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Student : Wang-Chun Huang Advisors : Dr. Tuo-Hung Hou
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National Chiao Tung University, Hsinchu, Taiwan

Abstract

This thesis focuses on using Cgp to replace polysilicon as floating gate and
explores the properties and operating mechanisms of this organic nonvolatile memory.

Before fabricating the devices, we first use TEM to examine the thickness and
crystallinity of each film and employ EDS and ESCA to analyze their compositions.
Then utilizing the verified deposition conditions followed with low temperature oxide
and metal deposition, we successfully fabricate capacitors with Cgo as the floating
gate on silicon substrate. The device shows a memory window larger than 4 V and
during the retention test, it still can retain a memory window as large as AVyp=3.038
V even after 10 years, which demonstrates the potential of Cg floating gate capacitor
as a promising nonvolatile memory cell. Besides, in order to explain the clockwise
C-V hysteresis, we first use Pt nanocrystal memory with same oxide stacking to verify
the direction of charge injection. Combining the observed frequency dependent
permittivity of Cg, the oxygen ion diffusion model is proposed to explain the

nonvolatile storage mechanism.



In the section two, by scaling down the thickness of Cgy, we successfully
observe the mechanisms of oxygen ion diffusion and charge injection existing
simultaneously. Furthermore, owing to the increase of voltage drop and electric field
in the Cep thin film, the operation speed is also improved.

Finally, to reduce the degradation of retention caused by the enormous depoling
filed in the scaled Cg thin film, we co-evaporate Cgyp with Poly(N-vinylcarbazole) to

decrease the mobility of oxygen ions. By this way, we can keep the most memory

characteristics nearly unchanged but successfully improve the retention property.
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Hr' »L “[‘: word line #0 ”:] "]’]
b source selection line (SSL) | I

bit line #m-1  bitline #m  bit line #m+1  bit line #m+2
(selected)

word line #n-1

word line #n (selected)

word line #int1

[O)IMS 92UMOS 0

word line #(n+2)

lakarasap
dhet
TIT

source source

(a) (b)
] 2-2 (a)NOR 3] (b)NAND 73z {6 42 7 #- 8 [23]

Memory- NOR- NAND- B
Operation type-
mode-
“ Channel hot electron- FN tunneling- o
Program.
“ Band to band hot hole. FN tunneling- o
Erase. Edge FN tunneling}

# 2-1 NAND %2 NOR 4|56 fifc it ¥ L5 ~ & %*",‘f 15 4]
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2-2 B~ BHFWHIE A
1t W iR B PSS A7 o B3R T hE o~ S g

BT R K R IR g

2-2-1 i§#-3467% 7 "% (Fowler-Nordheim tunneling)

FRBEAT RRFFARG 5~ REFFMFEL AN S R T FTHARS

TGS R A TE L Tk e 4 T @I hem 23 4

& ¥ 1% i 3V (2)en WKB (Wentzel, Kramers, Brillouin) i

X1 x2
X

Bl 2-3 7 gt BET X B

BT R RO TN o m R TR A u s ERA Y
BRI NG A R oo F AR~ ARG R BT R] 24 AT 02

N EREINAQVIArFEAQ) P FEATHERE > n OpR 5T F 5

preri g iR EER R o

d
Oxide _ ¢F? _42m (g0, )3/2 .
16770, 3hgF @

Bl 2-4 FN 7 "l k2T & B
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BRGE- Bt B T E NN (@A TN 0 T SRR EE T RT
(FN tunneling current) o f&(4);' * ¥ MBLZ DA T RBH L 3 w2 DR H4p M
B w @ THEMT LGSR FOTETIIN 2 FIL TP S ehe Ff T
A% ST EN T AR FUNAND 2 PP e A 0~ SRR
ERTH

FiEH M EE R BT 0T RF K AT LA I e B 2-5 47

g A R EE A o ()% RIF T i@ RN @0)&E 0 06) Eruidd+s
AERTROPFEEIRTRR 0 B L, BV 53 Lk TBRET S
O
2dN2gm

a T =exp| — hq 1
_________________ (5)
: A&ox B 0" (g5 —aV,)"*
Si . J= P~ WVoy 100 eXp[_g- o 32 1

Oxide L)) ¥ i
B 2-5 E 47 AT &R (6)

$EY(6)F L G A RS FN 7RS40 BT RT 2 B R G B i
o P FR RGOS Tdp S R o B RT Y L 2 K R 7
SHEA R FRBS AT H T E AT KRG R R R
L ke o T i R e TR e AR R 3t 0 0T A F A
TR o e RITg s R g AL < g gk o
2-2-3 i g #§4+ 2 » (Channel Hot Carrier Injection)

W S~ (CHE)¥ 2% NOR AR se bt en g » o 3k (7 f 32 1
NMOSFET 4 5 i £ 4 2 WHER %42 TR AL E HF B3 L/ BT
o B 1 25 4 xR (drain)zy et 7R A = A R LR #R(source) > o (R TR -
SR TF o F R LTABREEE AR N ERERP R T T

FTHIARORRESALDFARTFEFSEE T whRFaw P BE T Y- T



s F A EF PR L BRI LRI AT ER FEL AT
HEFEED AL DT F TR DT F T EXFNABAARS v T Fieg T
ERITARIF 2 - ARARET L XA IR T SR A S DT F
L8 3 e e PEV EER A TR R D SR T gl o E €8
WREAETAL AR L ERPF AT UREN FEBADRER o
EBE100uA B » Tinsre gt Foie > EH 3 B g o
2-2-4 F ¥F 7 & 7T ki » (Band to Band Hot Hole Injection)

¥ - B Mg cRil? VLo ad 1y 5 a8 T kL
(band to band hot hole injection) o H & i* > ;% &2 i I 4e ] 2-6(a) ~ (b) #7771 > Al
BE AR N | TREET BRI £ 3 ey T HR RN EE AR
T LAhE P AL BN ERNR R B RFRLTE D T I T - T
g IR B R T RIS T B R oA RET R LA BTIRR] § < Tk
v R FETr A deid o 2§ RIFEE LSt (80 B x g8 HEIILE TH
EIE R N = e S LIRS (R it B R~ e R R R k@
THANFERFESERT DRI P o REGeRWHS S B~ T 2 KT FN G
RATR ORBE R IES LI DPEF R R o e NOR IR co fRtl o0

VAR ERE S S SR RN S R R S Ry

B R I S ARES § S RAP S TR -
V()

0]
— Vo(+) :
Control oxide !
Floating gate
Tunnel oxide

| Souros_43 Drain

(a) (b)

Bl 2-6 BBTI hot hole (a)f&*% # £ (b)ic # 7 & Bl
-13-




2-3 RWAEF LRGN
HALF PRl 3 Fs FEoRER T ETRTLAE R LR Piky
Bor DBIER G ST A BT LR AT - PR A T e R A A
(endurance)¥® 4% iy 4 (retention) i fj /i °
2-3-1 @t 4 . (Endurance)
- LR e lpat A BRATR G PR EPEE A ANEFE 108
E7 S f 7 (P/E cycle)is & & iy HdF = % enze|® % (memory window)~ /| » # ¥
ﬁﬁ%i#{ﬂ*ﬁﬁﬁﬂﬁﬁiﬁo%%ﬁﬁﬁﬁﬁﬁﬁazkmﬁﬁ%
Pl A4 LT LAY @ e R A 4 PaEbry o BHIAR - & NOR 73

SONOS el fl® F s A sl dfl* € EHL T~ B FHT 5 RBTHF 2~ kiR

TR S F o~ BRI 28 idfl ik inT R e e W Es T > v

=
(e

EZRETY - XA F NGRS G ERAT R R FHEER 2 2
Rd FIPREFE TP e BB OR T - LA RS s AR
Reriel R E D S SR e T ob o A RF I WIEY 4 FRERIEY
Wirx M e RE XL 7 AHBROEN BT € T A iRk
Beieh TRAEL TR A2 E 2 RSN 2 T A BT AR

BTG > am BRaRe S5 R 0§ I IR T R R R Rt

ik
J
A
=
¥

2T R RAAEE IR T T SR B o P AT SR R e
- B TFT LGRS e T MR R AR g L
PFivm it - HendeH > FE R NG R AT S ndk K BB 40 A st
ATAA ORISR E ST N R T iR N RE R A B T AT LR B

PR TFF 0§ RETRIETET T o A RhE g2 g pehg
BB RE <L e o 3T & ko FIGF K B R P el 0 s DR AR

4P FEE o R U RGE AR E PG a4 R R-E - PR o
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2-3-2 = 4¥ 5t 4 (Retention)
V- BEAEFEERET ARG ML R E R O BER
LA - TN R R RE BN R R Bk T e a

ot ‘fﬁfﬁﬁ? ’l;%%“f} "J ’\%/PJ$1 \‘j\I\:nL‘ét /?Jpé“’ [ ﬂr\'l'lr'ﬂ?' ‘av"‘ _q_ﬁ Jﬁg’f‘:’

pun}

REE U E R OR P 1?2,55(:‘:1?1“3— ORI AR SR o1 A RN A NI =8 B

A GGG HLE el - R AR S AT S Y kTR A

T

WA TR T A T RS TR O FIT A i el

o=

KGR REL TR BT T a2 PR A FG A6 F Lo ¥ e
TR BF S AR ACTAET E 0 F EFI G A REEY RRIDRETREG P
R iR AR e R R AR 2 < g ORI il F o Rl 2 T TR A
S IR F AL e PF e g 4 F -2 e /R i (Poole-Frenkel leakage) & 4 [§l 4 5
"% (trap assist tunneling) e "$ 300 EiE A e oA b F - B AR 4R
FPAHALINOR 2 A FTEBES R BRAFS (room temperature  threshold voltage
drift) @i ek % & TR TR FAFFELEE D 35§ 0 4o DR Je s F
F MR G et eghaE g B oo Aok & CMOS ¥ AR 4A R crFT g 2 AT R
s e REOA, T o F (VA Y - Bdea & ¢ hA) = donor like erak T 4 SR
oo X Al faEch LD - T EL 0§ VP DR faE 2t @ S g bnbrd
acceptor like erdk FerTA B0 PP il 5 Wi A S TR B T 0 R T
E RPN AR Z G i G RF e donor like Ak T REF AAFPREF 4 0 7
F € 1345 7 sEod B 03] (tunneling front model) #745 it e 3Nk A1 > 00 & LB
Tl R R R A I oo S L HIRG FF BT MG AR E R

1 £ donor like & Feffy & o™ 14 e 2R T dt T RMA P G o

2-4 Coo HAL#F 1L 4
B 7€ 1985 &# H.W.Kroto % 4 &9 %3z p S #80E 05— B Coh 15 i@

BEF RSk e F B i B T aldess § A L O P &

-15-



B o B 27 5 Coo A 3 et R0 > 4oBl i 7 # B H A0 1 7 f e
A BRI TH A B Fihz L 2 G kAR o o k) Rk 10 Fos AR

TR o

Bl 2-7 Ceo &+ 7 1. B[24]

-

Ceo P e ~TRE T ATRenB R B4 - LiBEL B> P 27 ATR@
MO IR R § RS e Y A eI R o o
7 R i AR T B N A R e ok A S [5,6]4E 27 [6,6]
GEE A LR e A spt iR & e0[5,6] BEAE - [6,6] bk et A L BET St
fesp iR K A RS E RSl AR 1207518 10957 H B g g
GEFFfES P AT X gpd ofhic® o Coo 7 R BRI Ghp d G ks oAk
MRTL -G ENHTERDEFEAUANER Co A F AL pF R 2 A
Bt WOUERY S b & 2225151 N A F R T ¥ g 4
2-3 #rF| M EnR ALk o 3 Cop Bk IR H P R fER AL #7d Coo it
Wity - RAFHRF on P RTLOUF 27 TR 2 =208
EoRFEsetE R S TR RE S Z2OEP 4 R EH Co B E
P ARG T A od W Co? i FAEEFE DI R T B EE T
Fle bkt Coo i e L F it ASME P aBHZFR L0 F Lenf i
A F BERET SN E > @ 4p M T2 3 40[6,6]-phenyl-c61-butyric acid methyl

-16 -



ester(PCBM) % » & =St e i # 305 S iy &% ¥ gl EEFE

B 7 R R Coo B AL SRS Eit- HP R T R AR ] A M
ﬁé%’éit"ﬁﬁ"%*ﬁ#ﬁ;ﬁi%ﬁﬂ%@d%ﬁ?i FEFMA  maRE LR
AT F P o ¥ AR S g—f#_k_ﬂﬂ’ﬁ ﬁfv;ﬁ‘ﬁ%:]@r_’g’u Bl F S AL BT
—kfg_;:r;zo

Properties of Cg

Average C-C distance 1.44 A
FCC Lattice constant 14.17 A
C60 mean ball diameter 6.83 A
Mass density 1.72 g/em’
Molecular density 1.44 x 10*!/cm’
Bulk modulus 14 Gpa
Structural phase transitions 255K, 90K
Binding energy per atom 7.4 eV
Electron affinity (pristine Cqg) 2.65eV
Vol. Coeff. Of thermal expansion 6.2x 10° cm’/K
Band gap (HOMO-LUMO) 1.7eV

2.1 x 10° cm/sec

Velocity of sound v¢
3.6 x 10° cm/sec

Velocity of sound v;

Debye temperature 185K
Thermal conductivity (300 K) 0.4W/mK
Phonon mean free path 50 A
Static dielectric constant 4.0-45
Standard heat of formation 9.08 k cal mol™
Index of refraction 2.2 (600nm)
Boiling point Sublimes at 800K
Resistively 1014 ohms m™

5 x 10-6 torr at room temperature
8 x 10-4 torr at 800K
(Crystal form Hexagonal cubic)

Vapor pressure

% 2-2 Coo A 7 chigk & 3 32 45 14 [25]
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Ceo Extract mixture solubility
1,2,4-trichlorobenzene 20mg/ml
carbon disulfide 12mg/ml
Toluene 3.2mg/ml
Benzene 1.8mg/ml
Chloroform 0.5mg/ml
carbon tetrachloride 0.4mg/ml
Cyclohexane 0.054mg/ml
n-hexane 0.046mg/ml
Acetonitrile 0.02mg/ml
Methanol 0.9ug/ml

% 23Ceo >+ HEEB B2 BEE > AP AN LT {okR

Coo X BFRT e 24 L E2 23 0+ HM Y TR FASIDI
% 4o @ B RPFR G w2 2 B o B 28 LN BT LB E T
MELERTIE B e § R e A i E B B (HOMO-LUMO gap) ) 5 1.7
eV BR KW F X i Y Lo Ratd R 3 R B0 32 HA - Coo P

BEA S BBE I RN E A T R R A ARG T R

2

2 H%ean kT > 2 HOMO-LUMO gap ¥ ¥ ici5 ¥ donor like 2 acceptor like
el P AR F 2 08eVEBESF T 2 035eVenizi o ¢ donor like
R R R SRR E4E R 0 @ acceptor like ik PR B_F1 A Coo ¥ F EF R
G [26] 0 d AT Coo FUEY MR @RS EE A A S T i d

(hopping) % % % » g3l h & AEL R LA KB o T B Coo idy o2 7 L

BF BRfG e B R Rd N Coh T AL ERI A IHE 2 0 &

T

Ceo #» + P AV 5 A ¥ 3F 5 VM = % (interstitial sites) » #7141 — L %2 & 3 A7 ;
228 s 2 F P inF B BRI Coo BN TR EE TR EERFAL A 0

-18 -



i

A-

=

acceptor like ek fin > @ ip stk [ik-§ 8- ) Gdf R F X 2L B ¥
B BEF R TR A Coo BT AL[27] 0 s el * Ceo § (FUIE G PE N

iﬁéh*ﬂ‘*<¥.%-ﬂ %EJ 4lﬁf§457°

E. (eV)] jandmtim mohility edge

Conduction band bottom

,.
ﬁ o 08 . Donor-like stale
ol m | _

1 Forma fevel
;L B gb _J L_...-h‘;;______--_-_.____.".
2 = :
=| o r""' lke statc
2| & Acceptor-like state
£| O

Walence band top

”.

Valence mobility edge

~

B 2-8 Coo &+ i % BAf7 A W[27] 0 3 ¥ sk Figk 6 o7 § 3%

s

\S 7896
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523 Coo b MIBRHT 3 2T 85 B8 47
3-1 %2

B CooeF 3 37 5 $ A1 EN R A Fenpm S P AL

gz
A
=K

PUARSHECS o BB 60 0 S E Y B S Co B AT A

%r

F’_*

fLp AT B R RS U R T e AT KEFTH G * 224

R T i

3-2 R H&IA

3-2-1 Cqo W8 1%

J4:

BRI A Rwoge B E LT E T R d AN T 2w
TG ISR s FTI AR RS e & R R E kBl
Aipyplcg & e # A U E Ce e & ~ %1 [ difacoustic impetance)£? % 45
# 5 dhtooling factor o H # Ceoenn@ & 5 1.72 g/cm3 %_d SES research #7it & >
ok g g 4% S, Tin & A, Lal &%= 3 [28]% @ * 3.58 MRayl »@ tooling
factor PIF] 5 #% & & & EATHEESE & A > A § T4 1 - SR Gx
o AP AP A FERTHFHEPL L I NE ZRFF RS S 4x10°° torr 12
T 5 2 (8P EE 10 A/min Gk F g EE-power 4c 3 110 A FHEE = T A AR
R4S T I W Cob A 2R T it > BFRTE ZEREP AT
R T TR RT B RAE R AT IR R R Coo i it ff 0 B fs L BT =

FE A AR R ARG AT BRI AR 3-1 T e

[ T HE S J [ LM 5T ]

l |

[ P-10/NK ] [ SEMITEM ]

B 3-1 Ceo i& %A 470 42 )
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3-2-2 Cop ¥t M i3 BRI/ 1*

B 3-2(a) ~ (b))~ = 5 Coo 58 M fmze oMl it WAz T LW - 74 > I
T 2 & @Az (standard clean » STD)#-p 3% K45 + 0= 424 T 1% B 73
Frod LBt g LN AR AR SR N EH 45 nm s § it

BRh TR MR BREY FE 32-1 S et A B A S 50 nm £ Cep o

@rgu—kﬁp%,&él.t“‘? lég\'mggir%?if"’gC@/ﬁﬁ%%%\'le—z—L
w’“lf“&f'r'#%%‘*'f—:i‘@lﬁ ? ?,:"’fﬁzlﬁﬁ,: oy gL ly ’?ﬁl#ﬁ;\%iiﬁj

P B ERGS NECot BT - R MASamE § i ki
F TR ”@iﬁiﬁ Ceo M 2 o B EA P4 * ?, B2 OB F R A e S
v ¢ A #(TEOS): Fledrindh 11 nm eh= § 1“8 fis 2404 0 & o Bos s
4% B (shadow mask) ™ * £ % g 5V 4% 1 B 4 100 nm 48 £ % i s
PR B R AR AL H YR R REEIRA » = F L E E )
* N-K#E R ER > A Coo i R Flild PR hglic “ry B 1 PEETE
S Hpe & P-10 £pIFEd PG 0 enE ZRA g AR R ARG R

Ryt RS R R AR 4 8 R RS R At 120 5 Wk -

STD clean
Ni electrode
[ Tunnel SiO, )
Control SiO, oxide L oxidation )
- - : C,, thin fil
Capping SiO, oxide <0 tnorm
eposition
Cs, thin film Capping SiO,
| deposition )
[ Blocking SiO, |
Tunnel SiO, oxide deposition )
P-type Si substrate - e )

Ni deposition and
pattern definition

(a) (b)

Bl 3-2 Cooi%-8° M 1872 f R c(a) i 122 () A2 L )
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323 HALE A1 R B
A. Ceo s =
FE 41t e Coo#s 2 £ SES research *7TPLE th> 5 G v 2 MR
F999% M+ LR R F sk o HAPR iR Aok 222 15 o
B. #t 7 4% % ¥u(Thermal Evaporator)

Fo? R FCoo e 248 A dd L~ BT F 1 /FF 7= Aff
TR kg T 48 % ULVAC 0 VPC #4548 4 5 > ¢ gLho @) 3-3 #77 o
BRHi &7 A 5 2 BI04 oA W 747l (evaporation chamber) ~ E 7k 5
(vacuum system)£2 &y 7 Jh 4c £k 3(DC power supply) & ¥ B 7k AL E d e
# §1f (rotary pump)£2 7 #h4< §1 i (diffusion pump)#rie = - "% Hd = & [ iy
Fle d e E g B A o o ¥ B IET o ¥ ) e g §T g
U4 403 5x107 torr » EFE 1 * FFACH A R A BRA 3 4<10° torr
ToFBERN23BFEE FR Y RS AL AT P F RF LR oV
EormiRded kil d hdRans SR RERE S E SRz B A Bk AT e S
HY ABBLa#ths® - DRRERBEREA & CHetuhad bz oo
ML S B R AR a3 R BT R K EE Tk o AT F A
" hFRBA AL L B LR ETR SRRSO FSEL 6 ki
IF Sl O PSP E R T B e P RS 0 A

tooling factor(Z 4" » + AT E & RIT & 1 5 x100%) 1 FTIEK 5 1 e

Bl 3-3 VPC 748 4 si2 ¢
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C. #37 3 # #4 % ¥ (Dual E-Gun Evaporation System)

4 LEAF 2K wET I A 13155 ULVAC
EBX-10C- # @ Azsxv i e rd fAvd L > 2 B BRFEFERA A BT H
HRERDTRERBE >V 2 p b2 s F8 T 3 AR 9Tl 7 s ZéEah
BofF T H 4§ kAR Ed - b g F O E R R e e BT R E S

P RS E hTiop d JT o spR et BB R & 410 torr 1T > T A E

~=h

Jﬁi%ﬁ??\f’iiiﬁ’ﬁ&ﬁ%?ﬂﬂ?ﬂ%ﬁﬁ PR UEERE Z PR R o

Bl 34 (5T 4 F4 s 0 R

D. & 5‘]%#‘5": it & % 47 #% (Plasma Enhanced Chemical Vapor Deposition)

B 3-5(@s BRA K 2R R %R E DTN T F 5 A S(PECVD) > #
R 22 355 5 Oxford 100 PECVD cassette system i # s [f] = <1 % = v o 4r @]
o B A d A B R ARERE ~ = B 3 il (load lock chamber)® - B & 3 zAR
(transfer chamber)#7T2 = » @ & [ & 2 @l & B2 Faod Tk
oo WARIERE 1 T 0 SIOx £ SINg e 0 A BARIER 2 Pl E A w2 A
& & e B(TEOS) 5 Rt & #4 SiO, ey ff » H #7% ek &% 5 Si(CHs0)q + NoO
(or 02)—>SiOx+Ho+COx+Nz o I 3¢ §4 » Iz B 4e 3-5(b)#777 » P FNE G o bR

RIEE > 7 p RIS FRHEH =g o
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-
, —-"Nﬁ PLCilp=0

@&
i
{

gi-..--—_L
? PLCilp=1

(b)
13-5(a) THH B FApmft f s 8 (b) £ et

3-2-4 A RE
A.N&K & 35p] B %

BA A Y R Co M 0 A A AR R LS BRI RS A L
% NEK I & SR B2 ROE o 31 (e R T2 L8 46 B B e {2

RS R REESRA DR BFRLE fF SR B 2

ﬁﬁ:iﬁ”ﬂ_w.ﬁ\}m-véﬁﬂ g;};’ ’r_ﬁ %Qﬁ”%’fﬁ“’\ /Jwg‘]lli ,I)-Q‘,\‘%t‘Smescmo
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B.P-10 % & #&5z %
AR AT D OP-10 2 G BRI D RS A 2Pk rkE HAR

A" FE Db R BRI G hF MAz R R EERE DERT VU REER

\\ﬂ-\

L5 S b g 1 A s R A L 60 mm i FIP koG Mo B Tk i
SfFf RS 3 501002 200Hz £ = > ¥ 7 ¥ & 2T 5000 BEeng ol o
VU RE R BRI anEL o FL v R E d m A KRG E > A 2 X PR (F
RlPe i o s £ 41 B2 S4B AR A SRRk T L > P-10 £
BOERERRT Ok A A TR Rt o

C. 5% 4 7 53T + i (STEM)

P RREHEDERERASESE HFR T BN T S ks (field
emission scanning transmission electron microscope, STEM) k 3 e~ 2 2| 6 Rl
zacfle B R AL E R AT kT A RE R € 2 s @ AT
HF S EEA R RS R LB R D A X oy
2o FERHT o RBRBER Ot SR B &) ¥ L R R o A

po KA H ¢ R LG RK 5 i Sk Bl G B NAP) 5 #iciE 3t & (numerical
N.A.

aperture > NLAL) o 434pie B 3% > d 308 5 (0T F 5 B EFk & #7121 STEM
i it RE I T @ 1 Ao ¥ oh > % B4 chin B $0i4k 2§ & (energy dispersive
spectrometer » EDS) » 2 ¥ ™ Buldanz s i) BB N it B oA o4 o e B
AR PR A FRdsa 2 R 4 RA -
D. & e 47

*F %P e C-V R Y 235 8 Agilent 4284 precision LCR meter = = >
Mm% T RE PFR anstress P 1% i Agilent 4156 precision semiconductor parameter

analyzer k% = » I3 F R |3 1lms 0§ BRY% @ep] £.3%5:E Agilent 8110A pulse

generator k& np@;‘] a1 o

-25-



3-3 FELE

3-3-1 Cgo & WA 47

031 LRFEHE Coo WHE TR Y PSS HY SAREL T &%
gHR T At A AEERMFTATE 231 FRA R
PERV S 4e o R T AL S € 4 6.0x10° torr 1T o ¥ b0 50 RET
¢ hAEEMRY FILEEER A N A beehE

ok

Rl BB S 120A0 MFERHERRSE FEE T EEF o

DC current Working Substrate Deposition

supply pressure temperature rate
(A) (Torr) (C) (AJs)
100 N/A
105 0~0.1
108 6.0x107 25 0.1
109 0.1~0.2
110 0.4

Fo 3-1 #7548 Coo 8 -2 7 2 S ¥

A.ESCA % #%

Bl 3-6 5 Coo W te? PiRAR®E 2 EACA A45%% » 27 (a) - (b (c)~
BIEEIDE O 15 ~Si2p;p 2 Clsulr » 2P FR AN Ao BREoh- § b 0T
HAehsEE 0 12 27 nm/min G R F A AR ER TR E A F0 o T E K- §
VB 4ot B dpa %) 9700 B Onm P ¥ 0 B Si2ps, T 0 99.4 eV ¥7 103.5eV
Buind AR P REATUEL > 2 O lg ey €9 5329 eV ik i © i A
[29] o "EF 4 %] B 4eiF o o SNEBHRAA G o F Y 0 Si2pyp HRLELE F R

IF LG AR 0 @ O IgaEs §FENAIRL e S L ESF A I

-26-



Intensity

2.5x10°

—A—depth=33.75nm
—4—depth=11.25nm
—O0—depth=6.75nm
—e—depth=0nm

1x10°

2.0x10°

> ,
H15x10
[72]

2
@ 1.0x10
D

[
—5.0x10"

WO

LR
\\\\ \;‘ \‘

0.0

Energy(eV)
(a)

4x10°

544 -5.0x10"

*A*'depth:33.75nm_
—A— depth=11.25nm
—o— depth=6.75nm T
—e— depth=0nm

Endrgy(ev)”

(b)

3x10°

2x10°

1x10°

Intensity

-1x10°

T T
—A—depth=33.75nm
—A—depth=11.25nm
—o—depth=6.75nm
—e—depth=0nm

”"")’buw

‘)))))))u))

2

Bl 3-6 Coo Bt ? FiF R

e
i 55

F B RS

4 WA gAY € Coo

RIRT i A

rﬁ{ﬁ )

L
280

Energy(eV)

()
% e(a) O 1g

L
272

5o

IS

» B 3-7 #7157

> A gk > H
AP F ek RFRT i

EEATE
*

ae
i
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L
288

R R R EH 4 0 BT Y

296

S K T e

RNt

“;

tdg 2 Ceo i 18

112

(b) Si 2p3 £ (c) C 1s s 2. ESCA 4 47 5 %

85 %~94 % »
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B. Pulse program or erase
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D. Endurance
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C. Pulse program or erase
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D. Retention
B 4-4 5 AV ¥ retention time B 2B - B P A A A1 * Vp=-15 V,
toress=1 MS B2 VP=18 V, typess=1 8 e11F 2 -7 12 £ W B 7| 3 oy i {8 > 2R {8 o dr
TR AR AR FRTIH T R B KR AP T R
4 t=0 s PPER R > B PEERT AN AV=082 V e § + | » Aa
"EEMFARE > BRGSO AV §EF R g BAp M R B o B etk aiF

EE N AGEI0s PFERF 2L ST E A G 12% BT <) e

0.9+t . —o—Ve=18V1ls A
—e—\Vp=-15V1ms |
0.6+ i
- [ ]
S \
E03 \°\
z | "~
\. |
0.0} @o—o o O\O'

0 20 40 60 80 100 120
Retention time(s)
B] 4-4 AVgp % retention time R % B)
AP #3918 #EhiE R § Coo iR d SONMAEHEE 20 A pF o & it ezt
g aFan 4 3 F AP EORI BHROE SN PEFT 0] * R retention FF A
B Coofmee ehd 41 T 32 Benhf ok jaf o 2% 2% 8 Behid] kg b &
e it > BIE E 4 R Ve=0 V BF > 5 4 Coo Bt cnis /R 24 i 3 3R
Al T s 3V A R [35]:
[VG B VF B VINS ]CTOP . P
Cr Cr

V, =

WhenV, =0 =>V, = —V,NS[%+1] (1)

TOP
-43-



VinsCins _ P
C. C.

Ve = (2)
Combine (1)and (2) =
P CeCins +CeCrop

E, =-—
& EyEr C FCins +CrCrop +CinsCrop

(3)

B9 Vool TURDTR 0V i e Co L BB > @ Vs R 5 7 25
W F (R 2 AR SR o Cop > Crdt Coys P B 2415 4 & ~ Coo 895020

TRF Kl R RT R BT F o P & Co Y BRIt AL o TR 0 A
g8 &, RIS EFE 7 2 2 Coo & i /i 3L % B GV (3)” ¥ 1 TUSEF Coo '
B B ihdgip o Cr € B F H4r 58— 9 3§ = o retention FF 2 Ceo FEP 3 fR 1t T
F Egp i3 4 o F]t & retention P 2 Ceo i U h & §E e~ 2 ) A G0 J €
LF 247 rfl o5 & e iR & L B3F g o
E. Endurance

Bl 4-5(a) 5 Vp=-15V ~»Ve=20V " ty.=1s P+ Vpg ¥ P/E cycles e % @] -
d BV Ao k- X0 P/E cycle ¥ o el ¥ 0 R AVeg=099 V> RiEEF
cycle =t Bcrpfi be o e R T S ) E B A 0 T A F 100 K RETRPFE T A A
# AVEg=1.79 Vo fig2 18 0.8 » k jig e Vpg Tra g > » 2 3] % 1000 = pF
i 3 AVpp=148 Veime R & = /) o &% 100 & 2 £ 8 » & f& e Veg 2 #7171 §
Ap eh? e BB DR FT AT Lk PE 2§45 i kg~ % hif
T ooty g Rt ladg F 218 0 BE A Vp=-1SV T REF > ARAL AT %
FLEDETIFERE A ,%”gsi PR AT AT img%l—g)’]}ﬁ R T R

fed @] 4-5(a)#7ig * (A P/EiE AT T ik AR ERE 0 G LR R
Pz = 5 = P/E cycle iRl e & 0 RIGE A 2 AF AR { § = #ieh P/E cycle
s FEect B P/EEE o B 4-5(b)%F Vp=-13V  typess=1 ms £2 Ve=13V *

-44 -



tswess=1 S F¥ Vi ¥ P/E cycles ehhf (xR - <8 # ¥ 125 3] - 828 5] 5 P/E cycle p*
AT dv enig R bk:’\&@E*F""’K/)é g~ RE P ESRS  2F L PE cycle #1
F AL S R b > 9702 endurance BEATE T UAL G g A o ¥ - 2
& > %15 P/E cycle eif it 2 £ 7R B 0 #7040 & P/E cycle el A2® o ¥ i K
B Ceo EHP T XA IO R AER S R T AR AT AR ken

endurance 44+ € fdF > Fpt e f % 1x10* = 1 P/E cycle ® > % 5 7% 3k i

GRS S LR PR D A A 1X10° S pren AV i § 123V
ek o] o
. . . . 1.2 . .
0.6} /\ - —o—V_ =13V 1s
03— . 09F eV =13V 1ms S
0.0f ] o6f —* \/ ;
S 03} ] 2 0.3 1
>EE-0.6- —o—V=20V1s | >EE
—e—V =-15V 1s 0.0F ° 1
09— P - \O/ T
1ol e ] 0.3} Sl
10° 10* . 10° 10° 10° 10" 10> 10° 10°*
cycle times cycle times
(a) (b)

Bl 4-5 (A)Vp=-15V & Ve=20V ’ typess =1 S & (b) Vp=-13 V tgpess =1 ms ¥ Ve=13 V tyes =1 s FF »
Vrs ¥ P/E cycles =k 7% [

-45 -



$7% Coo? PVK R & £ X452 FHFRET

it

ia

¥

B8 B Coo N RAMCARL 20 A cha A » A & # p BT T heee
BT 2 BPHIT TR G o s S8 BEGHE Ceo 5 &P 30 RFR A P ivd B

X Z7E 0 ip#g ~ ¥ o endurance 0 2 4o ] 4-4 77 o Riptk OB R EIET o AP

A-
=
¥
N

bR AE LAY o 2 LB R AP RA
Coo 57 € RFil~ shmak T o I F H e 38 Coo ¥ R~ 5 B3 51
poly(N-vinylcarbazole)(f§ £ PVK) * & i > Ceo 4~ + B iPZ [0 ¥ 3 B 5 e 3L

KM Y endB P 5o AT KR R T i (ER= B e =g

5-2 R\ L
5-2-1 Poly(N-vinylcarbazole)(PVK){§ 4

poly(N-vinylcarbazole)({f # PVK) 5 — 83 $5% H » 8 1 dcFl 5-1 o1 -
PVK Z4REEPEF ¢ kv BF TN EH > 773 2 Hpbik A 4

F s FH B G 3 En-1.696 St if e kAR Bk B0 G A - A 5-1

AN PVK fh= ARG 1 S s T g DB RTRE G W s o F

\

RAFF 356V @ F 5 B2 Cokehd bz 47 1% Farens & kg
oA 0 R R G A g eni B R RABRE AT E (E Y k8 CoodpiR i

AR ERA O B8 R

—(~CH-CHy)-
Bl 5-1 PVK ;Hﬁfr % B

- 46 -



Materials Ionization Optical energy | HOMO(eV) | LUMO(eV)

Potention(eV) gap(eV)
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