EPREL L HRE ePaper

I R
F AR VREHFE AT
TP RR2ZFY

Effects of N, RTA Treatment on Reliability of
HfS1Ox High-K Gate Dielectrics

&

77 F) . ?i@

iHm 1T I ®

g 5. 1 D9530185

Bk pe o Rl g

oA P B Y (2)

Bk ko 23 18

BaSE 98B ER §- 81




FOL AP F AR AETT ARLET

iF &

k)
SRy
r

ml{ﬁ7——oﬂ\‘ﬁ%§ﬁz—pi,{]$| lﬂ_,}é] q_ﬁj;%‘ir% Tﬁj‘}i“ﬁaﬁ:

i2 1 (Rapid Thermal Annealing » RTA) &2 » T 2 K 5B § F #4313 L i

Rap § LPHEANTAR RO FEHETRET ARAAF cREFRY
W F BRIV IR hA R d 0y TR AR O T AT IR

B (V) FHER L > R AE/T I ERF o # F TR (Voltage
Ramp Dielectric Breakdown » Vypg) ° I ¥+ FHTRBRCV)EFRZ
Bl b mpe] DBFRAEBFTLREHBE - R iEd T O
(Weibull Distribution)# #U3g iR » 538 Ny RTA adZis e~ it L 5 # B
7 Tppesoo B ° P PFs 3 i e TDDB # L& o
&%+ HESIO, # 4841597 3 » tkJp TDDB # |2 Bl4p] > d *+ 3
TRFETDRFILFFHOBEFRT LT REFTH L A 3

eI g o F Kt (Oxide Trap) A 4 » ~ 2 f g FRF A4 R
A A {2 2 & (Hard Breakdown > HBD) « ¥ ¢t > 58 B if N, RTA 2
{s e HISION A R & > d 3l h M ERAPFR RE  § T
HHIFEFA08 LPFRF A 2 5 oenf prd 3 5 (Soft Breakdown >
SBD )&% b3 ¢ # 7F(Progressive Breakdown » PBD) » & 12 & # § #ceh

ERAAEHEFRG

i S sese ﬁlﬁf] ePaper(2009 )



FABROVEIIHPF PR ATV AR
Bofe A BRI DA TR DA FHG 0 AR 57 (Accumulation
Mode)™ » £+ d Miksfil » » &5 /1% G#HFE A2 3R 54
FIERRR I BALRTLARE BB RN R AT REHEE A
Bk R R A MR FIp AR AR A E A d 34T Gl A

G ?«fi&-%‘%}‘ 4 4 & A (Interfacial Layer)® & o @ Jt 3% » £

i % TDDB 1 b - 852 s a4 KA RYF SR -

MEEF T @3 1 ah s R A TR AR T R 1T s

ii EPIAEEY iél‘éf] ePaper(2009 +)



FARMIVARIIHFF BTV ARLAY

Abstract

As device dimension scaling to nanometer regime, the ultra-thin gate oxide
(S10,) reveals large leakage current. This large leakage current will degrade device
performance and increase the power consumption. High-k gate dielectric, such as
hafnium-based dielectric, possesses higher dielectric constant. Thus thicker thickness
of dielectric can be used and reveals low gate leakage current. In this work, we study
the effects of rapid thermal annealing of hafnium silicate (HfSiOy). These include the
electrical characteristics (IV and CV analysis) and reliability of time dependent
dielectric breakdown (TDDB). We use the constant voltage stress to investigate the
TDDB reliability.

From the TEM analysis, we found an interfacial layer about 1.85 nm between
the HfSiOx and p-type substrate. There is not obvious increase the thickness of
interfacial at higher RTA temperature. For reliability testing, the time to breakdown
(Tepe32%) of Weibull plot and ramp voltage breakdown (Vgrpg) will increase with
RTA temperature. In CV analysis, we found the hysteresis of CV is decrease with
increasing RTA temperature. This because the oxide trap decreased by the RTA
annealing. And the breakdown behavior shows more clear hard breakdown and better
reliability at higher RTA temperature.

For breakdown mechanism of HfSiOy gate dielectric, we presume that charge
trapping in High K film resulted in the gate leakage current is decrease with
increasing testing time. After continuing TDDB testing, the percolation of oxide trap
will lead to the conductive path in the film, and result in the hard breakdown happen.
In other hand, the effect of N, RTA annealing treatment on HfSiOx gate dielectric,
there are soft breakdown and/or progressive breakdown phenomenon happen at higher
temperature of RTA treatment. Presumably, the microstructure has changed after
RTA treatment, and the charge trapping and/or de-trapping resulted in the breakdown
behavior. Finally, when the oxide trap or defects form the conductive path in the film,
it will reveal the hard breakdown phenomenon.

For the breakdown mechanism of HfSiOy with interfacial layer (SiOy) under
accumulation testing mode under various RTA annealing, we presume the electron
inject from the metal gate, and produce the oxide trap or defects in the film. The
interfacial layer (SiOy) reveals lower dielectric constant (~3.9), than that of the
HfSiOx (~ 12). When negative gate bias applied the gate electrode, the lower
dielectric of interfacial layer will reveal larger electrical field. This large electrical
field will let the interfacial layer produce breakdown earlier than the bulk HfSiOy
layer. After long testing time, the soft breakdown is happen in the I-t plot. After the
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soft breakdown happening, the larger leakage current through the gate stack. This will
lead to the hard breakdown happen in the I-t plot.

In conclusion, we found the nitrogen rapid thermal annealing is beneficial to
increase the time to breakdown (Tpp) and breakdown detection in the I-t plot. The N,
RTA treatment also reduces the hysteresis of CV curve. But the higher temperature
annealing will change the microstructure or crystalline phase happen in the film.
These will degrade the CV characteristics. So the gate dielectric performance and
reliability need to be trade-off. Finally, we propose a breakdown model to explain the
TDDB behavior. We presume the interfacial layer is firstly breakdown, and the

HfSiOx occurs immediately the breakdown.

Keywords : time dependent dielectric breakdown (TDDB) ~ Silicon Dioxide (SiO,) -
Hafnium Silicate (HfSiOx) ~ Nitrided Hafnium Silicate (HfSiION) - breakdown

mechanism

iv EpIAEEEE T iél‘éf] ePaper(2009 +)



\s

1"30

=
(Y

-nu

R ST RAER LW R e A F P B

ik FAv o BAE E pedo e @ Gkl 0 - BRI LS 0

4

SRENRE AL L R AR R AR R A v f

N4 ) p N +
\'m"g.‘_/é ° li’—ll'L

SR A B BB L hp- &R E Y 4
BAD AT R AR S o RS KEAF S LA BT
LR X RELEFRARAPEY LB A S EHT. &

ek T A WL AR L @5l @ R A R

7=

B AT A S JEREFE FEDIF S B4k o
AT BREciEAR Y 2 TR S E L penFet g £ By
BHE S B ESTL IV ERE FFESE 23 0
ERAT R AR RO S ke Vb R

BRI IRE ihEL AR O BALEY AR
Bfs o RSB E A H R o B f RS

Flot o i F AL g LAY A p B np R o A

ﬁ&;&%m@ﬁo

v IS ) cPaper(2009 )



)
e

F ARV RIIHP F PRI T RAZFY

1-2F T B oo 2
Fo2F BATHELBERRZE i 3
-1 B AT e E e e e s 3

z_zji%fﬁﬂk}@ ...................................... 5

2-3 % i Mk FE F =4 r(Oxygen Vacancies Trap) 3@ #; - - -« - - - T
R R Y - R R R 9

3-3 7 § 1“4 (HfSIO)E § § & 5 (HFSION) # i 484] ----- -~ 24
% T i : %%ﬁ ............................................. 28

2’*‘%’ > }?FJ% ................................................. 29

vi EPIAEEY ﬁ’éf] ePaper(2009 +)



—

ARV RHP PR ARTT ALY

<l

vii EpIAESEL ﬁlﬁf | ePaper(2009 F)



W4 &% v F-L HE a8 (Metal Oxide Semiconductor » MOS) ~
By VR gd His 3 4T k#ici ik (High Dielectric Constant »
High-k)B~ X i & eh= & it # (Silicon Dioxide » SiOy)#1#L o o MG 7
ol 2 F e v K B R (Equivalent Oxide Thickness » EOT) R 2 ¥ &
Si0, & G & ;2 & * »*4& & (Ultra-Thin) R &% ©* & o

High-k ##L & & & Jf & 5 &% hEOT- 17 2 & # % % 7 i (Direct
Tunneling Current ) o & P+ enig [ B B~ & Rk FRET g 4 0 7]

B ¥ B MR ehi B (Bandgap) o BAE A T K - 45 5 20<K<60 ~ Eg

P ¥ 5B~ SiO, eh High-k #4L» # ¢ ¢ 2 = 5 it 45(TiOy) »
= % i 45(Hafnium Dioxide> HfO,)~# ¥ it 44 (Hafnium Silicate> HfSiO,)
%> H7¢ HfO, 2 HfSiO#:0 5 22 3 B M T 4 8> T 7 drdlE
EITRR o PRE G REB OHEEE S ok 1-1 277 o R @ > TIO,

ARG ER A T il LR A KR A AR E 8 R

I EEPIASE  cPaper(2009 )



ARV RITHF § Y4 TP R Y

21-1 3T REHEANTFEHREAHETR

Dielectric Band Gap
Material AEc (eV) to Si
Constant(k) NEg (eV)
Si0, 3.9 8.9 3.2
TiO, 80 3.5 1.2
710, 25 7.8 1.4
HfO, 25 5.7 1.5

-2 7 5 #4488

L4 P HFO, 3 .8 0/ & ¥ #ikr EOT » e # 7 T B (Voltage
Ramp Dielectric Breakdown > Vypp) & iF & i F R 287 i3 » F]pt B
2 e HISIO, HHL o fudh h b2 51 4 I 0 HISIO % 7 & i 4
<~ P EOT *h:B 2 5 &~ e Vrpg > & BT iy B| o

yoebosiime maeyg HFO, 1 2 & 58§ §F N B ™ chi $#19
X (Rapid Thermal Annealing » RTA)&JdZ {4 > 2 F % B (Vrpp) & # F ¥
B (Tep) % 7 “r4& 2 [1]° @ HfSiOx 538 F # BB T chphid #1334

B> A F L ARENTHEVARSBE AT HRITL DR 7

-qut

N }\,

(s

poA R HISION ARG NG~ BT F O TRET ol
BR3¢ KIS F F ARSE A HISION A T A hE F A RO i

B X T E T LR E A -

2 EEPIASE  cPaper(2009 )



- k@ 2 iEH High-k 4 F & FE & 83805254 & B Si0,
Hale & ZAZF e G & ~ MUBT N~ |F it B2 ¥4 (Conduction
Band)ic # A € ~ 28 A 2 RFHFL G 24 T - 220 0
(2]

50 2% Highk HHLT 13 Bt cnd B R E KT T F A

M2 5 F h4 £ (Band Offset)i& | % % @ 7 sz 2 o F|pt uﬁ; .

zﬁﬁ?ﬁ&iéP ’FT ‘E_kbrﬁi'l"J‘—'fi’;b%'ﬁﬁ"'i"&f'g]211’
2-1.2 ©
d % Highk HAEEd & BF C#28 7 i 20 AKF i &

M 4% F T o3 4v ~ High-k 95 »c/ @ % #™ *% ~ EOT 3 4« » § High-k

HHRAEFEAAET L, 37 #2800 R A2 &S BRI F

25 B T High-k HR ¥~ 2 ahfF it £ - 5 & & i 4
& * High-k #4L% % 25 %48 & & 48 (Poly-Crystalline) > 2 &_{s 5§

r_g ,E_‘%Li:’ R /%@/TEJ_B‘:‘? ’ ?}' 5 i E’:”K’% i %_ EIBB it IR %‘ ° ;?;9' EIBB EIHB *E] ﬁj;\é‘niill

Dt
-

fo g3~ BT A2 0 FI High-k HFE EH 28 5 Ap

3 AR ok *x‘]%f'[ ePaper(2009 )



FABEVEASIHP Y BB ATFVYRRALEY

(amorphous phase) 5 % °

915 | I I 1 T T
9.0 =S5i0, 7
85} *ALO, ]
> 8.0} -
§ 7 5; .
o
'ii; 7.0r y
£ B5[ :
ZrSio ]
- 4 HfO, -
6.0 *Hisio, 0
5.5F : ?
' Si.N,
5-0 M . P L TEPEEEEFE SR R
0 5 10 15 20 25 30
Dielectric Constant(K)
Bl 2-1.1 &t e i & ik 2 Bl[2]
L J T | E— 5
%‘ 4 o S ] :&.Ecz s
e - ;: :; A :ﬂEv- o
g 5':32 ;AIED? Tguw
il _: ; -: ":'-:l
23] FE HfO, | =
5 i 1 B
2 a b 135
= T ZrSio, ] B
c 5 Si,N, HISIO, {1 &
,E‘ H [ : J1a @
o A 172
LS L e R E
3 | Zro, ] 8
1 1 i ] i 1 ] . 1 . | 1
C 5 10 15 20 25 30

Dielectric Constant(K)

B 2-1.2 & ¥ BA LA T G % B[2]

4 Eprigm

e iﬁf | ePaper(2009 )



i & % (Interfacial Layer) » & F2 58~ 2 chfF {4 o @ ~ 244 g %

FUROERS CFRERSZIFECFCEER KBRS
FREF R R ROMEE PR B R o 2 I § AR

i BB R o AoB] 2-3 1T o BEIRE Y RJEHR-F M K B R R o 4P
B RAPRET IR F e R G KRR B E RS R
FEV-HEE Y
FEAETEIAGNT - FEod ATRPRG AT IOAS F L
Fee( defects) 2 Fafs (traps) © 324 4 ol Fiafd € $30R T i it /T 7

P I T L BOR R EE R 2B U R AT

AL o MALERERIN G R RN G BRI
EXER LR Y R R R S S T

» AAKRERTHIFTHED o
b FF BB TAREIVRES R F T 24 F(Oxygen
Vacancies Trap) » & d i T in BT = o M3 7 T R % > €

’li—'—f ‘i ‘_g‘_ %Fn‘fl -4":]‘,(4?7";'—??% o

5 PSS ) cPaper(2000 )



PR BOVASIHE S LR ATFT AR

HfSi0x=16.0nm
IL=185nm

HISIO, =15, anil
IL=k8nm
’ W

B 2-3 TaN/HfSiOy (16 nm)/p-sub/Al-Si-Cu 2. MIS % % %4 * (a) No

RTA £ (b) 900°CRTA = TEM fic . 1 ]

6 ERpIAEEEE il%f[ ePaper(2009 &)



2-3 % i & #§ 7 4 F=(Oxygen Vacancies Trap )32 #

F IV RP & Z7FFAAIERA 2 Y § 74 (Oxygen Vacancy °

f 2 24(Vo) o @ B v i 4 (Back-Bond) + 1]

%Y
R
S
%
Ik
Bl
A

Rig " REY g 24754 i § 74 D@H I -
FHEFAF K[3] 0 B 2-3.1 Flets B0 R FE b el
/ﬁ‘%}ﬁﬁ; e R oo

FEd 0 s B BRI TR TR AR TE M e R T
AR A G A TR E TR RS R3] A
peAlr T r N g S ehg sk it I (Effective Barrier Height >

Q) °

44/2m” (q®,)*"

J = AE exp(—
p( 3qhE

)

5

d Bl E B P »r Sdic(effective work function » @epr) > 3 22 i+ iy
A A0 REF o BHF O O PRM B[3] 0 2 F i O

5

O fr@ DL ey Fee P cnB R B d s FF ¥ MR TG 2o i v

<

B 7 4% F# (Vanuum Energy Level )12 F 4, 2eV i+ ¥ > 4@ 2-3.2 #757 o

FI* RIS SRR F IR EFSLABETFHAGE



B RIUASIHP F BT AR LAY

- Roeod B 2-6 %71 0 & MIERAE > & HISIO ¥ ™ K ¢ 70 AT
¥Fod Vol @ Vo LTI FERE  FLzds
o AT R MR e

AEq,,,, (2"-V,) ~-0.7eV
A%

.} \® v By

HISION ' Vo!
Si-sub

B 2-3.1 % %42, 842 [3]

@eff were varied with T
nitridation and RTA

8 AR ok *x‘]%f'[ ePaper(2009 )



BORERAEA G ET AR R RIEEREER OV LETR
Fre Fios RS FREARS > BARALKEREOL TEI
B Flt AR N E end AEPET LR G ki A o

GALEMWMAEY s d AR md s TR ERRD SR
FHRE G HH et AR LR REGT LR P SRS F
TEEFRAG oA X ETBRDF GG FF 9L T AR L

R E A A ARG T AT AR SR

s
|
&
=
D7
ETTRS

=
4y

< % A& & #ic (Weibull Probability Density
Function > PDF) & % # 4 & & #c(Weibull Cumulative Distribution
Function» CDF) » #5 % & dndic 5 I * #cF N it B IR pFF 353k 2

g -

_(L)ﬂ
F (1) = f—(nx—)ﬁ”e " (2-4. 1)

AR SR A B Sy AR e B ] R

_(L)ﬁ

F(x)=1-#¢ 7 (2-4.2)
H P x 2% ¥ % #i (Random Variable) ~ B % 35 ;% % # (Shape
Parameter) > m n 5 #F#cd & (Characteristic Life) o § ~ #:E 5] n & &

BRE o A7 9F 63 a2 g 4 H o



ST T Y TETHIEE I S PR g
AT \JIEKB" El 7R ‘ifﬁltw ﬁgﬁ oy s bkl F o 'N * i(2_4 2)

RTEBIE L AN A GRS S AR 0 S SR

— (X_)ﬁ

I - F (x)
n{-tn[l=F OOl = 8 -in(X)
n

n{=fn[l - F(X)]} ==4-In(n)+ B -I{n(X) (2-4.3)
me 2 Y =0n{=In[l-F(x)]} . X =In(X)
(-4, D L 0 Y =a+bX
#rier@a=-4-M@) . b=74

FRAARGES F A G REG R AE P T AR &Y

o421 23 FERSB R BB TR g

"N

¥

A SRRt AP AT TR AT AL f i

10-1 % B ST e A A

P A
B<1 Fa i 5 LR Al
B=1 - 23
B>1 Pl 5 LR A

10 EEPIASE  cPaper(2009 )



P FERA R A E e e i L o - AUF U AR HPRRET
B F LR BT AAR[6] c HFNT AT iR & P
FREHE RIRETE N BN R R Sl S
Bl H B F i M A FE o

FORET A LTS SRR Tk R P DR
v g o TR E AR o BRI F T RRIE
(Constant Voltage Stress » CVS) ~ & 3 7 /& ] :# (Ramped Voltage
Stress * RVS) ~ #_7 ;i iBl:& (Constant Current Stress » CCS) » 27 41314
T o] 3# (Ramped Current Stress » RCS) = #& - 4o 2-5.1 »

ARHRERAEHTEY 0 ROHEHTRA-V)II A H TR PE
3N %S - BABTR RIE AT HFRENHFETR(Vrpp) © ®
EREF(OL &Y LTRSS - BRETCURE RFEAED
HEPERE (Tgp) o @ R FHZTBRC-VI)BHR AL T RPN R4
HEBOTFE -

P CVS L plEf Vv AR &P~ i F i g

Ik

E o P - RV ORIER A RS OER G S 7 HP 4155C &2 4980A
LE R Sl 1T RE R CVS &2 RVS > 4§l 2-5.2 0 & B # 5] Vrpg &

Tpp 8T8 EFF LR AT E T Penifahgh o

1 PSS ) cPaper(2000 )



ARV EIHY R ATV RRZAY

Sk

v L

Hoe g8 5 4155C g 7+ > AR % dhsweep mode £ B
HTRA-V)EF R > ST BRI T3 0V~ <15V~ B e 5
-100mV > ¥ & % 5 5 100mA > 4oB] 2-5.3~2-5.4 #7170 @ T o
PF R (T-t) 43 14 ) ek 2% Jf - sweep mode # & = sampling mode °
PRI 4308 5B B 94V T L BRI ER > 4ol 2-5.5
2-5.6 c HF X 5 4980A B RIT FHTBREMLRE > KT B
25mV ~ 45 5 5 100kHz ~ 2 RIF= B 5 4V~4V > 2 &+ T % 5 600pF >

4ol 2-0. 7 -

BLoom AR 1% CVS R~ & i e A (Tgp) ¥ 7 RVS ¥ 3% &
ﬁr‘h’!?r')imﬁ #~ Vrpp & B & it iﬁ'ﬁ‘} ' e P K}‘;‘ ZAR E—BBB]F]

E’ﬁ;g.]g;e__p o Tp gt s A\ (AT

12 EEPIASE  cPaper(2009 )



FABRAVRIEHPF CHEFATLEF T ARZAY

Test Modsa Source Sense ph;::fnue:ﬁs
o~ -~
vl ve | Tkd
Constant
Vaoltage \\—T Qbd
> —
A A Ebd
Rampad v/ ! 11 Qhd
Voltage Vot Rt _/ Tod
T — v |
I* . N Qbd
Constant
Currant /"1 Ted
ﬁ. -l—_-ll-—-hh
A A
Ibd
Ramped I/ v
Current l.+ At /l abd
T* __I.;.. Ebd

B 2-5.1 % ‘“3pEBY ) Ve C-VER L RVS It 2

CVSI[6]

Bl 2-5.2 % #_4 4155C & 4980 A %-#c~ 47 1%

13 EpiAsessd il%f[ ePaper(2009 &)



-~

<l
>
&3
=3
il
“{T:ﬂ"
W
(w
it
o+

FOF BRIV IEEE § T

Diode VFf=If

%ﬁ’.fﬂdé*ﬁzﬁ

SHEEP
Selact Measurament Mode with softkey or rotar

B 2-5. 3 CHANNELS % & [-V &k 2_% 3k

Diode VF-IF
" - [var1
|SHU3:MP
VF

LINEAR

RTINING

HOLD TIME 0.0080 s
DELAY TIME| B.00888 = #SHEEP |CONTINUE AT ANY Status

#CONSTANT

B 2-5. 4 MEASURE % & [-V %k 2 %3k

14 EpIAESEE iﬁzﬁ ePaper(2009 )



-~

§F R A F 4

<l
>
&3
=3
il
“#‘_
W
h
it
o+

S

HE;&

5.

RESISTANCE
@ ohm

SANPLING
Select Measurament Mode with softkey or rotar

98JULL? @d4:08aN

R %*STOP CONDITION
INEAR ENABLE,DISABLE [DISABLE ,
INITIAL INTERVAL| 1.0000@ s ||ENABLE DELAY 0.00008000 s
NO. OF SANPLES |[1001 NANE
TOTAL SANP. TIME[AUTO THRESHOLD 2.00000000
EVENT Yal > Th

HOLD TINE ©.000000 s [EVENT NO. 1
B . B8 oo |

®CONSTANT

Fx R FRALAE

Diode VF-1f
Enter User Comment. C(max 58 chars)

B 2-5.6 MEASURE % % TDDB % % %#

15 EpIAESEE iﬁzﬁ ePaper(2009 =)



FARTUARHE F B AR ALY

Bl 2-5.7 C-V & iR 3-8k T

16 EpiAsessd ﬁf[ ePaper(2009 &)



&
&

i

«<_ ¢

N
o

}.«_’-_1_". “'I"
* = X F ok E B

PR R BIFFFE F RV RIEH HISIOx 07 LA A 47 0 T
AT A PAXAF DT TR P 3 A2 N5 EET e
e REF Y 2 HESIOx 4 T & L o

H L #-f, 5 (Si Wafer) 56 RCA %38 5% > 3 Gi PR~ 5 4
B~ EBHFERE LA £ B F F AP T f (Metal
Organic Chemical Vapor Deposition * MOCVD) ,x st # 16nm & 537
TR > H¢ MOCVD s B4 & (Precursor)Hff CO(CHs)s], [CO(CHs),
CH,- OCH;], & Si[CO(CH3);],[CO(CH3),CH,OCH3], » Fe iz 8 p 3 »
O, % %8 » & {52 = HfSIOx /& % -

B BB LR F F NIRE T 0 9007C MaiF 30 F) i 43T
Lo g d 3f % (Pre-Back) 2 "’TT go {1 b e R ~ b R R~ it
(Soft-Back) ~ 5 * (Exposure) ~ & TF> ¥ ¥ 3¢ L& % [2 ] % (Pattern) -
B {4 d A % (Hard-Back)# 28~ { {5 5 ed %] ®l42

#EEFJ* F B E 7 4% (Reactive Sputtering) % 5t > T 50nm
¢1§ it 42 (Tantalum Nitrogen > TaN) & it 5 £ B &k - & @& *
Lift-Off shflfz i L & M1EF % © #1559 BOE 2% & ¢ ¥4 0

p #X% i* & (Native Oxide)is » #t## 200nm 7 Al-Si-Cu & %3¢ f & %

17 I sEs *x‘]%f'[ ePaper(2009 )



F ARV EHPF CRBATFY AT

T

?

T35 % 34 =7 MIS(Metal Insulator Semiconductor > MIS)%,

BAp o Hinfe4c® 3-3.10 3-3.2 417 -

& RCA 2 ik

MOCVD 4 HfSiOx

442 N, RTA AgZ ? 900C N, RTA A2

T_HEIER %
# TaN & B W &k

TERMELEBR S

? # 4 Al-Si-Cu § &

® 3-1. 1 HISIOxMIS 245§ % sz

18 EEPIASE  cPaper(2009 )



#-P AR KR § MOCVD % 58 4
RCA A3 jj-ie 9 3 - 16nm - 1 HfSiOy 3 % o

PR i PR
HfSiOx :
<:u|] HfSiOx

NM

GEUEFEC I LIRS S N
EONGF F PTRET o 1
kEHBTKELIEREL £

RS- 08 §FF LR

900°C 4% 30 #) ¢ RTA -

TaN

PR | TaN | PR
HfSiOx

1

FiI* lift-off i sk M 15 F)
% o & fs i 200nm 5 Al-Si-Cu

d FOESE Z R & LT SOnm

ET S A MIS B

I TaN FF F&£ B WA

F] 3-1.2 HISIONMIS 3 4l 17 42

19 EpIAss iﬁzﬁ ePaper(2009 )



FABRIVEREHPE CEFATEVY RIS
S2ERBSHFEEVTRARAH

fir 2R RS PTRERIE S BEIEE Ny RTA g2 {8 0
A HETRMPERS 0 4oB 3-2.1 #1570 Ft 4R N, RTA A2

BenEW o 2R E TR YRE RIS PR TR TAE o

Rl Ed BREAIVREYAE L MELME > F BT IRISASL o

dOREREEEF TR T R(C-V) B 4oB 322 S 0 7
HIREHE Ny RTA BdZis » AVig A1 BBRB & - F pFEF s
(Hysteresis Effect)£s & 7% T & 4% £+ P AR5 o 42p| 8518 N,RTA
fs > & Kt % f7 (Positive Trap Charge) £ & o el 2240 1a's 5 5
IR G 0 BB PR e

# T RPEAE R EDT I H ()R] o KRR R R
B R 04V 0 R & H PR o 4o 3230 324 47 o iE
N, RTA AJZ i el i @ R 22 s P 4 0 AT e 4c > e PR 0
MBZDF RS g o

A ARG b BT AR AERIER 2 — 0 Fp | F
G4 i (Weibull Distribution)d” ¥ Fgp| 7 & e & Hp o B] 3-2.5 & o7
wiF N, RTA AIL# 4 5 N, RTA 3 @R ff A i & fic(Weibull

Cumulative Distribution Function » CDF)B ] - * B3P 51 N, RTA

20 PSS ) cPaper(2000 )



FARQVARHP F BT T AR

LA 2 1 F 0 Tapgon & 0 FIWL 0t = 2 h TDDB 7§/ #i it o

1E+02
1E+01
1E+00 |
1E-01
1E02 }
1E03 }
1E04 }
1E05 }
1E06 }
1E07 }
1E08 }
1E09 }
1E-10 | HfSiO, (16 nm)
1E-11 —

No PDA

-===PDA 900°C

- -

Leakage current density (A/cm?2)

-15 -12 9 ] -3 0
Gate Voltage, Vi (V)

Bl 3-2.1 M4&/A % & HfSiO4 (16nm) - & % ## $i-5% (accumulation mode)

=i 900°CRTA 1 J-V ] -

3.0E-10

No PDA
2.5E-10

AR e PDA 900°C
2.06-10 |

1.5E-10 F

1.0E-10

Capacitance (F)

5.0E-11
| HfSiO, (16 nm)

0.0E+00 S
3 -2 -1 0 1
Gatevoltage, V; (V)

Bl 3-2.2 & TaN/HfSiO, (16 nm)/p-sub/AL-Si-Cu 2. MIS % % .45

900°CRTA £ No RTA 7 C-V H

21 PSS ) cPaper(2000 )



ARV HY F PR ATV ALY

1E+00
1601 |
1602 } )
1E-03 | N e
1E-04 |} j
1605 |} B
1E06 }
1E-07
1E-08
1E-09 |}
1E-10

1E+00 1E+01 1E+02 1E+03 1E+04
Time (sec)

HfSiO, (16nm) No PDA CVS=-9.4V

Leakage current (A}

® 2-3.3 TaN/HfSiOy (16 nm)/p-sub/Al-Si-Cu 2. MIS T % # 4 & % ff 0
74T F Z B R PIFE No RTA 7 [t B

1E+00

HfSiO, (16nm) PDA 900°C CVS=-9.4V
1E-01 p

1E-02 |
1E-04 | -

1E-05 |
1E-06 } i

1E-07 }
1E-08 |e— PRSI |

1E-09 |

Leakage current (A)

1E-10
1E+00 1E+01 1E+02 1E+03 1E+04

Time (sec)

®] 3-2.4 TaN/HfSiOy (16 nm)/p-sub/Al-Si-Cu 2. MIS T % $ 4 & % ff 0

;T H R R PIE 900°CRTA 1t R

2 EEPIASE  cPaper(2009 )



In{-In{1-F)}

—+—No PDA

—a—PDA900°C

1.6

05 |

05 }
4
=1.5 F
2t
25

PR i

1E+01

1E+02
Time (sec)

B 3-2.5 TaN/HfSiOy (16 nm)/p-sub/Al-Si-Cu 2. MIS T % S > R & i

BREAFHS T AEimBVe=-94V) > 900°CRTA £ No RTA 2. &

A ) -

23

P

&

ﬁ%f | ePaper(2009 )



A BN § R

w_?
gl
%vd’:
W
(w
it
o+

3-3# § “4(HfSIO,) & § § i & 4 (HISION) 2 841
b4k T > HESIO, 22 HISION § f* B Hleh# i 7 2 -3 g
WEFRB T 2TV AIE S S HISION § 1 & (3l o 2
e H #FWHI M RT R E- HIFEH -
& HfSIO e # 8412 6 > 7 d B 3-2.1 423> 4B S &R
mEd RFDOTRFHRITEXRT IR A ST F kA 4

h
o/

(Electron Trap Creation) » % |38 FF R 8 e » i 3¢ = % A 24 7 (Hard

Breakdown » HBD) » # &# #4414 ®] 3-3.1 #7771 - @ HfSiON R &_t&
TS o 2 0 B 1 3 F (Soft Breakdown > SBD )£ b 3¢
# j (Progressive Breakdown » PBD) » £ {8 2 # % #ic® & X A 423 F >
4@ 3-3.2 #ToF o
¥ ¢k » g% HfSiON miﬂ,ﬁ‘ﬁ‘&ﬁﬂ] » ¥ od Bl /‘%‘?_‘@h:&%ﬂﬁ i VA L
d B 3-3.3 BL% N HISION ensll 7 5 > % & HERT 022 ph
nMOS 7 & & #i ;% (Inversion Mode) £ pMOS 1 % ## #ic 3
(Accumulation Mode) & 2 jf >+ %) 4V (1T B » @ nMOS 0k & Hi038 4r
BENRG D R o
d 3T nMOS & RV IR § sl E T A A AV S 2 o Ft )
7R S EMS(TEM)#F 5] nMOS 3 F 16 F #0023 i3t

—\J"H

SECSHER 0 TR R H 4 T A E R h g & (Dielectric Breakdown

24 EEPIASE  cPaper(2009 )



Induced Expitaxy > DBIE) % [4] -

Y
%

WV REH P F B AT Y IRZATY

ERRS SN T TS

B] 3- 34(3)"LV’T 3 ﬁgﬁ— \m,éj}aa

Fiﬁﬁﬁﬁ’:;\ éﬁ,ﬁ;BBB—% w4 [ &

A R it 7o 4o 3-34(0b) 0 F AR FRE A NE

5

o

UL Sk ] LR 3

5] il i BE[4]

RliE g F nMOS F S T AT M R E B R A .

.
HfSiOx | ¥ @ Ve e
Fasy 52
(IL) A =
A 4
Si
d 23+ T lrenff fah % 0 @
AR T R R MR o
.
HfSiOx ® @ L
([ ° ) ([ ®
v
Si

/)l

@nghk@] LEA RS 2R
cd BAET Tw KAL) -

HfSi0x

(IL)
Si

©R A 4e 0 3% FaT High-k &
E BT 4o o

HfSi0x

(IL)
Si

* R ERA G K (L) & High-k

R 8 Eme e R 4 dE o

e

IRk in off iE F ik in oA Bz Ak R E K hik 1

Bl 3-3. 1 HfSiOx(16 nm)® /1 T & 3 jF 4541

25

PSS ) cPaper(2000 )




Ao P RS B TR R BT R TR 4 0 Highk & A 2 &
A4 oo 45 775 % B AT o

% High-k & 7) = B2 (8 = 2 High-k & # i crle pF > % F i it
gd S E e E(IL) e ok (IL)?jé?a%:‘g High-k & # i

ot @i lh

Bl 3-3. 2 HfSiO4 (16 nm)5 18 900°CRTA {5 crv jf- 8 41

26 EpiAsessd iﬁzﬁ ePaper(2009 &)



F ARV EHPF CRBATFY AT

nMOS acc. inv.

Jg (Aflem?)
= =
35 R e
= :

Breakdown

Vg (V)

] 3-3. 3 nMOS £ pMOS 1 ],-V, d 2 ] [4]

B 3-3.4 nMOS & # 5% (a)2r B £ 5% (b) < DBIE {7 3 [4]

27 &

pri-Assss g %]%F“ | ePaper(2009 )




B
5y
«»«
’é;f'
i*_t
A
sy
"l
<k
=
=%
-
gl
*r-,d,.
W
(w
it
o+

£ 2 sl

& U .ﬁ- g
dBREETHFIR o AE N, RTA Agch 2 5 d 3t § ehfzp
Bakfnt sy MY ERKEA DIFET I ﬁ*"{«mq’izﬁ‘ U .
T B TR A £ H e o @ UTHE Ny RTA 28 0 5 14 K ¢ o
Fafd 2 3L o @ Blee L o IR R e FIP RS B RFEF TR E AT
Bl A ERRESNEE cRBRF A T 0A B

F R F LG NpRTA mJ2 {8 ch it » 3 TDDB e

B¥ F itk HISIO end# 84> RELF f 2hR 3 207
o b aMiBAETRRE "  FRIGEALLE A EEFRT
B4 ERACA M # o ¥ eb s 5538 N,RTA AJE {4 59 HfSION § 1+ &
d SRR RAPIAET A MR o F
BEFQEEF SR g et # o AR S b &
AR AL HF A A o

d SR FRGNTF LT BRI AR AR Rl
MR AL R DRI T A MY A RTINS FAET N
WA EERF AT REMPE A6 KRS Tt dapld 347 %
&ﬁ%%%iﬁ%’$ﬁ¥%iﬁ@%ﬁﬁoﬁm@4%ﬁﬁmi

TDDB £ R 4 /- L34 2 XAl faR 7 .

28 PSS ) cPaper(2000 )



o

[1]Hokyung Park,“The Effect of Nanoscale Nonuniformity of Oxygen Vacancy on

Electrical and Reliability Characteristics of HfO2 MOSFET Devices,”IEEE
ELECTRON DEVICE LETTERS,pp.54-56(2008)

2]z ~ AL 2 “F AT REMBEITEHFEEZ AT F A2 2% ~F
FHEfaEap RT3+ 0 T, % 4 5,5 4 9 ,pp.126-134(2003)

[3 ] Motoyuki Sato,“CATHODE ELECTRON INJECTION BREAKDOWN MODEL
AND WORK FUNCTION DEPENDENT TDDB LIFETIME FOR HIGH-K /
METAL GATE STACK PMOSFETS,” IEEE CFPOSRPS-CDR 46th Annual
International Reliability Physics Symposium, Phoenix, pp.335-340(2008)

[4] Motoyuki Sato,“Impact of Polarity of Gate Bias and Hf Concentration on
Breakdown of HfSiON/SiO2 Gate Dielectrics,”IEEE TRANSACTIONS ON
ELECTRON DEVICES, VOL. 54, NO. 9, SEPTEMBER 2007

[5] R. Duschl, “Reliability aspects of Hf-based capacitors: Breakdown and trapping
effects,” Microelectronics Reliability 47 ,pp.497-500 (2007)

[6]3 %%, “S s\ ¥ VW7 AM i FRE Y, "TFFED 176

27, pp. 46-59(1993)

29 EEPIASE  cPaper(2009 )



VRN FTNC

4p: A®T6& 117 18 p
T+ 24 d9530185@fcu.edu.tw
I RN o B FARE S

BR: 4748 231408

R R R L

30 Epiiss

&

/| cPaper(2009 )



