RA RHFO233 fiff

fn TFARZALE

PVDT



High-k Gate Dielectric Candidates

Choice of high-k

k value less than 50 is desirable for
suppression of short channel effects

HfALLO,
HfSi, O,N,

ZrO,, HfO,
10-15| Lanthanide Oxides




Other options?
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Band offsets for High-k dielectricson S
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Experimental data by XPS by Prof. T. Hattori
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Our Molecular Beam Deposition System

TSP

|P

N

(osition Ch.

Substr ate, |

La,0O,
tar get
/

L oading
Ch.

Transfer rod

TMﬂ

Back pressure:
~10° Torr
During deposition:
~10°~107 Torr

Deposition rate:
0.1~1 nm/min




Cross sectional TEM images for Al/La,O,/n-S.
400°C depo., 400°C RTA in N..

Physical thickness
=2nm

EOT =0.6 nm




T« Electrical Equivalent vs. Current Density

HfO2
NH3+HfO2
HfSION
Zr0O2
Zr-Silicate
Al203

NH3+ZrO2
Zr-Al-Si-O

Ta205
NH3+AI203/Z2r02

Pr203

Nd203
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Si02
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From |[EDM 2000, IEDM 2001, SSDM 2001 and VLSl Symp. 2001(Advanced Program)



Annealing | EOT | Vib | Avib nggﬁ Leaékag
omn) i vl vl Congtant Al@lv
without 1.760 | 0.806 | 0.123| 17.0 1.06e-2

200°C | 1.762 | 0.823 | 0.165| 15.6 | 3.09e-6

O, |300°C| 1.617 | 0.870 | 0.257| 16.9 9.51e-7

400°C | 3.103 | 0.391 |-0.700| 9.62 1.37e-5
200°C | 1.106 | 0.784 | 0.083| 27.0 | 3.04e-7

N, 300°C | 1.443 | 0.785| 0.081| 26.1 [.27e-6

400°C | 1.280 | 0.808 | 0.123| 23.3 2.17e-6
Vi fitted = BWhine * AV caie = Wiaie ™Whiicon ¥ Vin calc




Preliminary results  Densification: good
| V{b shift: problem
Dry N2 annealing  Being solved by PM anneal
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ID - VD Characteristics (Lg=2.5pum)
Chemical Oxide, Deposition Temp. = 250°C,
Lg=25um, W =27 tum, EOT = 3.0 nm

160 FLg/W = 2.5/27 um
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10 nm, Annealed

= 250°C, Tphy =
O, 400°C 5min

Deposition Temp
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Electrical Characteristics — Mobility Y ¢

e
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1000

' High effective mobility of nearly
‘\\“\\ | the same to the universal curve
/Wn,b ' was obtained with EOT = 3nm

La,O, gate dielectrics.

Effective Mobility p_ (cm?IV-s)
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Flicker noise at V ;,.=100mV
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Results and Discussion (6)
LF Noise — Comparation with SiO,

54umx2.5um)
A 27Umx2.5um)
Opmx2.5um)

f=100Hz
Vy=0.1V

The normalized noise spectrum
of n-type MISFET's with La,0O,
gate dielectrics is about one
order in magnitude higher than
that of SIO, obtained from
thermal oxidation.



Absorption of moisture and CO,,

The oxides become hydroxide and carbonate in H,O and CO,

2Ln(OH) + H,O — 3Ln,(OH),

ambient.
hydroxide carbonate
Ln,(COy);
LNn,O; Ln(OH), Ln,O, Ln,O,
n- n- n- = n-
Ln,O, + H,0 = Ln,0,*H,0
Ln,O, + 2CO, —

Ln,0, + H,0 — 2(LnOOH) Ln,(CO,);

> Ln:Lanthanide




Experimental apparatus

Temperature: ~20°C

Humidity: 80% glass acryl

Humidification time: (PYREX) (PMMA)
0 ~120 g

hrs acryl(PMMA)

or
glass(PYREX)

[ D  Thermometer

Hygrometer

e S s — Samples

AL “PMMA ;
Ultra pure CH,C(CH);COOCH;
water
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Absorption test in case of acryl apparatus
after the Al electrode formation for Pr,0O,.

/ with electrode \ C-V
Al electrode 15—
-1 L
= - —Freh
C\TE\  ——24hrs (with electrode)
High-kf” T, Pr,0,/nsi(100)
n-S (1OQX % - R.T.-depo
| | | % 'RTA : N_600°C
moi stur §
e~ ) %05
— O
High-k film

n-Si(100) 0_'2_101
K / Voltage (V)
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Ref. S.Ohmi, et al., J. Electrochem. Soc., 150, F134(2003)
H.Nohiraet al., 3. Appl. Surf. Sci., 216(2003)

Lu,O4
RTA I:
Si substrate

La,O, CTRERBKRREMERILZINZD
Lu,O, TR = {Fslicaez il Z . iRtz M L

Stack(Lu,0O,/La,0,)
Lu,Og

La,0O, La-Silicate
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|5-V Characteristics

L=10um
W =54 pm

B AAA
1 NS
s

A
AA

y 'Lm'-—:;____':';::':i-”\ 0.5v

1.1V
0.9v

AAAAAAAAA

0.7V

e 0.3V
P e S Olv
0.1V

e 0.3V

B e e
-

-0.5V

0,300— 0,400 T LY HENA LA,

FIE&HDLa,0,ELLEIL T, BIFHI A BL AT
) Lu,O,0iitiRtIcky, BEEEHEARELL

|5 -V Characteristics

‘ 3
;tg:::f:::‘t‘t‘::;:‘:f::::::‘::‘:t‘::::::::t 2 . 5
2
_ N 1.5
10°] .
N dottline: La,0, "\,
107 ; S =160 mV/dec 1
ol {05
107} S=80 mV/dec |
15 05 0 05 1

V_[V]

Uy = 163 [cm?V-1s]

(EOT =2.05 nm)




Conduction Modes and Expressions

Mode Expression

©  Schottky* (1) In(J3) 0 EY? In(J/TZ)D—J/T
T Dot (2 In(J)0E )
= N (3 |n(J/ EZ)D]/E J T (e
O ohmic  (4) IO In0)D-yT
E Poole (5) In(J)aE |

Y
E pF (6 In/E)OEY n(0) 0T
v (7) In(d/ E)OE
S SCLC ,
e 8) JOE |

*Thermionic Current, **Direct Tunneling Current,
***Space-Charge-Limited Current : single trap level for shallow (7) and deep (8) distributi



Al Electrode Case — L eakage Current

1E-02 Field e )

#5 SCLC £
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Conduction Band
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0.22-0.24 eV

SCLC Conduction (Ag) : Shallow Trap Distribution
Poole-Frenkel Conduction (Al)
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