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(a) Schematic diagram of Mn ion doping structure
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(c) Change of unit cell volume with the mass fraction of Mn
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mass fraction of Mn
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(a) Hysteresis loops of different
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the samples with different Mn doping amounts under 8 kV/mm electric field
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Table 1 Comparison of pyroelectric coefficient, dielectric constant, dielectric loss, figures of merit and depolarization

temperature of ferroelectric ceramic

Pyroelectric coefficient Dielectric Dielectric F,XIOIO/ F,x10% FdX105/ 5
Component 3 Y . 1 2 1 172 T/ C
px10°/(C-cm ~K™) constante,  losstand  (m-V ) (m~-C") Pa

0.96NN-0.04BT—0%(in mass)Mn 1.52 303 0.021 0.55 2.06 0.74 324
0.96NN-0.04BT—0.2%(in mass)Mn 1.66 192 0.012 0.60 3.55 135 315
0.96NN-0.04BT—0.4%(in mass) Mn 2.11 232 0.014 0.77 3.74 1.45 311
0.96NN-0.04BT—0.6%(in mass)Mn 2.10 346 0.018 0.76 2.49 1.03 302
NN-0.5%(in mole)Bi,03—1%(in mole) MnCO;"**! 1.85 0.67 3.33 0.90 280
0.95NN-0.05Bag ¢(Big sKo.5)TiO;!! 1.88 332 0.033 0.63 2.13 0.63 284
0.97KNN-0.03BKT-0.8%(in mass) MnO"¥ 221 1277 0.031 0.90 0.80 0.48 350
0.95AgNb0;-0.05LiTa055 3.68 252 0.022 1.38 6.20 1.97 130
(BipsNag 5) TiO3—0.1%(in mole)MnCO;>*! 2.90 291 0.010 1.03 4.05 1.86 205
0.93BNT-0.07Ba(Zr0.055Tig.045)03-0.125%(in mole)Mn*”! 6.10 217 2.30 1.26 72
LiTaOs-crystal*® 2.30 47 0.001 0.72 17.00 15.70 620
Sintered PZT in normal pressure ) 1.72 270 0.011 0.50 2.10 0.98 212

3 i
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0.04BT M &R IES . rEERE . B AR e A
BRI REREAT T AT L. SRR, B8 Mn
BT R ENE T 0.96NN-0.04BT Ve B be st ik,
Pem T BUEME, e gl BT Hh 28 4y A X FE 30K B
95%LA I, NN-BT P& stk R~ il 45 4 5 1 3 K
K. BE Mn B3RS BN IZEIE R, BEE
MR R A AR 24 Mn (45 24 i8R 4 B0 <<0.4%H
BEA% T IR Na'#E R mr=E AR SR, AF T
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WIZIRB AT 1.3 5A0 1.8 1% . Fomidy th kB 2«4
I3 4.04kV/mm AZ N 3.17 kV/mm, FRET 21.5%.
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Effect of Mn Doping on Pyroelectric Properties of 0.96NaNbO3;—-0.04BaTiO; Ceramics

LIU Yiyang, CEN Fangjie, FAN Mingzhi, LUO Fangyuan, JIANG Shenglin, LI Kanghua, ZHANG Guangzu
(School of Integrated Circuits, Huazhong University of Science and Technology, Wuhan 430074, China)

Extended Abstract

Introduction Pyroelectric materials are widely used in the field of infrared detection. With the development of miniaturization and
integration of devices, it is particularly important to develop lead-free pyroelectric sensitive elements with superior pyroelectric
properties and high depolarization temperature compatible with reflow soldering process. In this paper, different mass fractions of Mn
ions were doped into 0.96NaNbO;—0.04BaTiO; matrix materials via a component gradient design. The effect of doping amount on the
microstructure, ferroelectric properties, dielectric and pyroelectric properties of 0.96NaNbO;—0.04BaTiO; ceramics was
systematically investigated. The results show that when the doping amount of Mn is 0.4%, the ceramics have the optimum
pyroelectric properties, which has a practical prospect of uncooled infrared detection.

Methods All the components of sodium niobate ceramics were prepared by a solid-phase sintering method. The series of
components were weighed according to the stoichiometric ratio, and the raw materials with anhydrous ethanol were ground in a
stirred bead mill with zirconia beads at 400 r/min for 6 h. After being dried and shaped, the ground material was was pre-sintered at
1000 C for 4h, and then subjected to milling and drying. Green wafers with a diameter of 12 mm were prepared by pressure cold
isostatic pressing at 200 MPa for 5 min after adding 10% PVA. The wafers were degummed at 600 °C for 2 h to remove organic
matter and other impurities. To prevent the volatilization of sodium at a high temperature, the padding with the same composition was
used for burial treatment, and the padding was kept at the corresponding temperature for 3 h and then cooled naturally. The sintered
ceramic wafers were ground to fine particles with the size of 300 um, coated with silver electrodes on both sides, and polarized in
silicone oil under an electric field of 8—10kV/mm at 80 ‘C for 15 min. The electrical properties were tested after 24 h.

Results and discussion The microstructural morphology, dielectric properties, temperature stability, and pyroelectric properties of
0.96NN-0.04BT ceramics doped with 0-0.6% Mn are investigated. The results show that doping Mn ions significantly improves the
sintering characteristics of 0.96NN-0.04BT ceramics, enhances the density, and the relative densities of all components reach above
90%. The NN-BT ceramic grain size increases with the increase of the doping amount. The substitution position of Mn ions causes
changes in the electrical properties of the ceramic as the Mn doping content increases gradually. The concentration of oxygen
vacancies caused by Na' evaporation decreases when Mn ions substitute for A-site vacancies, which is beneficial to reducing the
ceramic dielectric constant and dielectric loss, thus significantly improving the detection sensitivity factor. However, as the Mn
doping content further increases, the imbalance of charges is prone to attract oxygen vacancies to form defect dipoles due to the
heterovalent substitution of Mn ions on the B-site, thereby producing domain wall pinning effects. Also, the defect dipoles cause the
increasing coercive field of the doped material and make it difficult to fully polarize, resulting in the material that is unable to fully
utilize its pyroelectric properties.

Conclusions The ceramic could have more suitable characteristics for pyroelectric requirements via appropriately adjusting the Mn
doping concentration. The ceramic with Mn ion doping mass fraction of 0.4% had the optimal pyroelectric performance (i.e., the
pyroelectric coefficient of 2.11x107° C-ecm™-K™', and the F, value of 3.74x107m?*-C™"), which was greater than 1.3 times and 1.8
times of the un-doped component. The coercive field reduced from 4.04 kV/mm of the un-doped component to 3.17 kV/mm, which
was decreased by 21.5%. The results of the thermal stability test proved that the depolarization temperature could be maintained at
310 °C, which had a practical prospect for non-cooled infrared detection.

Keywords sodium niobate ceramics; pyroelectric ceramics; manganese doping; high depolarization temperature



