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1. Introduction

Recently, Sry(Ta;.,,Nb,),O; (STN) has attracted
considerable attention as one of the most practical
candidates for one-transistor-type ferroelectric memory
devices because it is a bismuth- and lead-free ferroelectric
material having a low dielectric constant . Although in the
application of MF(M)IS-FET-type memories, the most
important problem is an improvement in data retention
characteristic. On the other hand, it is indispensable to thin a
ferroelectric film from the viewpoint of the scaling down of
the device. For instance, when the coercive fields of the
ferroelectric film of 50 nm thickness are 25 and 50 kV/cm,
the obtained memory windows are only 0.25 and 0.5 V,
respectively. To achieve the scaling down of the device, the
technology that forms the thin ferroelectric film with a large
coercive field is indispensable. Furthermore, development
of new material that has a large coercive field is important.

In this work, we report the newly developed 100 nm
Sr(TaO_7,Nbo_3)EO6 film formed by ferroelectric multilayer
stack (FMLS ™)) deposition. A memory window of 1.8V is
obtained in the MFIS structure device with only 100 nm
ferroelectric film for the first time. We also report the
perovskite STN formation technology on SiO, by
ion-bombardment-energy-assisted sputtering method and we
have clarified the relationship between a ferroelectric crystal
phase on amorphous SiO, and rf-sputtering plasma
parameters such as ion bombardment energy.

2. Experimental

Figure 1 shows a modified rf-sputtering system for
ferroelectric deposition. The detail of rf-sputtering condition
is shown in Table. I . Oxygen radical treatment was
performed by the microwave-excited (2.45 GHz)
high-density (> 10" cm"’? low-electron-temperature (< 1
eV) Kr/O, plasma system % Characteristic of rf-sputtering
plasma such as ion bombardment energy was measured by
the single probe. The FMLS-MFIS structure device with
newly developed Sr(Tag7,Nbg;),Os (100nm, repeating 3.3
nm sputtering deposition and oxygen radical treatment 33
times) was fabricated, as shown in Fig. 2.

3. Results and Discussions

Figure 3 shows XRD patterns of the obtained film formed
by FMLS process and this indicates that Sr(Tag 7,Nbg3),Os is
formed well. Figure 4 and 5 show C-V characteristics of the
device and the memory windows as function of writing
operation voltage, respectively. The result indicates that a
memory window of 1.5 V is obtained under 5 V operation
for the first time in the MFIS structure device with only 100
nm ferroelectric. Maximum memory window is 1.8 V and
this value is equivalent to a coercive field of 90 kV/cm.
Figure 6(a) shows the device structure image and the
process flow of IrO,/STN(150 nm)/SiO,/Si  for
ion-bombardment- energy-assisted sputtering experiment. In
the case of the condition that rf power (R;) and working
pressure (Py) are 14 W and 4 Pa, respectively, the XRD

pattern corresponds to that of Sr3(Tag7,Nbg3)sSisOs, as
shown in Fig. 7(a). In order to suppress the reaction
between metal element and Si, we tried to provide ion-
bombardment-energy to the surface of the film during STN
sputtering deposition by increasing rf power and working
pressure. Figure 8 shows the mapping of the STN deposition
rate of 11 A/min on the rf power—working pressure chart
(Ri-Py chart). The deposition rate is made constant in order
to make migration time of ferroelectric element constant. At
an (R, Py) of (18 W, 20 Pa), the XRD patterns show that
Sr(Tag7,Nbg3)O;5 phase is obtained, as shown in fig. 7(b).
This indicates that it is effective to provide large
ion-bombardment-energy to the surface of the film to
suppress the reaction between ferroelectric metal element
and Si. However, it is difficult to form perovskite
Sr,(Tag7,Nbg3),07 phase. 2Sr(Tag 7,Nbg 3)O5 is composed of
Sr,0, and (Tag 7,Nbg 3),0;. This indicates that Ta and Nb are
not oxidized up to pentad and oxygen vacancy exists. In
order to obtain perovskite STN, 140 nm STN was formed
on the 10 nm STN seed layer formed by oxygen radical
treatment, as shown in Fig. 6(b). At an (Ry, Pyw) of (14 W, 4
Pa), the XRD patterns indicate that Sr;(Tag7,Nbg3)sSi4056
and perovskite Sry(Tag7,Nbg3),0; are fabricated, as shown
in fig. 9(a). On the other hand, at an (R, Py) of (18 W, 20
Pa), perovskite STN is fabricated, as shown in fig. 9(b).
These results are summarized as the fabricated film phase
mapping on the Rj-Ry chart, as shown in fig. 10. Figure 11
shows plasma potential, substrate voltage, and Kr"
ion-bombardment-energy as function of rf power. This
result indicates that, in order to obtain only perovskite STN
phase, the ion-bombardment-energy of 24 eV or more must
be provided to the surface of the film. Figure 12 shows C-V
characteristics of IrO,/STN (140 nm)/STN seed layer (10
nm)/Si0,/Si device at an (R, Py) of (18 W, 20 Pa). The
device shows square hysteresis curves and a memory
window of 1.65V under 8V writing operation. This value is
equivalent to a coercive field of 55 kV/cm.
4. Conclusion

We have newly developed 100nm Sr(Tag7,Nbg3),Os film
by FMLS deposition. A memory window of 1.8V is
obtained in the MFIS structure device with only 100 nm
ferroelectric film for the first time. We have successfully
developed the technology that forms perovskite STN with
large coercive field on amorphous SiO, by
ion-bombardment-energy-assisted sputtering method. An
ion-bombardment-energy of 24 eV or more must be
provided to the surface of the film to obtain only perovskite
STN phase. The fabricated MFIS structure device shows
square hysteresis curves, and a memory window of 1.65 V
is obtained. These technologies can contribute to the scaling
down of ferroelectric gate FET memory devices.

References
[1] Y. Fujimori et al., Jpn. J. Appl. Phys., vol. 38, p. 2285 (1999)
[2] I. Takahashi et al., Jpn. J. Appl. Phys., vol. 45, p. 3207 (2006)

-554-



Electiode for ey i Table I. Sputering conditions of ferroekectric film deposition.
las tation £ w
prsma e electrode 0 250 45 & Se(Ta, .Nb, 1,0, St (Ta, ,/Nb, )0,
Ultraclean gas STN Target E o
supply system e ‘o 200 ¢ 25 5 basic conditi basic condition | Plasna depend:
= 5 - (sced bver)
= w
— m 8 150 | 20 £ [ Gas Kr/0, Kri0, Kri0,
=} a +156
Mgrhi':ﬂ ..'-.'_ ;100 Lio E Rf frequency (MHz) 13.56 13.56 13.56
rcul Subs! E S | Rfpower (W) [R] (14, 4.0)
me‘"l oy | § 50 5 = Working pressure (Pa). [P, ] (14, 4.0) (14, 4.00 (16, 13.3)
- . ) (R.P,) (18, 20,0)
b v 10 12 14 16 18 20 22 24 (22,26.7)
13.56MHz R; Oil-free ultrahigh Rf power [W)
WET SU| M g
e Y e Fig 8 SI'N deposition rate mapping on the | the mte of 0. mria} presaue 6 6 6
Fig 1 Rfsptltmng svstem for ferroelectric  rf power-working pressure chart. -
film deposition. The deposition rate is 11 A i Substrate voltage Floating Floating Floating
Substrate tem perature RT. RT. RT.
Total thickness: 100 nm 0, electrodes Ir0), electrodes [ [ Oxy gen radical
1rO, top electrodes 150 nm i « reaiment
nm
Oxy gen radical treated
Si(Ta,,.Nb, 1,0, (3.3 nm , : € ST seed layer (10 nm)
deposition and oxy gen SiO, S0,
radicaltreatment S [10nm) (10nmy g « STN(140 nm) by sputtering
[|Sputtering plasma condition
Onxygen radical *Diry Oxidlation (900°C) +Dry Oxidation (900°C) was changed, as shown in Table 1.
treated y(r a,,]Nb, ),0) [H0-(10am * STN(50 nm) by sputtering STN(10nm) by sputtering (total STN thickness 150 nm)
seed lav 17+ TR0 Si [Sputtering plasma condition [(R. Py ) (14 W, 4 Pa)] * Oxygen radical treatment
(10 nm 3 3nm x3) was chnn.ged..ns show in Table I .| - Oxygen radical treatment at 400°C for 60 min
. ) '(‘ryslalllzmlon.annealmg at a1 400°C for 60 min = Second crystallization
Ferroelectric multilayerstack MFIS ( FMLS- 950°C for 90 min -First crystdlization annealing at 950°C for 90
MFIS) structure device with Sr(Tay 1,Nb, 11,0, =1r0, top electrodes by annealing at 950°C min
] ) . " sputteri o . , elec
Fig.2 Device sructure image of FMLS- MFIS g = for 60 min i Sputtered IrO, electrodes
structure device with Sr(Ta,;,Nb,;),0,.

Fig.6 Device gructure images and the process flows of MFIS structure devices with and without oxygen
radical treated seed layer for ion-bombardment-energy-assisted spultering experiment.

[ 23 = (Rp Pyt (14 W, 4 Pa)
gg ® Si(Ta,, - .Nb, ;)0 (a) = (Ry. Py ): (14 W, 4 Pa) . (Introducing the seed layer)
2 g e vd 75 W, Neaso; @ Perusite STN
:,,' o | s o= ga = = _ o W Sry (Ta, 7.Nb; 1)681 05
Z ° 7 g —|8l ¥ |88 5 3 s 7 5010,
| - w |~ | i o
g .". 11 L4 ° & \ ol ) ?’ v 3 ;' E *.“ A Mot bl
I | = 't = 11 ekl el |
Frisatod 4 1 oty A " z WY WIRE NN, DI T VOV ) Z il Aol N
i v ord bl = = 5 (Ry, Py ): (18 W, 20 Pa)
20 25 3 3 40 45 50 55 60 § (b) 2 = (lntroduluci:gmesctd layer)
2ThetaTheta = = - — cite §
; [ ] WSH(Ta, - Nb_ .0 = ® Perovskite STN
Fig 3 XRD patterns of newly developed ms b | Yo7 03 = 0o,
Sr(T a,,.Nh,;),0, on Si0,/Si formed by = =i s e F 8 . _
i \ = — e 41 & | el
the FMLS process, p i Zm S o i W H!j Wioo g ‘]
- \W‘**"r.'v-.‘* 'l - F 'fw"., '4-|\u mf,wMW'u.
180 et lical 30 30 40 50 60
150 —— BV operation 20 30 40 7Th§ua'Thela 60 0 - 140 Thda.rThetadt
EMD ==== 7V operation 4 Fig 7 XRD patterns of STN( 150 nm) on SiO), at the :—]I%mf)ig F‘)ﬁ;ﬂ;iﬁi [S'RFN}E m;‘ﬁi f\’n:li g::){a?,cr
& ) i F 4P: 2 Py : 2 1w
= 120 | —<-— BV opecation (R, I’“.?ot (14 W_4Pa) (a)and (18W, 20 Pa) (b), and (18 W, 20 Pa) (b), respectively.
£ 100 P— respectively.
= 1o @
§ 0 4\ operation i f = == ,5.32 Plasmapgtential i:
0% b " 3V operation 2 250 a | 8= o > o
40 » E - | Snm (a) 30 = T 225 & . 258
=200 STN 2lzs= ’ fon bobardment
2 i 5 S0, 253 83520 ~ Senergy 20¢
) 2 150 s (itnin 209|834 . <y 158
4 6 4 -2 0 2 4 6 8 g 15 & SB o ‘_0 = . 109
Bios Voltage [V] 100 - € B
Fig4 C-V charadterigios of IMLSMIMIS | 2 - SrlTay 2Nbosl03 15 5 |88 X i 5 £
structure device with Sr(Ta,;,Nh,;),0,. § 50 s s (Tag 2 Nbo)eSi0x ¢ 2 (&2 a o/ S————Fuibshale volage: | E
10 15 20 25 30 s
o —s 80— 0 s
10 12 14 16 18 20 22 24 : Rt power. (W]
Rf power [W] Fig 11 Plasma potential, substrate voltage, and
Kr* on-bombardment-energy as function of
20 Sr(Ta,, Nb, ,),0, formed by ) rf power.
s :j: FMLS process (33 times) m % ® Ezs{) 150 nm _‘E’,g‘ﬂfgh = A
2 - 'E . _seed laver (b) 30 &
8§ 14 Sopg SO, i o E200 — -8~+8(V) i
3 12 u 2 (100m) s : 125 3 = i
- - perovskite == b~
E i = §‘5° Pe— s | © g 5150
3 08 . ® S 400 | 15 o = — -4~+4 (V)
04 * g 10 € 2100
02 Sr.(Ta,;.Nb, .).O, formed by g 50 & Sty (Tag 1 Nby 308100 5 5
FMLS process (20 times) ©/ g " and perovskite STN 9 = Ap
% 2 4 6 8 10 0 0 50
Witing operation voltage [V] 10 12 14 16 18 20 22 24
Fig. 5 Memory windows of the C-V curves of Rf power [W] - - - -
8 £ 4 2 1] 2 4 3] 8

FMLS-MFMIS devices as function of writing

operation voltage. Bios Voltage [V]

Fig 12 C-V characterigic of IrQ,/SI'N ( 140 nm)/
STN seed layer (10 nm)/SiO,/Si device at an
(R, Py )of (18 W, 20 Pa).

Fig 10 The mapping of the fabricated film phase on
the ReP,, chart. The substrates are SiO,/Si (a) and
ST'N seed layer/SiO,/Si (b), respectively.
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