flem g Qrt BAAt wel AVe
A¥dog F718e 2y 294 #1047
AME Veno?t S4F A3l AAe plis
A Zad Al Aste AA= F3Ho
2 F7hede. adeg Asd A4 B2y
A dslg AA = Ao| A "o
AVese E3EAEE ¢ 5+ U

I8 9% 19 8(a) #5342t9) HA A
W AV E plotd Aoz HAAGL AR
A FAFADLED Visort AZA T} AV,
T AdHoE AAIET IYT VipoB W
A A B2AYe PF  AV,EHE
?‘VEF}B%*J% A8 o= shiftde ¢ &

42 71d%AE4
MNOS 719 4zte Rz RE A AQgg P
H 810l 7189 ARE FAL A4 2= 9

A

= YAy 548 geE 9t 29 102
158



10
a8
= .
E »
- b .
gl
& . v, : 30V
o ° P
2 . .
94_ 4 o
E ) ¢ . s 28V
3 a
Ez-—- 4 « 269
4
¢ . 24V
1 l 1 L |
o 1 2 3 4 5 6

INITIAL FLATBAND VOLTAGE [V]

29 9 "agd @E 7] SEW=AY
W 3le) 71 7] (#5347

Fig. 9 The slope of AVrg versus Vo With
pulse amplitude, (#53 device)

YA A2 BE A JRASAHE
BEets]) A8 BAE (omsold BAHLE
Az 28V (#5347}, 48V(#104Ah & Q7}3hd
27] SRV AY Vep, o) AR T wE
WIHE Veoot OV HXQ AHolN AR 2
%5 viasta WEEE Yedgold ol
10%sec o1FE AHHQ FHol oWy YR
o 10%secolHe] 721 & (Ven/alog 1) & ©1 &
e L

!

P

2ol M9} o] NARATAE Azke] A
gol wat dsgrdos Fasided, o

23 HYUdAA 71&71e ¥H3dE JedE
B3 ¥IE (break point) '’ & #ZHA &
gk 2da ZF | oste] AkE HAF
d 2F 10%secdAAS W £HHAS &
A& 10secF 2 27 27| & (initial
decay rate) & ® 37 Zth EdA B 5+
So] SigN, =l S0 BAglol X
FAEL Vet A A7 OVE £ FH
B} &534 vEelgted, 2Ho|AolA A
AW (staircase charging technique) &2 &
A% Lin'®' 3 of$ ZAE daE 4t
ol thed ol dygdEt F Si-Si0AY
A2 5 (interface state density) 7} 2thil
AR s, e T2 Ve A oM e d2E
3} Abalete] o2 £ 9 (energy level) 7} &
A3lA =Hv] AoE M (Ves) & SigNgThol
A A At olw #534Ake] A& 4 (11),
(12) 2 ¥g 97 g2 gid dAE A
Abst® Atsle AAE Vwolleur AHE
159

BRABFHHSE KA 646 25 19936 34

3 8

(Vis (t) /VFB P ]XIOOE%]

at R.T. T &
- g N SSiIrns..
ok t, : loms e =
—
— ) el
S L esa(v,:280) e el
ol o 10T
) 109
ol ol i il o il ol
1 10 1w’ 10’ 0"

RETENTION TIME(s)
a3y 10 T8 Aste Az @& 719
S AEA (453, #1042
Fig 10 Retention characteristics at Ves and
zero voltage bias, (#53, #10 device)

3* 3 ¥YAAY FAEH 27 A&
Table 3 Retention rate and initial decay
rate of trapped electromn,

. - # 53 device # 10 device
Ites & reteqtion conditions
Vp = 289 (t,=10ms} |Vp = 487 (tp=llme)
. n 6.04 8.05
Initial flatbend vol (v)
oy 6.07 8.58
Trapped electron retention rate | Vpy 93.10 90.05
at 104sec(l) [KJ 78.95 73.05
Initial decay rate s 0.1 0.2
at 10sec{t/sec) oV 1.2 1.7

et AAE 3.8 x 10°V/ne] & && o
gt a2deg AR FHE SiaN,
g o]Este] AolE AL B ¥
zo] o4zt ¥ WEAANE DT
Aalm Agtute] FAld @A A HA
ul E3 Asiate] AREo] wolAA .
ol #5324%ke] Attt WA HE sk
AAE 242 1.0 x 10%V/m 1.9 x 10°V/n=
sbstut AACE da)E Astw d4A Bo Atk
adpz rdAxte] #FHE AL T
Aazzoge o Bdzgor A WEol
Aol & 4 AUtk wWeEkA] MNOSA A
e EHde] otzte AoE HFE T
grwa po AHTFoge WER AT
%7|7+4] (short term decay) 7} A&t 9
2R Y AL FFHel o 10d o
A}ol 719162 %9 (charge retentivity) & z¥
I YPEe 4FE 5 Uk

5 4 &

B ¥ ME POV o2 SiN, e F
AL &2 ste WOSERE A Fste  4hshet
AAd g HddES =4 HAFE o
28 dfHsln, AR {AzHd m

DR BRI R




T. |EBE, WOL. 6, ND. 2 1993.

JNAFAEYE Hw, 2AE Y

ZAA AZAGE A5 AVEH AlAHE ol%
g H2AGH HAE U AV 48
s} oj2xe I d4x] Yo AP 9
3 ANE NYERIUEE SiN,ge 54 ¢
o] Wt 0.2 x 10'°m 2 A% olE HIFYL
o, o]lgdHESFE 1.6 x 107 "*sec” ! (#1044}
9.58 x 10" °sec™! (#534A}) ol Ut} Azw A
Aol di@ HAe B dFEL Adzigr AHA s
Z71gel o AMHom  FrpEtHow,
SisN 2te] 574 2o Aglge] %4 o EA) o]
Atk 283 ZI9ERY 27| HEFe) W
ARFAEA ] E3dHoAE gt A
Bo AgE #Haet AA oEA] Heu,
27 X8 A g AV e W BSE
A gt AAFEY AT 10'secFH F
vla A Z7)(short term) o] X ARl 73
€ AEE F¢ gRwE Hg dHgSF
oz29 o Hdgoxz 3% st LAsHA
Uelten, XA FHEL Vs FAQY
AE7E OVE §X8 3S B 58S WE
=3

229

1) S Minami et al.,, “New scaling Guideli-
nes for MNOS Nonvolatile Memory Device”
IEEE Trans, Electron Dev,, ED-38(11), PP
2519~2526(1991)

2) F R Libsch et al,, “Charge transport
and storage of low programming voltage
SONOS/MONOS memory devices”, Solid-state
Electron, , pp. 105~126 (1990)

3) E Suzuki et al,, “Degradation properti-
es in Metal-Nitride-Oxide-Semiconductor
structures”, J. Appl, Phy. 52(10), pp. 6377~
6385(1981)

4) K Sato et al., “The memory characteris—
tics of MNOS Nonvolatile Memory devices

", Trans, IECE, Jpn, (c), J67-c(5), pp. 451~
458 (1984)

5) J.J.Chang, “Theory of MNOS memory tran-
sistor, " IEEE Trans, Electron Dev., ED-24

, PP, 511~518(1977)

6) Y. Kamigaki et al,, “Stored Charge Dist-
ribution and 2-Trap Model in MNOS Memo-
ry Device. " Jap, J. Appl. phys, vol. 59(6),
pp. 797~807 (1990)

7) K Ohnish et al.,, “Electron Injection
Parameters and Memory Characteristics
of MNOS Devices”, Trans, IECE Jpn, (c),
J64-c(4), pp. 311~318(1981)

8) C Svensson et al,, “Theory of the thin
oxide MNOS memory transistors”, Electron
Dev., Lett., (6), pp. 645~647 (1970)

9) M E Beguwala et al., “An improved model
for the charging characterization of a
dual-dielectric (MNOS) nonvolatile memo—
ry devices”, IEEE Trans, Electron Dev, ED-
25(8), PP, 1023~1030(1978)

10) N, J.Chou et al,, “Effect of insulator
thickness fluctuations on MNOS charge
storage characteristics, " IEEE Trans,
Electron Dev,, ED-19(2), PP.198~204 (1972)

11) V. J. Kapoor et al., “Charge storage and
distribution in the nitride layer of
the metal-nitride-oxide-semiconductor
structure”, J. Appl. Phys, 52(1), pp. 311~
319(1981)

12) M H White el al, “Endurance of thin
oxide nonvolat ile MNOS memory transis-
tors”, IEEE Trans, Electron Dev,, ED-24
(5), PP, 577~585(1977)

13) H Y Lin, “Effects of the initial mem—
ory state on the charging of MNOS
Memories:An experimental investigati-
on using the staircase charging of
technique”, Ph, D, Dissertat ions, Univ. of
Southern California, Nov, (1983)

S

A4

19473 649 1394, 19763 @4
A71ggH £4.19799 AAH A
quistY £¢.1987d A #LW
AAARZ S A, 19763 (F
) B44) 1988 A& 71EAL 19
93d A LAHEUE AAH ¥

A

19399 9¥ 2794, 1961'd A3t
AT} Y. 19699 AA o
mETisrd £ 19699 A3l o
st9 gelstat(olu), 19939 WA
Beo) ARALFEH 24

160



