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Study of High Work Function Iridium Metal Nanocrystalsin
Nonvolatile Memory Application

Student : C. L. Chu Advisors: Dr. J. T. Sheu

Department ( Institute) of Nanotechnology
National Chiao Tung University

ABSTRACT

Recently, nonvolatile memory: with nanocrystals (NCs) has been widely studied to
overcome limitations of :conventional” floating gate memory. The use of NCs as
distributed floating gates<minimized-the problems of charge loss encountered in
conventional floating-gate devices, allowing thinner tunnel oxide and, thereby, a smaller
working voltage, better endurance and retention, and faster program/erase (P/E) speed.

Compared to the semiconductor NCs, metallic NCs as floating gates possesses
several advantages, such as larger change of electric capacity, stronger coupling with the
conduction channel, a wide range of available work functions, higher density of states
around the Fermi level, and a smaller energy perturbation due to carrier confinement.

In this thesis, iridium was chosen as floating gates for its properties of high work
function and thermal stability for NVM application. The metallic thermal agglomeration
was investigated using thin iridium films under different rapid thermal annealing (RTA).
Mechanism of nanocrystals formation has been investigated. A MOS capacitor with
iridium NCs (Ir-NCs) embedded in SIO, and HfO, layers has been demonstrated for
investigation of electrica properties. Furthermore, incorporation of Ir-NCs into
process of MOSFETSs has been demonstrated for the feasibility of this study in NVM
application.
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i % (charge 0SS i » ¥4 § § 2%k iR 4 chbbin » FI T LR B fe h

f¥ (Retention time) 4-%]1-10[13] -

14 Measurement Temperature: 300K
e + Ay B Ay
- b #P &S
= 1 &
n L L ] L e ™ ) @
-
I S :
= 05 *
'5, 05 -4 * -
= el
=
™ 0

I ilig ' 1o

Time (s)

B 1-10 7 I £ % 2 5F & %4 retention timef»c % [13] o

Fohd s RMAREE FL AP TR ARELEL A WA 2 LT N oRl-200d 42
- BT RAERRORL o 2N %ﬁir%fgﬁ’» N e d B R0 = & BB Threshold
voltageii o> ;¢ ¢

Q'sp (Max]) Q
Vtih=—"7-——"2 20 - —— 1-1
< + o 2 - (1-1)

0oXx 0ox
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g('\ St
ArS)
I

<

ns

(/)fn

D
]

%ok A

FLETF
ERFEEMLF OB
Fé (Fermi level)®| & F % st it k& (Intrinsic Fermi level )ingedg

FiAY TRE

-E =R lBi “L‘E"; g_gr‘rrl’* ’ ﬁk{*ifriﬁimﬂ’l{ /F{_',’T J;‘Z -Eﬁfg.'zvthmiu- % F: ﬁx;g"‘ IE_# ,T}‘q,\F "

Lﬁﬁ\;&r—r :

AV, =-

AQkc

Cre

AVe =TRft TR hif #

Q = HHR

wmY T FE

FG
C,= EFMELF -
dep = KT LR AR Bﬂafgf‘,gln»fmfﬁ%uf > Q<0 Fpt g 1t

%%EAMVWm’ﬁF%’géﬁ%WwWHmm+$ﬁ%’é ¢ che

Avth <0-

SR 1-2apF T Bz o SR o LR 1-11 -

_— .5 .m‘-ﬂ = 5
z 10s Al I = w:| Pt .'.::ﬁ":nn
- = i ! o
S 10 . = 10 o
E Fob E * "4
L]
,.= 10 » - T _2 - :'_ l”l - *
- v« WL=3um/6um :..= ¢ #W/L=3um/12pm
=10 o= # +Fraze @10 - + Erase
i . = | "'0* .
= 1. & Write & ® Write
) e 10
n  } & [ H Rl Q 2 : 4 -] &
Gate Bias (V) Gate Bias (V)

Bl 1-11- 2 B2 # Sz BT AT By @[13] -
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CEEE
T Q>0 R



TEAI-25FI* RTAZ 2978 (T2 X HWAF F & B AR R oo g™
AR 3 F ek (Size)fr R Rt e ATV F A RTAZ 2 cnl 70 B &
BR R IRI0Y  Rm R VO GEHAIEZ T AL R S MY 2L E R
- el o e

Z 1-2~F1* RTA 2@ ish hkeng B K Htant o

NCs Densit Diameter| © RTA
material Y lsize( nm)im(eV)| method

Ni 3.9X10" 5 5.15 | 500C 60s

Reference

Appl. Phys. Lett. 90,
222104(2007) [9]

Appl. Phys. Lett. 90,
132102 (2007)[14]

900~950C IEEE Trans. Elec. Dev. 49, 9

Co |2.13x1é% 6-8 5.0 | 50@C 60s

Pt N.A. 2~3 5.65

30s (2002)[12]
) 900-950C | Appl. Phys. Lett, 87, 113110
w | 5x10 > | 455 30-120s (2005)[15]

R LT

A g AR T 4 BB R CMOSHIARe 4 7 i 4 0 B 2 eHhCMOSH 42 € 7
o f a2 WAz @Y ¢ A 24 3 % thermal budget thermal budgeg SERA K B R ena) A
fexol- R TG AT T o FAEHNRBIPEB A T UL B
# #& fie self-aligned % 4z - Self aligned procesgiF 4 ’i} SESE ) TR L ES T
s & * g+ i 42 (lon implantation}-i2 v (thermal annealing) ¢ T}“? ME AT SR
o b il A eh g TR AR S F S MR ehE (T e AT I Z B T3 2 P8 I0Oxh? }]%
[16] & #& Sk # B o fE T b en 2 > T F RI1-12% 841 * X-rayx € + F3# &k (X-ray
Photoelectron SpectroscopXPS)2 4+ #HrOyen4 & % F ens 47 0 45 E800C 20min
BB E 2T o Ir Afchpeakk R AT shifziE P T AL 2 § X DRI SRR - F
R AP 2ALD 4 £ %8 T » iridium ~ siliconfroxygeni =+ #+3tsputter pF fF 7 & 4 <
SRR o ¥ b s FET R TEMP fuhs 538 P 022 F LM 3 B WAe G %
SR AcT TR A VURIT MO ARS PR A RIS RE

i@.)\,%iL °
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o

7 P
64.9 eV £ 2y

~ 12 | : S

n ! —
= &

5 %ﬁ\ oz

. 9Of a\ a
-E : ll '\ 20 et s
G Zﬁ ‘W =70 5 10 15 20
> 6 : Eﬁ\ Sputter time (min)
E _ ; o after anneal
2 | 61.9 eV ka before anneal
c 3r §
= | &( O OA0L0NG

0 | | | | L | L | L |

68 66 64 62 60 58 56 54 52

Binding energy (eV)

) 1-12 ~ Ir 4f cn gigs 639 0 aiqeid U (S it g 4B 5 XPS depth profilegd
iridium » SIllconrfroxygen),%r+ o [16] »

IrO, dots e

S y.itial
@
m ]
4
@ - :
el ;
: L
o X
. -10 0 10
wlthcc;_ut_l:_lnﬁ _wa_ltagel'_i{l i)
. Q O '
0 600 700 800

Temperature (°C)

Bl 1-13 11Oy % # BLA5B1T L 2 (2 $HE % % B F 5 MO h TEM BIA T 52 4
IO, 9%t fe fo ¥ B 4BMIM A~ 5 3 IO, % o Bhenpsid o 5[16] -
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1-3 F a2 p i

AFTHEP PIRG OFRAAEHPERAL T2 F WM PR FEL XA R
Amv i - BREDERLE AN
MEF e s e T A 2 3F

(1) Usemetal Nanocrystals(i¢ * & &z F & 1) :

AT EE LSRN KW E # Sdkc(high work-functionyniF gk » £33 3
=ae ¥ kM igretention time -~ "g% Geniae 2 R 7 WE & (tunnel oxide)
L#eaflrlrg @3 pRAF v OB frv 8 7 30 8i(95.27eV)>
STILITAR B4R G P 0t R R i A5 &retention timenp R o iz P R A
3 ois i B tself-alignedn® 42+ & o

(2) Usehigh-x material (¢ * 8 4 & ¥t f) -
Ame R 3 AR GBhH R R gk R B 4R REERE
#% % (blocking layeryn FhE s~ 6054 Bl 1-14 ifd W e R E >0 L %
Blod 2t CVi=CoVy “5 § 1EG B 27 8 (C1l=Co) %~ PFH #TI IR ™S € VL i
)o@ F R R R Bk (Cr=CsetCatCp) § 0 #ie % » ipfi— kAT T L}
A

P A~ A 1 B E SR (R Sk -

| CONTROL GATE |
c
FC
—

| FLOATING GATE |

I | I

c c c
—%s % —1 ‘o
SOURCE DRAIN
SUBSTRATE

EB @ B 0L E RTA AL AR €11 SEM% RE4 % -
HEA B F ot P T - BROLE AR £ 2 1Y 0§ 2 Sl flE R

A I AT R M T R Ak .
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U iE g AR B AR

2-1 7 & 341

P g ¥ Reni@ ¥ 345 A - AEH T 32 ~(Hot electron injectiony - &

= F-N % i% (Fowler-Nordheim tunneling) 12 = & & MEE NS T A E2 g
- BA2-13 WV EGE S S HdEd e BASH P ha st i 455 M j&(Floating
gate) (Hg FE o kiR FHMEOT = 2a LRI A LA U & 00 aur
fi o

2-1-1 # 7 + ;1 » (Hot electron injection)

7 F~ (HEN 84 S 03N B > — T + 832 9k ik(Source)g 7 i £ /1
A& (Drain)# & > % 4cif T H4g:8100 kV/emy 7 + ir%*p & 49 chwe £ 5 3824 M & (control
gateyc g > v I ¥ 7 AKSIOxiiy [ R 16 3l i3 8 W HR(FG) » (Ao B12-1)H % e~ 7] 5 24
Hagi » DIFG Flpt 4 3 # A iz IR % AL (¥ Channel hot electron injection(CHE!)

BT (HED g B Ap-id - B 5 TREAE . ST AL R TUE S e S
B FE S AL EMY R BT+ 5100 emlisy B R AP R iR 2
Ap g erze it F-N 3 sgeiid B B B F 15 108cF) (1~1 us) Flt i F * A S
»FE R R -

2-1-2 F-N 7 *%(Fowler-Nordheim tunneling)

7 %18 41 (Tunneling mechanismi_ig & + 4 & ¢ & » 7 # > 4£;Y(Schrodinger
equationf 11 cr 4] o 3 At L F I A o TR PR E FERE T I B AEE S
WFFTETIPAREZALED HE PR AT RBRE S RS £
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h}

A F a3 3 A RORFTENREF R AL FREE TERE P
B AR B RAe et H o F PR ARy HRER g o
FRAET T EARG 45 BAEE - B EE &7 (direct tunneling)y ¥ ‘h - i EF-N

% ¢ (Fowler-Nordheim tunnelingj-%- % B2-1[17]- 4 & #-§ it -2 %%ﬁ(MOS).’rﬁ.‘%fi&
Ko BRTEF L P Fend K 0F o (SI0<3nm)g F R TR T ISR %
L AR /_%.}iif LiRERF S F PERT WIR % o AAA F-Ntunneling 72 Bt 2 455 3% > ¥l &
T g FMOSHE TR R A o @ @ RIE PR A o G0 IMOSEHE kiR
TR DT R E R nF C K E T RE ] 4oB2-2 F T FKSITHEF A iy

T} Flpt A o g d R E T A1 * F-N 7 % (F-N tunneling)¢ /& #&(Sourcey i + %
%7 % % & (tunneling oxideJ| i ¥ d Mia  HFHPF TR T3 fr“ug A8 (trap) e d
% % ¥ it & (tunneling oxidejriy#41% i & (control oxide}. & chizic # p (4-B12-3) -

Y
Program Current
< 2-5mA
- Byte program
S
-4

Program Current
< luA

—J I% Fagc program

T A

B 2-1- + B 5 HEIl 5 ™ Bl 5 FN-tunnelingfi-;¢ 3% 17 &~ 2 a7 & BI[17] -
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thg=3.1 eV
Ep l.
EF ______
Ev —
L EC
_EF
\r - EV

TR
|poly Si:n* | Si0,  Si:p
] 2-2~ F-N tunneling= MOS & 7% & §l ©

[
I
[
[
|
|

Control Floating -
!lﬁll; gate &
o H___,.-u-"' M
o E.
L X ] e =
E; Ep
Er =0
E;
A
L— ol

Bl 2-3 73 B U FGenmi 2 2 ¢ [18] -

# 2-1-~ CHEI 4= FN-tunneling+* #[19] -

CHEI #:5¢ FN-tunneling #ics¢

Low power consumption High power consumption

—single external power supply —complicated circuitry technique
High oxide field Low oxide field

—thinner oxide thickness required —oxide can be thicker

—higher trap generation rate —highly oxide integrity

—severer read disturbance issue —low read disturbance issue

—highly technological problem
Slower programming speed Faster programming

17




e
2_2 ‘? Eéi\’ 7”“%&-
T- @ EFAL AR PR R ¢ FFAITDE K LMW RFT R T

FRBOUTEER . L& HPF AR o
2-2-1 % ¥ & 48 ¢35 2 (The process flow of nanocrystals formation)

Ao B SO RAFIAF HE S AR HRH BT
(1) * P-type (100§, 7 i RCA clean:ed® 4o 2-4

i RCA clean

(2) ‘i RCA clean 2 {5 > # 950CHcs ¥ i & 8nm 4- ) 2-5 -

@ 2-5-~ -k T % ¥ & Dry oxide 8nme

() £ = SiO; 1541* N&K #Aipl 5tk brgsn s sk &

(4) 2 i f1* &5 % % <0 lon beam sputtetx £ § Ir Hechdp4e (LT F R 2-6) -
(5) fi* RTA# AR+ 4 F Lkl (L7 7 H 2-7) -

(6) FI* HE A 45tk 4o SEM~ AFM 4o XPS % gt chd 15 o
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W 2-6 ~ 1 * Sputter& Ir ¥ o

2-2-2 & % e i¥(The process flow of capacitor)

(1) * P-type (100)fe i& 1~10Q.cm 1, & # RCA cleans4iJ2 4c ) 2-4 -

(2) 5% RCAcleanz 1 » i€ FE -k Thp¥ 950CHc5F i* & 8nm4rH] 2-5-

(3) * N&K %E ip| B ik ta SIO, crrm s fs AL & o

(4) F1* lon beam sputtetx £ § Ir ¥y 4c 4o ) 2-6 -

(6) FF @ g T 1% H AN DA RTA L 4o §] 2-7 -

(6) AFI* g7 =+ 745« ¥i(Dual E-Gun Evaporation Systepm)HfO, ¥= 4 » & 3 X
LR E B 4T Haredgk 30nm(Highk blocking layerye—™ F §] 2-8 -

(7) dE=hF AR g 2 17 Densify b ehE8 5 7 i34¢ H 2 7 42(PVD) R 2. ¢

R
(8) %A 3k & 45 % si(thermal coaten} 4548 7 #& 300nme

19



(9) * % M AR TE NED BDEA -

% 2-8~ 41 * E-gundy t HfO, & 5 o

(10) 1% %1483 % (8% Al %% = HO +CHCOOH +HPQO; +HNO; ) » 4c #4 &
40~60C 4 e 4m& % 3> @ % T| sk b (83 s 3 || g B Al A B YR E8

(11) & o P-Sub& %+ 4+ AI300nm T & » AR Tt 5 0k o H R 5 KBS
4o ®) 2-9 -

(12) #-2 & hg

4

FRRALA T -

W29 %4 AT 5 ST L -

2-2-3 = i e 1¥(The process flow of capacitor)

(1) * P-type (100)fe i& 1~10Q.cm =1d 2 # RCA clean:EJ2 4e ) 2-4 -
(2) *-kTyp¥ 5] 1050 £ ;&5% § i & (wet oxide layee™ T Bl 2-10-

20



 Wet Oxide

CEI2-10~ ¥ kTR E £ 4 SIOp -

(3) * 3 k@ a2 & 1 Source/Drain % i (Define S/D region). 4 * BOE 4
%]i% etch SIQ 2 & §] 2-11 chig 4 -

(4) %% 1 SIDeh% 8145 m® T ongt+ # 42 (lon implantation g h i 1 o
(5) 2 t&* RTA950C 30s2 s it 28 SIDen% 87, = n'4r @ 2-12 -

%l 2-12 ~ Implantationz_ 15 #* RTA #% i+ AJZ (activation) -

(6) z &% F %z & a$ % (Activation area AA %)z {5 » £ §1* BOE etch?
eSO, » 4o F Bl 2-13 -
(7) F1* kx¢E 950C & Dry oxide 6~8nmi4 % tunnel oxide: 4[] 2-14 -
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B 2-13~ =& AA F o

B 2-14 ~ * 5 ¥ = £ Dry oxide 6~8nr -

8) *FEEEZNH M

£ * Sputtergg + Ir

S5 o Sk pe (FH6400)5 3% S/D regions

Ir film

|

® 2-15 ~ i Ir metal film -

(9) #= *re* 7 fr (Acetone)Lift-off 2 "faciE {55 it RTAE (TR AL, X 2 F &
o 4o 7B 2-160

(10):}%—'15 F1* E-GUN T + &7 HIO e i A redg E G Ir 2 4 ¥ > 28 &4
* § 5k g_d' contact holek 14 £ * BOE etchts » ?f#%-dﬁ_x‘é@b; ¥ % Densify ¢

# i > 2 4 blocking layersi defecte & % 4™ F B 2-17 #77% o
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B 2-16 ~ ke Lift-off {5 53 RTA @ 3= % F &L §8 -

Wl 2-17~ * E-gunir ! fe4g k& ¥ 32 B contact hole

¥ 42 91 % = contact holeg + — & 300

nM s4E > 4= 2. (6 £ 2 g ~ % 91 % (Define contact pad) 4 % = 4o
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ERV N UK i S2RE X el ey D

3-1 % fo A eh7) &

B e gLiE Irnanocrystal 0 AR f 34 1-2 4k Flene w0 X0 G PR T 0
Y A M FIAR B dlIE Y o B A A e e S 4 g Y BT A
FEELRB R AR R K MR R AR (density 1) 2 o S M ] oAk - RILE
(size & shape uniformity 1 ). 1= ﬁk{*ﬁ*“ SEOR B GE oG 32D HAG §

B P % 5 0k B ek R o
3-1-1 &/ & 4oz & LMWy S

AEFr SO e Ir & BRG] 4 08 R 0 BB2 F hr L BHCR 310 427
E AT RXETA G - > AFREERFEREL LGN o F AR A
u] 2 Water ~ DIM(diiodomathane) - EG(etholene glycol)+ & j& @ R H &Zf§ & o 40T F
Bl 3-2 877 chid % » F & BT ey & chlicdpde™ £ 31

B 3-1 ~ &8 & £ Rlm L H[20] -
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Ao - EAITY
Blase Whh = 38888

Waltea—
Angle=34.00°

Tngie = a0
|Baie b = a9

B 3-2~ = fENCH = fERE g £ B R E

Fo 3-1~ % I PV = BIRE TR ORI dR g B IR o

Water DIM EG
Ir metal film 84.09° 40.09° 53.98°
SiO, 46.88 4557 17.72
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AR A S e 20 T A gD L B d oG %k 4 (surface
tension) » # & 3k 4 hEH =i mIm® kLG PR IE RS ST hd G i enB = (surface
energy) > FltF Bk F B £ G SR 4 f R0t A G adp itk o 548 Lifshitz-van der

5

Waals (LW) 4= Lewisacid-base (AB) 2

L A A A (3D

v FHEAFTIUE T AT REBENT

e W2 s im ogm p s - AL dispersion(apolar terms) @ v "B R B 4& it ch3E P (polar
terms) ¥ 2 A & § 3 % fi (electron acceptor ; ¢ ")fo 7 + #% i i (electron donor; v ) » i 7
SENRENF AR E - Apehik 5o A7 § % 1BYoung-Dupre equation 1* T 5 975 e9(3-2)
NV Y NERZEFOR e hd ek o

(1+cosh)y, = 2(\/ Wy W +\/ysyL +\/ysyL (3-2)
2o = priaoy™ s Ty i e

Water : ¢ "™W=21.8mIm? + *=255mIm> » =255 mIm’
DIM @ o"™W=20mI¥m?® ¢ *21.92mIm* -y =47 mIm?
EG : ¢y"W=s0mIm® 5 *=0mIm’ 7-=0 mJym?

Btk FLTERE D kG kot 6 EF A (2N B2 2 AR ET UL W EF PTG oend

i

o0 i g (BT U E I P E R %o o

=

. T

NA-

Irfilm @ o "™=39565mJm* ¢ *=3.611mIm* 7 =0.055mIm* v <=40.456 mJm?
SO, film: ¢ "=36.705mJm? v *=31.208 mI¥m? 7 =0.897 mIm?> y =47.286 mIm’

d T e Pid e AR AFRERSERFETRT DL G %S kjEH
F—F A6 o784 cheniT 5[22] 0 AFMI-AM 2 Fr - B R o s (interface energy)
AG H 7 & RBl4-® 3-3 -

Boae v Ao RfrigZ B A G R4 ApH

F_&

>g

AGU Yoy =Vav + Ve (3-3)
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Ysv

\ YaB
Ya
. 7

Bl 3-3 E 4o FM 2 B end o 5k 4 7 4, BI[22] -

) R S R R
(D) VY > Ve +Vag— Frank—Van der Merwe Growth :
RN S R i AGSO BIM § frEIM A F 2 g S AR S
= B (R 3-4) -

[ ]

-

B 3-4 ~ Frank= \fan der Merwe Growth -+ %, B[22] -

(2)  Vay <Vay + Vas—Vollmer-Weber Growth ( “V-W”" ) :
PR G R R A AG0 pF i kg P SRR R A G R G
it it P B E4oB 350

& 3-5 ~ Vollmer-Weber Growth 77 3, BI[22] -

(3) Stranski-Krastanov Growth ( “SW” ) :
3% - Bied - B2 G 7 end ¥ fi(lattice constant) > i & 4 e
wAFAEIUIN T EORPE AP RFEXIIES S a2 R e
% 0 tl4e Ge e SI(001) F & 3 ek iR 4o ] 3-6 o
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OO0 00 o

] 3-6 ~ Stranski-Krastanov growth =7 %, B -

FIEFR A BRI end B R4 o BdE r 33X T @I AG O -7+ Y AB I

SO 2 Fenfh dehd G 364 »d WA B2 AT AR BEY s YeamE
A o IR RAER AR SERAILT 0 TSR G 5 AG<O» #7102 & 2] 3 Bk B

fARRIEIEE > FRARIEIERRECAFFEEREEN e w2 REFA
G>0 & » Vollmer-Weber Growth =38 » 4 ﬁf‘u{f% PRI E A PR 5l A
HA-AF ¥ i RTA «0# 47 Kk Bi® manocrystals -

3124 5 &£ BWE R R

d % lon beam sputter §_~ F S A 3T ik B> $0 42 G chde 4 R o b0 B e i
FARMOTHRE > Lot v AR PYD RS L BR §EFHFITF VR CArF
WiEE ~QCM 2 it - BRPAEHEFFAL T EREDLE - FILAEF 2 K&
BT 3 apFiz > BWEF R A T ARSI LA MRk — > TR
TR L A TEM §3 e BlE 2 3 s o F* vz s S KPP+ E- & 7Tnm 4
thermal oxide z f$ £ * Ir #=4+ & Sputter # > ° &¥F G 1 » 44 §; - QCM E w4 5 5
1.5nm>- z_ 5 41 * PECVD 4+ 20nm 0 TEOS oxide- * — # B £ 4 %] i SEM % 1 JEOL
JFC-1600 Auto Fine coater 4= Pt * 10mA &4x 20s frdt+ & F & & #céi(Focus lon
Beam; FIB) e B 457 # 2o chsample oo £ B R4E- & Ptr 2 (S E P23 TEM T
YT ER37 5 TEM 2o Bl BP d 2a +&5&&7 Si-sub~SIO,~Ir~ TEOSSIO; »
Pt(sputter)f= Pt(FIB) F]4t 7 12 & TEM st 6] & # 3 £ Ji Ir ehh B KB ¢ @ 5% QCM

L 15nm srpFEiEE o Ir L 4.5nm -
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-1-3EAHE K SR M

3117 A5E RTA R k@l 2 4 B> 2 E4ck B R 7 5 eid o #1400 802 5
P EFN R G T EE S O(AG0) G KA E A A R T A FAH
R TARM AT Y o d N EF AN A &R B P E GRS 2466C 0 B F R4
B Pl 2 % 54 Ptir W enflg i 25 & $5fie 2 4 858 CMOS W A2¥ i 8 3| g & >
* A7 7 iE 2 600°C ~ 700°C ~ 800°C ~ 950°C eh % 2 k7 » & RTA 2 {8151 SEM v
AFM 2 @2 F & BWrrinends (T o
-l B RS IEAE > A g B 5B TEM el 2 5386 B
6nm> a RTA PR % 5 60se %% 4™ F B 3-8 3-9> jKR@+ ¢ ¥ up %Em#p d1 & 700
CHa L3 28 S8, > B 3-8 (@R 5 particle 24 Ir-NCs > @ 800°C %] 3-8(b) =ip#
FERRE ¥ IrgvER 4 F B0 o A 800C #ra ks X A A K &
B k-R> TP RRELS FHF o
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=
<
el

O50°C ] & 7 12 % FI Ir % 4 S M) 42353k » A &7 § 53 (W 3-9)2h SEM
H

Hi94 4 BF R o a2k TF 38 (0)L § R SEM e i

e F 3 20nm e 0 A G R A B S Tl R R e

(a)700°C RTA

15060 X100000 100nm WO 7.2mm

(6)800°C RTA

%1 3-8+ 5 RTA 700°C ~ 800°C fr 950°C 60s #: &2 1 SEM H] -
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SRR L P BERS S SIELIE RESEET Y L N R

Rt [ feil@ VR R T F 0 B A e ) & § RUAPBE aRE A o

500 (0 100nm Wl f'n

%) 3-9 ~ E] 3-8(c)= ir & SEM B 4l o

Fl-44 s HEEREZ A BN

B 12ehy prw fenl Al R I E RS A § B F AR F RTARRIZE (& 3
F M hE G AR E B AR L8RFE AR T T R RAEE AR PRI
SN FAR R g A - ) &AM AFEIER T R RTA #1402
WARR F 22 Ir i f B o BoeMFATAY > AL S FL AdednanIr £ Bt
WA o

PR EREFR S AR AR o 8 #{2@ sputter P e b B Bt ok pagr
Bl - ENIRTTRIE O S I B R S 6 nm o FL g 5 RSREE  4 AT
45nm-~6nm-~75nm-~9nm gz B R anlr & B i 9 950°C 60 F) ehd i
L2 ts* SEM fr AFM 4 s 45 » 407 F { 3-10 0 33 1] 3-11 ¢
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4.5 i Ir-on 8nm SO,

» 7.5AmIr op 8him SIiO,

15.00nm

B 3-10~ * I & BB B & RTA 950°C 60s #: A2 5 SEM £ i o

B 3-10 fr &l 3-8 chfifai 3 2 I > & FIE_F] % B 3-10 Af1* FIB ¢ < SEM #74p 3|
ks 50 3 B o ot A SEM RS20 8 B 5 - B enA R 237 2 R 3-10 16
nm Ir metal film RTA i8 {8 5 SEM Bl ® ¥ 2 & 4F Fx

= Pl\} 7

SR e )RR R 2w AT 30 20 nm e
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Digital Instruments NanoScope
2

Scan size -000 um
Scan rate 1.001 Hz
Number of samples 512
Image Data Hei ght
Data scale 20.00 nm

Vview angle

¥ light angle

X 0.500 pm/div
z 20.000 nm/div

m
o 15.000
Digital Instruments NanoScope
Scan size 2.000 pm
g Scan rate 1.001 Hz
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