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The Analysis of Embedded Si-NCs in Si3N4

for SONOS Memories

Student: Chi-Ching Chen Advisor: Dr. Jenn-Fang Chen

Department of Electrophysics

National Chiao Tung University

Abstract

The characteristics of embedded, Si-NCs in SizN4 for SONOS memories with
three different formation time of the Si-NCs are.investigated. The capacitance-voltage
( C-V ) profiling shows an existence of a defect at high temperature. The
conductance-frequency ( G-f) and deep leveltransient spectroscopy ( DLTS ) studies
specify this defect to be at 0.5~0.6eV above the Si valence band, with a near Gauss
distribution for the concentration of this defect in the band structure. The
Shockley-Read-Hall theory suggests that the defect is excluded from the tunneling
emission from the oxide layer, leading us to assign the defect to an interface state at
the SiO,/Si substrate.

The DLTS studies for the formation of Si-NCs_2min reveal an additional
trapping peak. From atomic force microscopy ( AFM ) , the size of the Si-NCs is
enlarged by increasing the formation time of the Si-NCs. We show that the trapping
peak is not related to the quantum level of Si-NCs, but a defect which might be
resulted from the stress of the larger Si-NCs size at the Si-NCs/ Si3Ny interface.

Programming carriers into the oxide layer is applied to find the effect on the



defect at the Si-NCs/ Si3Ny interface. For the interface states at the SiO,/Si substrate,
the characteristics are not influenced during programming carriers. In DLTS studies,
we keep the same time constant of the interface state at the SiO,/Si substrate to
observe the time constant of the interface defect at the Si-NCs/ SizN4 The time
constant of the interface defect at the Si-NCs/ Si3sNy elongates during programming
carriers, and the Arrhenius plot demonstrates that the activation energy and capture
cross section of the defect are increased during programming carriers.

The increase of the capture cross section indicates the enhancement of trapping
ability. Hence, programming electrons into the defect is believed to produce a
coulomb attractive force, leading to the enhancement of the trapping ability. The
increase of the activation energy suggests the raise of the emission barrier for the
holes at Si-NCs/Si3Ny interface during programming carriers. For a donor state at
Si-NCs/Si3Ny interface programming electrons intothe defect is expected to lower the
valence band at Si-NCs/Si3Ny interface and increase the concentration of the donor
state at Si-NCs/Si3Ny interface. This effect would raise the emission barrier for the

holes at Si-NCs/Si3Ny interface.
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% o
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i
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RC:CnNt(l_fF(Et))n (3-4]

FIRB-R 3 s el 3 28 > 4o (B 3-10) #7170  f ek §
(emissionrate) 4= [ 3-5) #75% » # ¢ R % #2xf F ehag F (#/cm’-s) n
RE PR RSN R Y PR FRR o4 (2 360 Ne 5 HEF

7 2ei 4 % A& 0 k 5 boltzman constant > T 5 8 & > Ec 5 4 chau 1 o

RE :CnNth(Et)n (3-5]
r _(EC _Et)
n =N exp{ T } (3-6)

BT R PR 0 F IR TS 3 o B enh BV (50 3-T) d

PRI (adnittance)s #y o = DO U4 T — i ACFUEL - A7t
B (54 3-8) (5% 3-9) fRrd b st > FF] (3% 3-10) H ¢ Wy i FHA

%(characteristic frequency ) * @h =C,(ny+n)-m @y =27 1-> =1/t

ST L IE AR A 47 R B B 3 0pE R BBl 3N (5% 3-11)

df
NIE=RC—RE (3-7)
f =1y +of expljwr) (38)
n = n, +onexp( jwt) (3-9)
_ 3-10
g = (= fon__ 1 (3-10)

ny+n' 1+ jlw/ o)
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C (n,+n) (3-11]

TGf =

LI LELEF R

F_L

EEN FeU

F_L

AT GERER > en 0 RS
i g - o 0 Q=200 L s 2 p 5] 0 Adnittance S9E % -

DLTS & iplps » H 22T i Bl (258 4et (0 3-T)  d WL E2PF amPE
Bl Z ek fi o »rin=0 Re=0° M A% 5 (4 3-12) fetpied = 27 18 (3

3-13) B¢ R ¥ #s [ 3-14]-

vy

dt =—R; (3-12)

=5 eXP(— Cn”'f) (3-13)
B 1

Tprrs = ﬁ [3-14)

J_ SRH 2225 3% P de (8 A 23 & 47 0 3 R & ﬁquwfg;%gﬁﬁ X pE R B
AR 4o (34 3-11] (5% 3-14] #fom » =2V = ¥ 4R % p-type chig > i@ &
% B peak ik Ko/ >t donor type #74134x SRH 2% 7 (83 B A (258 (5% 3-15)

(7 3-16]) fI*i&a B a5 > 7 RE P K e add T RER Poe

27
TUC, ) P
Tpirs = L (3-16)
C,p

(B 3-16) #-G-f £ B iH/R 3.4V £ DLTS £ 8] 3V/4V 2 @ eafe 38 & 2718 >
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EH- BEAR 333.33K> vz G-f 22 DLTS feptif 2T cpr 4 e 2 ¢
To =522msec > 7,0 =2.02msec » # ¢ FHRE G f > A PFEA BEP L ST

21 7.5%10" (cm’) > thermal velocity if & 333.33K 5 1.64%10" (cn/s) >

FiEFET @ P = 4.01%¥10" (en’) o Py = 5. 77¥10" (em’) e d 7 w0 P %

W P T AR A L AR TGRSR ET R 45 Ak e R Ry
i3 B B0 fi T e o
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B arad iy B 3t A e it i (Ee-Eo)o st @it ae 95 0.48eV @ 2 i G-f
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—(EI—EV)}
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Do =Nvexp[
e et SHF RIS P OV S o a g s iR
Fler PRBFF I FREREERF L HBRFEIGRES > 5 2 GA
12 % DLTS & i £ip] 5 5> 7 P %Tﬁéf'l“ﬁ%%@,ﬁ e BT g R
Zor gt akkateic VA band & £ @ ik o (B 3-17] AR
0.463¢V 3 Ba% i+ A g A R g B RRDIE A T B R
ERMR ) R AR A F DA o K SRHE% P Bk R {od BIER
B9 5 10%(em™) > F T RO AT R B L EMDR S o A D R
FAEGEE T RARSET R EAE L T F B -
S R R ORLT AL AL B B § i )
1 interface state o d **iF ity = & 0.5eV 2 0.6eV > f et o d4p i

interface state = ¥ & silicon s # ¢ & - (15) (16)
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+ e fg o
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e P A RanE it o ¥R B R #ice T2 % interface state PR
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3 0510 | 7.16*107
36 | 0553 | 1.51*107
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Bias(V) | Ea(eV) o (cm’)
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3 0543 | 1.81*107%
36 | 0584 3.68*10% |
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33



In(xT")(sK?)

7-0 L) I L) I L) I L) I L) I L) I L) I L) I L) I
= ‘ -
6.5 | » -
- ’ 1 - -
| &
6.0 : o ‘ m 2V
55 I > v ; ® 26V
5+ A 3V ]
5 T 9§ 3 q no-dotsy 3gv -
50 B 9 0 v 4 & A
5 4 X : > 46V
45 | ¢ 5V ]
B A | $ ¢ e 2v
® 26V
40 | -
L ¥ ox ‘ . dots * 3V
@ 36V
35| % & B4y
- < ® 46V
30 § v A 5V
s v 2V -
25 § small-dots ¢ 23V -
I > 26V |
ook ¥ * v
1 N 1 N 1 N 1 N 1 N 1 N 1 N 1 N 1

2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5
1000/T(1/K)

( ® 3-10] no-dots ~ small-dots frdots = # t& & G-f & | c1fe 55 & 271

34



AC(pF)

MOS no-dots

| filling pulse=80ms

v

o
-

oo o, |, L L L, L, o
CUOoO UM 20O =~ N O PR NV O O 1 © © 1 © WOHANO
T

——3v/4v \/‘ -

e

—1V/15V ] | ) ) . )

—o05V/IV], .

gL——ov/osv, , o, ., .,
100 150 200 250 300 350

T(K) RW=86msec
filling pulse=80ms
(b)

-4 -
RW=86msec
6 [——0V/0.5V .
— 0.5V /1V
sl ——1V/15Y ]
——1.5V/2V 0.5V
—2V/3V
10 |——3V/4V .
——4V/5V | v oV
-12 | L | L | L |
100 150 200 250 300
T(K)
(a)
MOS_no-dots
00 150 200 250 300 350

350

[ B 3-11(a)(b) ] no-dots tk &z % i & - DLTS £ i8]

35



AC(pF)

8l

MOS small-dots

filling pulse=80ms
RW=86msec

—— 0V /0.5V
——0.5V/1V
—— 1V /1.5V
——1.5V/2V 0.5V
—2V/3V || /™ 1T
——3V/4V
——4V/5V |y ov

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
T(K)

@ MOS_small-dots

100 150 200 250 300 350

. 0 -_ T T 5 T T T T 5
LL& 2r \f
O 4k .
< | ——4V/5V . . ; ) ) ) h
oF -
T 2F 3
2 4F 3
O 6F -
< g —3v/av | ]
0
o 2f .
£ 4t -
& ; - T
< g —2v/3v, . N ]
0 .
g i :
Q 3F ;
< Sl ——tbsv/ov|, 6 T
5 -05F ]
O 1.0k .
< gl ——v/1sv) o L
T ool N
o ]
S 02 F
'88 — 0.5V/1V 1 T 1 N 1 :
T 02 w 3
S 04F 3
O -06F 3
S e8] ——ov/osV|, ., o, o, o, ., 3
100 150 200 250 300 350
T(K) RW=86msec
(b) filling pulse=80ms

(B 3-12(a)(b) ] small-dots ¥ &< % ik & 7 DLTS & B

36




AC(pF)

filling pulse=80ms
RW=86msec

——0V/0.5V
- ——0.5V/1V
——1V/15V
——1.5V/2V
- |——av/3v
[ ——aviav )
——av/5V |

150 200 250

150 200 250

300 350

AC(pF)

-_—4V/5V : \/

AC(pF)

AC(pF)

AC(pF)

AC(pF)

—V/15V]

P e o Lo
NN O IOl & O @O RNMNOOANTE D ANO
T T T T

AC(pF)

a4l —osv/iv]

—0V/0.5V . )

AC(pF)
LobbSooo

CORNONRA N ©

150 200 250
T(K)

(b)

( ® 3-13(a)(b) ) dots & &< % ik /& <7 DLTS & 7

37

300 350

RW=86msec
filling pulse=80ms



Bias range Ea(eV) o, (en™)
2V / 3V 0.430 1.44*10%7
3V/av 0.500 8.66*1017
4V [/ 5V 0.535 1.01*10-1

(% 3-4) no-dots # & & AT & E R erik feis 5 1 E R 5

Biasrange | Ea(eV) | o, (cm’)

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

(% 3-5) small-dots # & B FH4f 5 Bk ks it we 2 FRE s f

Bias range Ea(eV) o, (em’)

2V 2.5V 0.396 6.47"101E
3V /3.5V 0.430 1.15% 1
4v / 4.5V 0.465 121810V

(4 3-6) dots 48 &% @4 & B sk Fod 4 50 2 2 BB 5 At
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Program Window@tunnel oxide N,O 3nm | —e— conirol mresn

'V =25 — —@®—— confrol_program
14 |V > 25V, t=10sec —-&— Si_NCs_2min_fresh
—=k— Si-NCs_2min_program

seae@eess SiNCs 1m30s_fresh
ees@eee S§i-NCs_1m30s_program

Ve (V)
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G/f

MOS_no-dots

1200 -
w00 L 330K
—— 350K
- ——360K
800 L |—— 370K
—— 380K

Bias=3.9V

programed 12V
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100000 1000000 1E7

[ ® 3-23) (a)%__;gi;&'-&'f;ﬁ;@__z. 5V e G- & 7]

(DJRAS 16 I 25V oG £ 3

Bias(V) Ea(eV) o, (cm’)
2 0472  7.98*107
2y 0.472 5.09*107
3 0473  3.52*10V
2.5 0.484 | 3.41*10%7
4 0.499  3.51*1077
2.5 0.532 |5.55*10Y

5 0.559  7.04*1077

(a)
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Bias(V) EaleV) o, (cm’)

3.4 0.458 9.05*10Y
3.9 0.490 1.49*10¢
4.4 0.480 F39%10
4.9 0.489 6.22*10Y7
5.4 0.499 5.36*10%7
3:4 0.518 5.66*10-%7
6.4 0.543 63710
(b)

(4 3-7) (a)*i#$+ interface State & it it 2 2 i 5

(b)i# -+ i dinterface state s it i 11 2 4 53 &

1 MOS dots

ol > ]
b ]
ol ]
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AC(pF)
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(B 3-24] (a) R i# i+ interface state <% i /& DLTS £ 7
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MOS dots
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Bias(V) EaleV) o, (cm’)
1.5V/2V = 0338  1.26%10V
2V/25V | 0334 | 2.31%1078
25V/3V | 0319 | 7.91*107
3V /3.5V 0.337  7.84*10%°

(a)

Bias(V) EaleV) o, (cm’)
6V/6.5V @ 0370 | 2.09*1077
65V/7V = 0363 |6.88*101°

(b)

Bias(V) Ea(eV) o, (cm™)
N/ IS5V 0.437 5.76%10-16
7.5V / 8V 0.438 5.53*1016

©

(% 3-8] :x %%/ DLTS & Bleis it v 24 8 o # (a) no-programmed

(b) less—programmed (c) more-programmed
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