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Deuterium Incorporation into High-k Gate Dielectric
by D,0-Atomic Layer Deposition

5 & o JIL a2 g NI IR &R T
TORII Kazuyoshi KAWAHARA Takaaki INUMIYA Seiji NARA Yasuo

# J: Ek*** ﬂﬂ i}i %Eln****

INOUE Minoru HASAKA Satoshi

JR @R Ei% (ALD) I & % HfAIO B 7' H - R BT, 7k (H0) Db D ICE
K (D20) ZR{LANC WS T &2 & b HFAIO/SION g7 — i ic Sk 2 I
U7zo D20-ALD I & - TIERL L 7z HFAIO B HKR MG & LTl &, 5inm SiON &
NHHRE S EKEZRINTE % BRI SiERFHDO X > TV VTR FlefbiL,
Z ORER, FHRMOFEAEIC KX B BIEEES T MO HERIEICERT 57— F A Xy
7 DRERFHafRIE 2 IS % . D20-ALD SR OE#EZ I L9250 T, ZDRER
I3 HFAIO ICBE BN 5 & D Tld7a <, o> HfO2 % HfSiON 7% £ @ High-k JEIC & AT
H%

Deuterium was incorporated into the HfAIO/SiON gate dielectric by using
heavy water (D,0) instead of H,0 in the atomic layer deposition (ALD) process of
HfAIO. The HfAIO film formed by D,0-ALD acts as a deuterium resources, and the
deuterium atoms are effectively incorporated into the SiON after the full CMOS
processing. It is clarified that the deuterium incorporation suppresses interfacial
trap generation and interfacial SiON breakdown. The D,0-ALD process is useful for
improving the interfacial layer reliability under gate negative stress, therefore it is
not only effective for HfAIOx, but also for high-k/SiO, (SiON) gate stacks with other
high-k materials such as HfO, or HfSiON.
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Fig. 1 Hf and Al distribution over 300mm- wafer. Open
and closed marks are for H20- and D20-ALD, respectively.
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Fig. 2 SIMS depth profiles of Si, H, and D in a
HfAIOx/SION/Si gate stack . HfAIOx was deposited by
D,0O-ALD. (a) before PDA, (b) after PDA.
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Fig. 3 Charge pumping current of n- and p-FETs with
D20- or H20-ALD formed HfAIO as a gate dielectric
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Fig. 4 Effective electron mobility dependence of nFETs
with H20- and D,O- ALD formed HfAIO.
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Fig. 5 Threshold voltage shifts (AVth) of n/p-FET with
HfAIO/SiON gate insulator under positive/negative bias
temperature (BT) stress . Constant voltage stress was
applied at 125°C . The solid lines on the date of NBTI are
the fits using "dispersive diffusion model" ™.
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Fig. 6 Interface trap generation rate in n/p-MISFETs with
HfAIOx/SiON gate insulator under positive/negative
bias temperature (BT) stress. Constant current stress was
applied at 125°C . Constant current stress was applied at
125°C . Open and closed symbols are for D.O- and H.O-
ALD formed HfAIOx, respectively. The solid and dotted
lines are the results of 1/4 power-law fitting.
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Fig. 7 Examples of time evolution of gate current of

n-FETs?. Negative constant voltage stresses of -2.6V
were applied at 125°C .



KEBEERER No.24 (2005)

Fig. 6ICRLz &k S1C, Fv¥—IRVEVTHIED
5, pFET KEEfl & [ U<, nFET HHEMTH, X b
L ZAHIIMS & 2 SREHEN ORI > T3 T D
bholz, Si0, T, BXMWAFLRICKOFAEL
T2 R B AR 7 NS SR B 10 75 D IR ER D A X
N3 & THEBIENKZ 2 VS, R—al—T 37
YETIWEIDNELZFANSNT NS, UEDDR
Mah 2R R I HIPHIZ09nm A EEZ LN TY
20T, Inm L FORERDEEICIE, BENIC—A
DRBGMTE 2T TEBREDMIERE NS C LIk
%, DF D, ANLRHIINC X % KERHORIEA
HROMIED G | Z &Ik > TV B ABEERKE VN EE
AbNd,

5Lifi SION RN D HEKZRIR MO R 2 TR % 728
nFET ICE/NA 7 A A b L AZHIINL T TDDB % 7%
HE LTz, Fig. 81 Z Df§RZ/R9, D,0-ALD {£TH
mi%%m&&:aw$bﬂm3#%ﬁ%m%&§

, BIREE 1.1V TI0FHFMmDOIRANATRE & 7%
%o

pFET O NBTI H{bIC DWW Catkan L7z & 5 1c, =K
R, TOERMWKED 245TH S T & SILEIRE
MWHhEL, AFLARICKD Si-DEENTINTE, H
HAHEIC & EXBMEMNEL, RuZ 70 TRy
R 72 ffeiin g 2 ERMNKEXD B &V, E5IC, Si-D
SO O — FOREAIRBIED U I 2 OB
T4 VORI LN, el X SiDARY RN
IRV F—Z2ZFH-> TSN TE Si I T %

1010
108
10°
10*
10°
10°
1072
10
10'6 | | | | |

0 05 -1 -15 -2 -25 -3
Vg (V)

125°C
0.1cm?
0.1% failure

TDDB lifetime (s)

Fig. 8 TDDB lifetime of n-FET with HfAIO/SiON gate
insulator (0.1 cm” and 0.1% failures condition) *. Nega-
tive constant voltage stresses were applied at 125°C . 48
capacitors of 50 um X 50 pm were used to obtain the
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Weibull slop for HO- and DO-ALD samples are 1.03 and
1.33, respectively.
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