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The Analysis of Embedded Si-NCs in Si3N4

for SONOS Memories

Student: Hua-An Dai Advisor: Dr. Jenn-Fang Chen

Department of Electrophysics

National Chiao Tung University

Abstract

We investigate the electrical properties. of SONOS memories with embedded
Si-nanocrystals ( Si-NCs) in Si;Ny. The capacitance-voltage (C-V ) simulations
identify the interface states at Si-substrate/SiO, interface. Simulation results also
obtain interface state density (D;) and amount of fixed oxide charges (Ngss). The
process of Si-NCs formation can reduce the interface state density and increase the
amount of fixed oxide charges.

In deep level transient spectroscopy (DLTS) measurement, the Si-NCs 2min
sample appears an extra signal beside interface states signal. The band diagram
simulation reveals that the extrinsic Fermi-level is close to Si-NCs conduction band
when the extra signal is measured. These results demonstrate that the extra signal is
originated from the Si-NCs. After programming carriers into Si-NCs 2min sample, the
interface states signal is nearly unchanged, and the emission time constant of Si-NCs
related signal is increased. According to the band diagram simulation, we propose the

emission mechanism of Si-NCs related signal: Electrons tunnel from Si-NCs to nitride



bulk trap, and then tunnel from nitride bulk trap to interface states ( trap-assisted
tunneling (TAT)). The TAT process includes thermal emission process. The increase
of emission time constant after programming is due to the conversion of thermal
emission process. This emission mechanism also reveals the existences of quantum
confined states above Si-NCs conduction band. Thus, embedded Si-NCs in SizNjact
as a formation of Si-quantum dots in Si3N4, and provide more programmable states
for SONOS memory.

Retention abilities of embedded Si-NCs samples are better than SONOS. The
difference of retention abilities is due to parts of programmed carriers are stored in
Si-NCs. We program the same amount of carriers into samples, and we assume
different distributions of programmed carriers in Si-NCs Imin30sec and Si-NCs 2min
samples. Si-NCs 2min sample stores:more carriers in Si-NCs than Si-NCs 1min30sec
sample. Band diagram simulation demonstrates that the tunneling barrier is lower in
Si-NCs 2min sample than in Si-NCs 1min30sec sample. The difference of tunneling
barriers results Si-NCs 1min30sec sample has better retention ability than Si-NCs
2min sample. Different distributions of storage carriers result different retention
abilities. The results of experiments and simulations reveal Si-NCs in Si3N4 produce

more programmable states and enhance carrier retention abilities.
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Bias range Ea(eV) o, (em™)
2V / 3V 0.430 1.44*1077
3V/av 0.500 8.66*1017
4V / 5V 0.535 1.01*10-1

[% 3-1] no-dots # & & & % i ek B 14w 2 2 4F 3 o ff

Bias range | Ea(eV) | a,(cm’)

" 2v/3v | 0484 | 7.45%10%7
3V/4V | 0514 | 7.54*107 |
aV/5V | 0568 | 1.34*10%

[% 3-2] small-dots & & B o & i eak s 1w 4 2 33 o

Bias range | Ea(eV) a, (cm’)

2V [ 2.5V 0.396 6471078
3V / 3.5V 0.430 LIS%HEY
4V f 4.5V 0.465 1.21710:Y

+

[% 3-3] dots # & & o s B ek B 14 5 2 2 4P o
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Bias(V) Ea(eV) o ,(cm?)
1.5V / 2V 0.338 1.26*10°Y7
2V / 2.5V 0.334 2.31*1018
2.5V/ 3V 0.319 7.91*101°
3V /3.5V 0.337 7.84*101°

[# 3-4] dots #& & Si-NCs related peak s34 [ i ic 14 2 3 58 o

e

i

SisN,

/

Si

Sio,

Gate

(B 3-10]% + M FN 7 "g»c e 5 i ¥ 1 K
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Program Window@tunnel oxide N,O 3nm | —e—  outrol fresn

P — — —.— ", l v, o
14 V2oV, Eldsec ki SENCY 2, e
—=&— Si-NCs 2min_program
12 ceeer@eeres SiNCs 1m30s_fresh
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6 L
4 L
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2 0 2 4 6 8
Ve (V)
[B13-11] = B 5 n T OV & R
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o030l T control
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-0.40 : ' '
10° 10! 10? 103 10¢
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[®3-12(a)] AVe=2V 2 = P & &= 20 B k3 FF I (retention) #1&
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0.00
-0.05
S 010
& -0.15
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% 025 Program AV :2V
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(B 3-12(b)] AV=2V z = * #& 2 #H< 85 & %3 FF (retention) £+
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-0.10

-0.15

. 0
030 | Retention@150°C

AV, shift (V)

Tunnel Oxide O, 2.5nm
0251 Program AV, :2V
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035 e — Si-NCs_1m30s
-0.40 ' :
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[B 3-12(c)] AVB=2V z = *H 543 150 B 0% 5 F (retention) 4%
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MOS_no-dots

1200

1000- — 330K Bias=3.9V _

T T T T T TTT0y T T T T T

800
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G/f

400

200

. programed 12V
0 "‘_'Iv‘,‘u" Lo T | N | L1
100 10000 100000 1000000 1E7

f(Hz)

(] 3-14(b) T3 T o= 15 B3, 9 V enG-f £ ipl

Bias(V) Ea(eV) o, (cm’)
2 0.472 | 7.98*10°7
2.5 0472  5.09*10%

3 0473 | 3.52*107
25 0.484  3.41*10V
4 0.499  3.51*1077
2.5 0.532  5.55%10%
5 0.559  7.04*10%7

[# 3-5 (a)] A3+ interface state i it it 4 2 F HE & f#
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Bias(V) EaleV) o, (cm’)

3.4 0458  9.05*10°7
3.9 0.490 | 1.49*10%
44 0480 | 7.39%10°
4.9 0.480 | 6.22*10°7
5.4 0499  536%10
5.9 0518 | 5.66*10°7
6.4 0543 | 6.37*10

[# 3-5 (b)]# 5§+ interface state &7 i it " 2 4 6 ff

C(pF)

MOS dots
1250 |- :
1  T=300K | _
i f =100kHz
1150 |- .
1100 |- 4
1050 |- 4
1000 .
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900 L programmed less i
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850 - .
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-6 -4 -2 0 2 4 6 8 10 12
Bias(V)

[ ® 3-15] no-programmed # 7= AT + :
less—programmed # - /L 2F T F ;

more-programmed % i % % & F h(C-Vd
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MOS dots
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Q .
programmed more _
31 filling pulse=80ms i .
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Bias(V) Ea(eV) G, (cm’)
1.5V /2v 0.338 |1.26%10V
2V/2.5V | 0.334 | 2.31*1018
2.5V /3V 0.319  7.91*107%°
3V /3.5V 0.337  7.84*101%

[# 3-6 (a)] no-programmed z % i & DLTS & =75 i 5t SR RE G M

Bias(V) EaleV) c}';[cmlj
6V / 6.5V 0.370 2.09*10%7
6.5V / 7V 0.363 6.88%1018

[4 3-6 (b)] less—programmed < % i /& DLTS & Bl it it 22 4 B & ##

Bias(V) EaleV) o (cm’)
V/75V | 0437 |5.76%*107
7.5V /8V 0.438 553*101¢

[%\ 3-6 (C)] more—programmed 33:3% %fﬁ DLTS —E_ B EE T R E‘ﬁ#@ 3 1%
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A4

w3

= EEE

-1 TF-TR (C-V) i 2
4171 RF-TR (CV) RO 2

FARET F A BT 3 TRM 2> A A&+ ¢ Poisson’s equation !
#*(12) :

d’¢(x) _ p(x)
d® e [4-1]

LHENE TR RAAG A XL ET AR T A T L@

T e g > Ai¢* Poisson’s equation 2z < EF & B EK S 2

d-E e AV BIRARE L ,T.*L{Gate
s Tt - IEZE 2 2 eiE .iifgg'\ Gate & # & 43 =

%

SUESNAEAN Bk i o

FE A A B L iR F
BRER  FiBRERBIRLNPETFRAE T
PR AR [ E ARG o RGP
TP AR

g APIE T

%8
Jh

D R A

&
A
S

- 4 eh

F_*

BRIFA P o e d -
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H

F g o
A3 BFHE IR  THEHAPLLDEKE T A

RIGEER~ 3 €7

v itk e F N /Eg ™ BE 0 R

B3

Bk g 2 o
Pt ek & 2 T > ¥ 2 @ % Poisson’s equation % #azt® o

BT R R RS R SRR - B F § 7 (Band
Bending Approximation) :

ARG HE MRS S - BT E

BRI RGP
% A& Jv#c(Density of States) > it £_¢ i

/ﬁ"’ﬁ"%’ggﬁj%lg
2L E gb%%’”‘fmﬁi& T E g
PSR A S R T T R

n(x)= [Mc(x)f,(E-E,)dE [4-2]
Ec(x)

M. (%) =M [E+qy(x)] [4-3]

He Me Ak & S fu & Fermi-Dirac » i Svfic> U L3

LRI ok s

AR A-1] o 2 S hff 2B %™ RIS T kR D

n(x)=N, exp[w] For n-type [4-4]

p(X)==PJAeXp[:5%§§fl] For p-type [4-5]

TEF RS T A TR R AT

p(x) =4[ p(x) =n(x)+ N, =N ] [4-6]
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% 2 Poisson’s equation eiff &~ 2_ % » A4 Jf A & - B icF R kT

g iBse 0 7 L 2K H ehii (Dimensionless Potentials) :

u() =102 [4-7]
49() = E, ~ E,(x) [4-8]

ER O RTBRNMFT R AR AT AN AEE[R 3-1] > BT [

4_1]’ I:;\‘ 4_6]%\7?%\‘ .

) _ - e by SihinGas, ) [4-9]
dx
ey 8skT 1/2
A= (—2q2ni) [4-10]

w4y & Bulk ® (P 4%, x>0 Ea i u(x) i A AFTEEMER - T

- W AR A E AR B E

d du du d’u

4@y 4 [4-11]
dx(dx) dx dxz)

[acy ot 112
g dx : dx? [4-12]
W S

F4-9]% ~ 4125 B enfp A 0 2 e P T Fs ks

dus _ 4

dc kt °
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[4-13]
j (—) = ( ) [4-14]

GBS R T U FIRE DT

kT
Fy=sgn(u, —us)2"* —[(u
q

i

5 —s)sinh(u, ) — (cosh(ug ) — cosh(u,))]" [4-15]

> -

R F e n S dic B Y sgn(us—us) e usdus PF 5 4] 0 wus BF 5 -1 0 i B S
ks el B N

PIF 1T 5 ] E A

0, =¢F, [4-16]

dopt - ko

1

fa-

+
::”Z\*

.%(3;

BT ¥t R aau A Rl B[R 4-2] - [ B 4-2]

™
=
NS

&

B # F ok R A% (Accumulation) ~ % F 7 £ % (Depletion) ~

-."E!l“\

T+ F # % (Inversion) o &= AR [ B 4-2] % p

» - — g
Ep AR A Rade nF b

%o TSR GBS § R B R iR AR R R A

00 | Oug q 005 _
Cs = (5u )(5¢S)— (kT)(5 ) [4-17]

CoE X EMMAA L EWMT 5 gt R

g@%”% ’Cox?]43]

(Bl 4417 225 FIHBRPT 3 M7 e R Lo L F $0 s Xpho e

7%

PP RRIF R AT REG X FIR A G o FF AT RE

d T \z\,

v, =- Os(vs)

T
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[4-18]
[744-18] i “h4c 3 R Vo € oy QbR AT R E Voxde LEWTE T
BEW(LeaF gy ) w8 4-17] ~ [ 4-18]+F R ERERM BB

4-5] -

12 TE-RE (CV) FATHRES i

tLJ- ___‘?- 4 1 , o ‘, /\ &:v 7 "{«’}:?ma_,?: %@*‘5‘%"9&_’ = ’ [g] 4—5]?]1%§|J
BT BRV=6V-2VARNTFAFDT R LFEA G35 P HTE

FH#FATFIROV=2V) R AR F2LH(V=2V-3V) ' A2 24 % »

S TR AR T TS BAF T R(=3 V)T B £ a0

A pmiE s EIF A ALORATEIAY T B £AL Y AT S
e o it B AT BRI AEY ARE AR T R AL LR ED R

PIMOS S HE e 3 P #h 4o i | SUSNEPIE S 18§ 203 0 0 e S hF BT

Flp3n gk BRI P F A T g o ot BB 4-5]0 B RBR(=3 V)R f
ﬁﬁ‘«%’l&;’{g;‘é{&_' Fﬁ/é]]f%m FHEMEFINAGTRT ISR A LDEFAEFD

B 2 (13)
BALALRRITF Gy @3 nd R[B 4-6]- [F 461872/
F i BB AR
(a) MHE 2 P
(b)® 42 R
(c)i®% 7 Z (Deep Depletion)
(d) 2 #»c i (Avalanche Breakdown)

[B4-6 (a)]eniUip 2 RIFT L g DI IRF B DT F PR FFRIEMN S L
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HREPFTRILTFFEZLREFIE TR T P PR
RRE S Vi g ek s BRMESF R e 100z 1T A4 5 a2
FILM A6 ()] mg T 3 #12 - [M4-6 (D] LAagHERF > 255 #
TP E T (W46 (O)& T BRI i EHREFR AL

FLAR TR G2 A TG TROFH LR 0 RIFLEWERT 2 2
| T4 FlP ¢ A3 RK L ¢02¢ 0 RIEZLF{ A BT ER

BT o [BA-6 (DT Lt BRI A TG DA AIRTEEL LR

[
14..

o T REOT R ERF R A VARG PRI g F L

7T
jEonds > A3 2 @i (Avalanche breakdown) » 2 #2cfig & 2 %% SR it o

=H
&

i
=
=3
¥

FEME TAHES D HPPENTFEA ] o
BB L[ F 46 (D) enB AR F ¥ Sl & o ARAR 0 K
PTG ART L F PP ok B RO RGP R T R R T

BALH b kbR R S 0 FIE AL SRR o Gkl R R T P

n(x,t):exp(‘]W(x,t)+EFn(x,t)) ch(x)fn(E_EF)dE [4-19]
kT Ec(x)
[ 4-19]# A @av @3]
n(x,t)=n, exp[M+an] [4-20]
kT
_M ~
Y [4-21]

AL un B B R a0 &[5 4-19] ~ [0 4-20] [0 4-210Am o

HEAPRT o 20 Bncnd B3 0 52 156 d - BB ERED -
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a—

T kB x@miihé'\:a‘_ # F & 4-1 5% 2% > = Poisson’s equation ## 4 % 3| T 77 »

p=4q(p=N,-n) [4-22]
p—-N,—n=nle" (e’ —1)—e"""] [4-23]
2
d V(ZX) :/1;2[1—6_‘) +ev+u,_—,,+u3] [4_24]
dx
dv _ 2]/21_] Vg Up—Up, (Vs 1/2
=221 e i 1 et (e 1))
dx x=0
= F (Vg g s lg ), [4-25]
O.apdv
C. 2oy 4-26
s = €s o, (dX)XJ) [ ]
—vg n;, \» Vg &AFn -1
Cs=Cpil—e™ +(—)[(e” —DU——)+1}F~ (vg,up,,uy)  [4-27]
N, v
CFBS = gsj‘;] [4-28]

[ 4-24]F - T2 DT HM G838 4-25] Bt ™ @ 3| [3% 4-27]

RNE R A TR G o B[N 4-2T]¢ 0 i - RITenE_um ¥ vs A £ 7 3N 0 JEL

- [4-29]



F(vy,ug) o , " —e " =2v
JSEEATLLT LY L e 4-30
Gt M ey )
B 4-18]~ [#44-27]~ [ 4-28] ~ [ 4-29] ~[#£4-30]7 1% &1 %

BEETRMGZB[B 4-7] -
4-1-3 B ® ;i (Interface states)fif = /2

# OV W% DLIS W77 3087 (g g K& r 2 Wenfh o R G € & R~
BAMAG L SIAHY BEREF A (104 T 0 Il 6 R
B m e FI R A G R E AT FehF B2 2 AR 3Rt R a

AL AT R b TR R (15) © g T 5
2
4 -
A Yvmre [4-31]
B~ o A

mE R e kB ERYN Eas o f 2 Fermi-Dirac A4 i Svfic > 35 [ 5% 4-31]
e AT EOR B Ao B 4-8 il Az ko Fer FRER T 78R ot
FE[B4-9 (@) ()] - K[ 4-9 ((M()]7 W FEZEI R 6 R EERE
(Density of Interface Traps)Dit ™ % H =z 7 i= £ (Fixed Oxide Charge)Qss

w4 4-1] -
4-2 ONO i ¥ BIHose i

K& 4-1-2+ 3| CV et > % > HEe B A g ¥ v 12 {8 e MOS %

W& B R BT DR > Tt w8 Bl Bl (Energy-—x Bl o Fl5 A Bl &
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TR RIY A7 - BicG 41 B T 2 - 3 R B i BIECE 2
- B4

SF VR

4

Brdm PR e BT H Bl R E A2 R Vg op R
W e E s B fS o IIm 2R HE_Poisson’s equation 11 F KR - mH R
A A B 2w ks Ft iz v 2R 82 Poisson’s equation i A H# -
Poisson’s equation iz et = N EEFE & 4-1-2 82 4-1-2 Ve 5 4F
XS G T T B, Tl B BT i;éﬁvﬁ/,},?‘u? AR e R A
AECROTHRE LT A A RIS EW LG THRL L EMRF F AT
GBI Ko X P ity A - BRE DR LA - A2 TR RBARE o

T NE - B RBTEOT H(16)

‘V ‘_¢ms —y - Osiv (xBO " Xsin )

E = & Epo 285y [4-32]
o~ €ro €ro
Xrot —3Xey t— Xp0
SiN €30
ESzN :ETO gTO +(l_ X ) QSiN [4_33]

S A2 Xgte EgEsin

E, —EE0 Ouw [4-34]
gBO gOgBO

Evw #.% % % it & (Tunneling Oxide) <& 3 ~ Esw #_% i* # & (Silicon
Nitride)énE 3 ~ Ew 2 i3 i & (Blocking Oxide) s 3> e BRI £ & B &
B R ¥k [V 4330 S ERT I BT P R -

[V 4-32] ~ [5V 4-33] [N 4] x A 2 67T MR L R B AT GIR
Fo@m ONO % Y& R 2 2 4 F foBlcha F BIWEE S 35 A8 eyt > B & 3
Fohe AL TR FI e Ehe P RIS T ”Lr?‘/]?m": R A P REG
Tk &2 N[0 4-32] ~ [54 4-33] ~ [3Y 4-34]55 - feh o szl 2 iR

'ﬂs/z‘;}z"g#f g')t% }—7\? L_’J/’J’é‘j’glﬁ'_} .
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4-3 B S* 47

4-3-1 J o R G fis e % 2 47
[B4-9 (@)(D)(c)]~[# 4-1]7 mareig = & Si-NCs etk & € "% i & B &
SRR HAFRF PR T APPSR AS L SI-NCs il
AP o AALF PR EHET - EEROE W~ f 8 Sile L - K&
Fo BT F VR o #R15 5B - i #3131 (Thermal Annealing):h#l4z
S Jlé,géc,ﬁ,lé\(4 FOARE 2B AP REFIEBEANR S RP
K=+ 3 Xggendeic AT F5 LRV A T e i B4 (strain) o §
i EATR | EARY § RE f A2 P AR B (Self-assembled) IR % 0 A 2~
JEREEPR K A L Lo ERARI VI fdots SRR KA
PR £ 2] P> small-dots #k &8 1 [ P30 ~ 48 > @ no-dots th &AL F 5§
WiEE RS g TR = PR R ek AR R s M2 H e TR eh

B e L ST RIT N i RIS

4-3-2 F o RS AT

BATOREALER G REDER C [B35]7 Mg I = P HREEM
B RIE R 2 P REDR G R G T R H R R R AR N R RAR S
iy AR A TR F S 4-1-2 9 e R R F 5 4-2 i Y Bl
BiAnRalg > FLBRIBRAA  ERATROLEREFF Us L A [F
1] PARFEEEFRES A AR A AP ofkEr AE e PAl
Jﬁ?*km/}'ﬁ’ﬂ“**?%‘iﬁ* LR K AP g e B B EAeni A
(Valence Band) % &7 & % fl end' 3+ g jpedf 3§ & BpARenit o & ifu{i’é (R
Bl4F ¢ B R AeAR S a0 8 WAk Ao Rroa R i en® F A FF B 4 AR o
FIpt B b qg » AR5 o
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4-3-3 % o & i Phonon-assisted tunneling

B g R R T AL R ORI T 0 B AR G - KBRS B R G NE
FhBiexm 5o L AgELE G ATER TR G R S T a7 &
Fd AR A e S o izi##% 1 - B Phonon-assisted tunneling
drc bt AR(17) % 13 T H0E 1 # ch% % - Phonon-assisted tunneling i 42
LS F R BT 3 FR R AR ROF R R T RSB RLE= &
i B[R 4-10] o ik 3 iz FRF TG S AR BupEhizg
oo 9T E RSB T a rﬁ;].%z W 0 G A e B0 F L AR A 2R
BRI w AT aarcbtiE B oo 3

=z

I i8 areitid B

E;/kT \1/2 3/2
e'=e {1+ ! exp[z—an(g(zm )th(fkT) )Mz} [4-35]

B & B enic i3 i b o Pt el $ 0 & Bupelf emicstit & © 314

peEit e R P EZR 2IRRES S SR 4-11] 0 ¥ A7

>

i

A

foen A RRELAG B BN R B BB 0 T R T ki AL § RIS B A T

B’
)

e

P nipd e SRR G R Gt i T jela e B LA R A

FRFDELARTE A GRE Re RERAR 2 EX T TR R
fgrs()

4-3-4 Si-NCs related peak 5L

AW & 3-3-F 53475 ®IDLIS 2R dots st VT - BR
ook R 2 v e sl > AL 5 Si-NCs related peak © & ¥ d & & 4-3-1 % o & &
AT R R R G- LEEF BB SR B s T[4 3D

(a)(b)(c)]#Si-NCs related peak =& i i 48% 7 7 ¢ £ L FHHEIF - § 07
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ok T e BAsLk g ONO M A B 1 2 & _no-dots & &£ small-dots
PR AT S R G MR BRSO R R R T

Mo Bk Bagk p Si-NCs ©

4-3-5 F i ¥ 3 I Amphoteric Model £ Trap-assisted-tunneling #%+#1
it - ¥ A 47 Si-NCs related peak 2 % F & £ A4 5 BHA © (1) § &

i+ ka0 (2) Trap-assisted-tunneling e84 o

(1) Amphoteric Model % f*# 4 F=tica](18)(19)(20)
ARG AL EMERY R FEREA v EN RS A4 L augid

- a0 F PR R R R TR a2 B e R F)F i A% 5
¥ R+ e 54 (Dangling Bond) o [BI4-12] 4 8 £ 7 3B H-3) > 2 st i
A3 F G R rapFgak Bl B o R Rt R ITELY 7 - TS
Paak i s TR FE S OGP O REEELY AT T ik iE S T o
RAES-eo R B el v v F R o e v L R
TR BB T AR L P A PR €T FROT S ERT O ek ek

Boo@P3dabg CHPEFTA B EnEn [ B 4-13]

E.—E, =leV [4-36]

E.—E, =2eV [4-37]

(2) Trap-assisted-tunneling (TAT) #+#1(21)

[F] A-141857 & 3 B /s 4 iz » 4ok i BALS 3 1 4 Haii 1 47
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g T RERL F S HF 2 0 5 Trap-assisted-tunneling » 7 "RiEAEF 12~
B L R BN Y MR B E - BT R R
T REAYL FEFL o - DT B TR T
Xf
P _ e_ZJ‘Xi ¢Barrier(x)dx [4_38]
@ nrier 25 "GIBALHE 2 PTG 3]0t Mo f Trap-assisted-tunneling 575 18

Fe AP TR RS S BT R SR

Xm xf
_2( ¢Barrier (x)dx+ ¢Barrier (x)dx) _
RP, =e ! L, [4-39]
[ B 4-13]7 12 & Trap-assisted=tunneling *7f# ~ it Hi o ff 4] - F]

XA CEFE R

4-3-6 Si-NCs related peak :5.#%+4] : TAT via interface

KR EA4-3-55 BHA 4 R EA 2B EPR R E 7 LA D RR
F] Si-NCs related peak P& i e % B[ B 4-15 (b)] > Apd 3t H @ i B e &
BB 4-15 (a)] > ¥ M REPFiE 7 o s P h4F ¢ 37 & 3] Si-NCs 3+ *
o Flpt e s oA A_Si-NCs #7id £ e iy [£ 3-5 ()5 I BRI T cFd it i o
(B 4-16] 5 [® 4-15 (b) ]t » & ¥ 4 + Amphoteric Model # i“# 4% ke

Fe Ew > 7 0 34 gg 8 & S1-NCs p eni & b ) K enBk L :

1. #_Si-NCs p 7 sk st Fgeni= B #gcs - B Eu 0% & |- B B 1 (pseudo
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level)
2. jEdga F# (pseudo level) 7 "3 § 1 & 4% Kaie 4 En b o
3. HF “FRAranFEn % h e ki o
4 KR ook FEE Be i3 R3NP A aETF -
§ b EGRAR A  k 0 R R A AR T - S et ko
HECT S BN Y R S EE
¢ +7 +7 +7 [4-40]

total = Tthermal,EAl tunnel ,stepl tunnel ,step2 thermal ,E42

TEFELUAIFTRAEFOERF T UEI LR E € LE DA ET RS
R B R PR > T 5 7 AR N AR fade K 2L F 08 o JE pseudo
level 7 %§F|§ i“# + cnikKnicfg En sl o -6 A2 2 BH IR > &f
LBRE L € 7 I Ko Ff B ¥ e B s 5 &< o DLTS £ 13 Si-NCs
related peak g & < ¥ 5 220 K HRR 225K @57 DL BABRPER
T themal, it =03 MS > T tumel stept=1. 9 NS * T tumel.stepz=17. 18 MS > T thernar,2=0. 58 s °
Tioa=70.2 MS > T total {XFITERIeiE FF 86 ms o Flut B p[1F Flendijpesd it £
B BB i £ o0 Buo B E D0 Eu=346 meV > 224 #37 DLTS F % 7 3l eh
E=319~338 meV -

* e ke 2 > 3R Y program 2 {8 i Blenfiiw o (B 4-17] ~ [B) 4-18]4
L] 2w F & 8 program {& DLTS s & #8235 ® 3-15] ~ [ % 3-6
(b)]1~[# 3-6 (¢)]° & less—programmed =p& iz 3+ & 17 3 e Eu=110 meV > Ex=360
meV> 2 3 iy £ 1 Ee (%3537 DLTS £ Bl ¥ 3] ¢ Ei=363~370 meV; & more-programmed
chpF iz 2 B 17 5l e Eu=35 meV > Ew=430 meV > #§ it £ 7 Ew (%4537 DLTS £ B 7

3| e Ex=437~438 meV ° ¥ _no-programmed ~ less-programmed * more-programmed
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ZRHR PRSI RS A Pl 0 T R TAT via

interface 4] & & = o

4-3-7 Retention model

57 e SONOS B P enT i TFMRE MM enpa 4 > 7 7 i ar st o
$(22)(23) :
1. S#gs o
2. Frenkle-Poole +7% %4iE 4%
3. EHETWAR S A F AR EF R T 6 K E(TAD % -
(B 4-19]& 7 7 & &2 T el s > A& B8 0% 12 Frenkle-Poole 8 42 %]
SRR AEFBARSN RN O FFAR Y R0 f o TR &
¥ iy A2 2P Retention cP% s T RRIBAR K- AL KRG T oy PEL T o
#IW 3-12 (a)(b)(c)]#® 7 — & 1484t - Retention it # 4 4 small-dots
% dots # &= 2 »no-dotsd £ gk m LB F HFF & kP 2 £ Si-NCs
TOUR e SR N o e SAPEVE R 5 ¢ & A small-dots & &b
Retention it # &4 - F]5 32t k5 - small-dots R 582 dots &tz &
Si-NCs e+ /[ st o] > #5020 Si-NCs A5 enE F i FF 2% € B > otk &
PR AR A ALY EAR P T B R 6 ] BRI
Retention t # J&3% € ' dots &k 5%& £ | * st # Bl & Retention #3" P i »
Bk B n P RSN PR TR - R = 2B 3-11]7 i & & Si-NCs 5
s Ao RE o Flt B3K small-dots e &P 3R F PR A F D0% A F 4 F o
50%# Si-NCs ; dots &P 3R FenT fm 3 33%F & > 66% % Si-NCs > fe _
TRBE-Ho-RarRT itk VnT4 2 VIR 4-20] - [B 4-21]5% # #53¢
Blvb kg o By G p B F W R ARSI PR S g TR R € A Viarrier 67

<@ ¥ dots FRSTE MRS o FIR TR IRE LR B R G 0 4D
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HLFE TNk §3 SHAMEHT i R FIESi-NCs e~ ] 7 12 % 35

.

TAT AN B A AT R e g o ssz‘u? M fEfR S P A small-dots & &b

Retention it # #=4F -
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MOS
1E-4 L T T T T T T T
1E-5F =
3 Accumulation Inversion 3
Ng 1E-6 | Depletion 3
g E
3 |
g‘” 1E-7 E 1
1E-8 F -
i 18 ]
[ N =1x10" ]
1E_9 1 " 1 " " 1 " 1 " 1 " 1 " aI " 1 "
04 02 00 02 04 06 08 10 12 14
vg (V)
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MOS dots
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-
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MOS dots

[0 4-5] MOATR % $Foh 2o R B T2 ]
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(a) Low frequency
(b) High frequency
(c) Deep depletion
(d) Avalanche breakdown

[R4-6]T 72

{

RIW AT
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Capacitance(pF)

Capacitance(pF)

MOS_No_dot

T T T T
1300 simulation}
N s EXP ]
1200 f=100Hz |
T=300
1100 |-
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800 |- _
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Dot

1300 | I ' I ' I ' I —'Silmulation_
----- EXP
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% 1100
g_ 1000 |-
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(B 4-9 (c)JBF TR RET % B
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AV=0.52 V AV=1.1V AV=1.2V
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W
Interface trap E
E, "
E. / > Phonon-assisted tunnel
? Pure thermal

[ B 4-10] Phonon-assisted tunneling B %+ R B

No-Dot interface trap
1.5 [ T T T T T e e | ]
14 =  Admittance Ea §
1.3 | @ calculated Ea .
12 | phonon-assisted ]
1.1 | v DLTSEa o ©® e 0O _
10 F o _
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08 | ° N
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05F .0 fnnnmny y
04F e X -
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(B 4-11] Beeanis it a0 2 F % gl

Ea (eV)

60




Dangling ) +
N bond e\‘/‘h
. —
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N e ht
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[ B 4-12] Amphoteric Model # & =+ & %4

[ B 4-13] Amphoteric Model ¥ it # 4 Kaic FE T 2 B
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1-step tunneling
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, f
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metal insulator silicon

2-steps tunneling
(trap-assisted tunneling)

Trap assisted tunneling #+1]7 X B

dots No Programmed
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| ]
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