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Abstract : Nitrogen implantation in slicon substrate at fixed energy of 35keV and glit doseof 10** 5 x 10%cm™ 2isper-

formed before gate oxidation. The experiment resultsindicate that with the increasng of implantation dose of nitrogen ,oxi-

dation rate of gate decreases. The retardation in oxide growth is weakened due to therma anneding &ter nitrogen implan-
tation. After nitrogen isimplanted at the dose of 2 x 10™cm™ 2 initid O; injection method which is conposed of an Oz in-
jection/ N, annedling/ main oxidation ,is gpplied for preparation of 3. 4nm gate oxide. Compared with the control process,

which is composed of N, anneding/ main oxidation ,initia O, injection process suppresses leakage current of the gate oxide.

But Qu and HF CV characterigtics are amogt identica for the sanplesfabricated by two different oxidation processes.
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1 Introduction

Aschanne length of MOS transstorsis reduced
to 0. 1 m ,thickness of gate oxide has to be decreased
to overcome short channd effect. But oxide quality
has to be maintained in addition to ultrathin thick-
ness. Nitrogen incorporated oxide ssems to satify this
requirement. Nitrogen has a usef ul feature in growing
ultrathin gate oxide such as reduced oxidation rate
and prevention of boron penetration*?!. Further-
more ,nitrogen has an advantage of preventing degra
dation of trangstor characteristics due to hot carriers
created during the device operation. The general
methods to inocorporate nitrogen into oxide are oxida
tionin N2O or NO ambient!®**!. But they have diffi-
cultiesin incorporating a large amount of nitrogen in-
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to oxide in ultrathin gate oxide regime. In such pro-
cesses f urnace oxidation time should be lengthened to
gain higher nitrogen concentration ,which resultsin a
thicker oxide. Meanwhile, the techniques are per-
formed in high temperature ,which may limit the pro-
cess window and complicate gate oxide process. Nitro-
gen implantation into polyslicon gate followed by
thermal annealing is another attempt to form nitrided
oxide!® 1. But most of the nitrogen incorporated by
this mean existsin bulk oxide and has no eficiency on
improvement of 3/ SO, interface quality.

In this work ,nitrogen was implanted in the sub-
strate before gate oxidation to fabricate ultrathin gate
oxide,which eliminates these above problems. Nitro-
gen implantation in the dlicon substrate was per-
formed at the fixed energy of 35keV and with the

olit dose of 10 5 x 10™cm™?,and the nitrogen

* Project supported by Nationd Naturd Science Foundation of China(No.90207004) and the Specid Fundsof Nationd Key Basc Research of China

(No. 20000365)

Xu Xiaoyan femde,was bornin 1976. Sheis currently working on fabrication and invegtigation of ultrarthin gate dieectrics.

Received 5 April 2004 ,revised manuscript received 13 September 2004

c 2005 Chinese Ingtitute of Hectronics



2 Xu Xieoyan et al. :

Fabrication of Ultrathin SO, Gate Didectric by

267

profile and the effect of therma annealing on it were
examined by secondary
(SIMS) . The éfectsof profile and dose of nitrogen on
gate oxide thickness were studied. Initiad O injection
method composed of O, injection/ N, annealing/ main
oxidation was gpplied for gate oxidation. The reliabili-
ty of 3.4nm gate oxide prepared by this method was
investigated by 1-V , CV , Qug ,and SIL C characteris
ticsof MOS capacitors.

ion mass gectrosopy

2 Experiment

All experiments were performed on n-type (100)
dlicon substrates with a relative resigtivity of 2 4 -
cm. And oxide thicknesses were measured by dlip-
Pvmetry in the experiments.

Figure 1 shows key process and split conditions
to form thin oxideson nitrogen-implanted slicon. The
wders were SPM cleaned ,and a 40nm dry O, screen
oxide was grown on the substrates prior to N im-
plantation. Some samples underwent high temperature
annealing before remova of the screen oxide. After
<creen oxide was stripped and SPM cleaning was per-
formed ,thin oxides were prepared in O,/ N, ambient
at 950
nitrogen were a0 fabricated.

Figure 2 is process flow for preparation of gate
oxidesof MOS capacitor samples. Nitrogen i mplanta
tion has been performed at 35keV and with the dose
of 2 x10™cm™ ? through a 40nm dry O, screen oxide.
Theinitia O, injection method was used to grow gate
oxide dter the remova of screen oxide. First ,oxida
tion at 650
extremely thin oxide layer that providesa S/ SO, in-
terface. Then the annealing process was performed
from 650 to 850
up the nitrogen at the S/ S0, interface from sub-
drate. Finally ,gate oxides were grown at 850 in
O,/ N, ambient. Control samples were grown by conr

. Control wefers that were not implanted by

for very short time was done to form an

in N2 ambient for 20min to pile

ventiona method for comparison. The difference be
tween the initid O injection method and the conven
tiona method was with and without O, injection at
the initiad gate oxidation stage. After gate oxidation,

n-type silicon wafer

|

Screen oxide 40nm

:

l

W/ON, I/1 N, [/135keV | [N, 11 35keV
Screen oxide | | Screen oxide Annealing,N,
strip strip 1000°C,10s
Oxidation at Oxidation at Screen oxide
950°C 950°C strip
Oxidation at
950°C

Fig.1 Key process and glit conditions to form

thin oxideson nitrogen implanted slicon

n-type silicon wafer

l

Screen oxide 40nm

l
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2X 10%em?

}

Screen oxide strip

——

Gate Gate
oxidation oxidation
W/O with
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injection injection

250nm polyslicon was deposted and doped with
Bds.

Fig.2 Processflow for preparation of gate oxides usedin

MOS cgpacitors
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3 Resultsand discussion

3.1 Oxidation retardation effect

Table 1 summarizes the oxide thicknessfor sanr
plesfabricated by process showed in Fig. 1. For sam-
ples without thermal anneding ater N5 implanta
tion ,oxidation retardation effect was observed at a
N, dose aslow as 10'cm™? ,and it was

Table 1  Oxide thickness and growth rate reduction for

various No I/ | doses after oxidation at 950 for 10min

N> I/ 1 dose Gate oxide thickness | Growth rate reduction
/10%cm” 2 / nm ! %

0 5.5 Ref erence point

1 4.9 11

2 4.4 20

5 3.5 36

5" 5.5 0

* The sample is anneded in N, ambient at 1000 for 10s before

screen oxide remova .

enhanced with increase of N, dose. With a N, dose
of 10" 5x10%cm™? the growth rate is reduced by
asmuch as11% 36 %.But retardation effect did not
appear if therma annealing in N, ambient at 1000

for 10s was performed ater N, implantation. It
sems that the retardation in oxide growth was more
pronounced for the samples without therma anneal-
ing ,which coincides with the result of Ref.[8]. We
attempt to explain it by nitrogen concentration profile
which was obtained by SIMS anayss and showed in
Fig. 3. It could be seen that nitrogen was piled up at
the S/ 90O, interface ater that thermal anneaing. De-
fects at S/ 90, interface which could tragp nitrogen
atoms during the thermal annealing may be the reason
for the piling up. It was supposed that the nitrogen
rich layer formed by the piling up of nitrogen ater
therma annealing was extremely thin and just existed
in trangtion layer at S/ SO, interface , <0 ome nitro-
gen waslost during the removal of screen oxide. Then
therma anneding before screen oxide remova made
nitrogen concentration lower than that of implanted,
and the oxidation retardation effect arisen from nitro-
gen was weakened. It needs more experiments to con-

firm the hypothess. The optimized therma annealing
process that can eliminate ome structural damage in-
duced by N, implantation should be proposed to satis
fy for the requirement of oxidation retardation.

SiO, § Si 5X10"em? N,*35keV
Si+40nm SiO,
10°F
" - As-implanted
= ) — 105 1000°C
g 104k N, annealing
g
2
=
— 10°F .
; -A\\" “3 2.
! TNNasa,
10? 1 N ) L i
0 50 100 150 200 250 300

Depth/nm

Fg.3 Nitrogen SIMSprdfilein the S/ 90, double

layer

3.2 3.4nm gate oxide properties

Figure 4 plots the current voltage characteristics
to compare the two gate oxides prepared by initia O,
injection method and by conventiona method showed
in Fg.2. It could be seen that sample with initial O,
injection has lower leakage current than that without
it. Stress induced leakage current (SILC) is an in-
creaxe in oxide leakage current at low field ater a
high field electrica stress. After samples were stressed
at the oxide field of 10MV/cm for certain time,and
SIL C was monitored at the oxide field of 5MV/cm
under podtive gate bias. The results are shown in
Fig.5. SIL C gppears to be lowered by the gpplication
of initial O injection method. Nitrogen at S/ 9O, in-
terface can replace strained S —O bonds,S —H ,and
S —OH weak bonds at the interface by S —N bonds,
which thus improves the interface qudity and de
creases the amount of defects and trgps induced by
eectrica sress. Initid O, injection accumulates nitro-
gen from the slicon substrate to the S/ SO, interface
before the main oxidation ,resulting in higher nitrogen
peak concentration at the interface.

The high frequency C-V characteristics and Qpqg
measured at constant current stress and podtive gate
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Fig.4 Leakage current of gate oxide versus gate voltage
Tox (with initial O, injection) = 3.4nm, T (Without
initia O, injection) = 3. 3nm
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Fig.5 SILC versus stresing time  Tox (with initid O,
injection = 3.4nm, Tox (without initid O, injection) =
3.3nm

bias are presented in Figs. 6 and 7 regectively. There
is no obvious difference for 3.4nm gate oxide pre-
pared by the initial O, injection method and by the
control method.

10 b= N, 112X 10%cm?
—N, /12X 10Mem? pmm=
8  &initial O, injectiof
£ 6t
2
S 4t
2 100kHz
0 S=10*cm?

-.1 0 1 2 3 4
VIV
Fg.6 HF GV characterigticsof withinitia O, injection
(a) and without initid O, injection (b) p* gate MOS car
pacitor  Tox (with initid O, injection) = 3.4nm, Ty
(without initid O, injection) = 3. 3nm

Fg.7 Qu digtributions of gate oxides prepared by initia
O, injection method and conventiona method  Tox (with
initid Oy injection) =3. 4nm, Tox (Without initid O, injec
tion) =3.3nm p* gate MOS cepacitors with active areas

of 10" “cm” 2 were used.

4 Conclusion

By implanting nitrogen in the substrate before
growing thin gate oxides,we found that oxidation re-
tardation effect resulted from nitrogen existence at 3/
SO;interface is enhanced with the increase of nitro-

gen dose and is weakened by thermal annealing in N>
ambient at 1000 for 10s.

3. 4nm gate oxide wasfabricated on the nitrogen
implanted slicon substrate with initia O, injection
before main gate oxidation. The experimental results
show that initial O, injection method improves |-V
and SIL C characteristics of the gate oxide because it
could pile up more nitrogen at S/ SO, interface.

Ref erences

[1] LiuC T,Lloyd EJ,Ma Yi,et d. High performance 0.2 m
CMOS with 2. 5nm gate oxide grown on nitrogen implanted S
substrates. |EDM ,1996 :499

[2] ChenY Y LiulM , Gardner M ,et d. Performance and rdiability
assessment of dud-gate CMOS devices with gate oxide grown on
nitrogen implanted S substrate. |EDM ,1997 :639

[3] La PT,XudP,Cheng Y C. Interface propertiesof NO-anneded
N,O-grown oxynitride. IEEE Trans Hectron Devices, 1999 ,46
(12) :2311

[ 4] Aoyama T.Ohkubo S,Tashiro H et d.Boron diffuson in nitrid-
edoxide gate didectrics leading to high suppresson of boron



270

26

[5]

penetration in p-MOSFETSs. Jpn J Appl Phys,1998,37 (3B) :
1244

Krisch K S,Green M L ,Baumann F H ,et d. Thickness depen-
dence of boron penetration through Oy and N,O-grown gate ox-
idesand its impact on threshold voltage variation. |[EEE Trans
Hectron Devices,1996 ,43(6) :982

Herden M ,Bauer A J ,Ryssd H. Suppresson of boron penetration
through thin gate oxides by nitrogen implantation into the gate

N* S/80,
MOS -V ,
SILC ,
PACC: 7340Q; 7360H; 8160 EEACC: 2530F
: TN304.271 A

2004-04-05

( :90207004)
,1976 , )
,2004-09-13

(

dectrode of pMOS devices. Microdectronics Reliability ,2000 ,40
(4/5) :633

[ 7] Wang Yanfeng,Liu Zhongli. Characteristicsof thin gate oxide ni-
trided by implantation. Chinese Journd of Semiconductors,
2001 ,22(7) :881(in Chinese) [ ,
S0, ,2001 ,22(7) :881]
[8] Sdemani H R,DoyleB S,Philipossan A. Formation of ultrathin
nitrided SO, oxides by direct nitrogen implantation into slicon.
J Hectrochem Soc,1995,142(8) :L 132
. *
SO,
) 100871)
, 3.4nm 90, , MOS
Qpg ,SILC cVv ,
3/90; ;
Qb cVv

: 0253-4177(2005) 02-0266-05

:20000365)

¢ 2005



