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Table 1 Experimental data of X7R ceramics

AC/Cs50¢/%

No Nb2Os/g ZnO/g CeO2/g Nano/g 7550(3/ = ngOC tgd/ %
1 1.558 0.500 0.527 1.855 2801 —6.00 4.38 1.30
2 2.175 0.444 0.186 1.336 2822 0.80 5.48 0.98
3 1.881 0.667 0.732 0.818 2673 —1.77 7.93 2.00
4 2.629 0.571 0.391 0.300 2426 +8.49 11.13 4.50
5 2.149 0.851 0.050 2.027 2665 -12.15 —4.58 2.90
6 3.050 0.709 0.595 1.509 2305 —5.12 13.32 1.30
7 2.351 1.056 0:255 0.991 2803 0.46 5.43 0.80
8 3.435 0.857 0.800 0.473 2191 —6.86 9.96 1.70
9 2.477 1284 0.459 2.200 2446 —2.14 —1.58 0.60
10 3.779 1.018 0.118 1.682 2264 —6.54 5.17 2.30
11 2.513 1.539 0.664 0.991 2586 -0.97 8.14 2.40
12 4.076 1.194 0.323 0.645 2185 -0.17 11.23 4.00
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Table 2 Multiple non-linear regression equations of experimental parameters

Dielectric constant £=3318-313Nbs05-345Ce0s+425Nano-196Nano?+23.6Zn0> @
€ S=53.70 R — S4=97.3% F = 43.54 > Fy.01(5,6)=8.8

Variation rate at 125°C Ag=-8.41+3.45Nby 05-5:28Zn0+37.3Ce02+ 10.2Nano-33.7Ce03-5.48NanO” @
An S=1.569 R~ S,=95.9% F-=.19.70.> Fo.01(6,5)=10.7
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Table 3 Experimental data to prove the multiple non-linear regression equations
No. BaTiO3 NbsOs5 ZnO CeO; Nano € An

/g /g /g /g /g Theory Experiment Theory Experiment
14 100 1.89 0.72 0.6 1.2 2756 2768 8.979 9.520
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Table 4 X7R ceramic formulas optimized by multiple non-linear regression equation

g AH
No. BaTiO: Nb2Os ZnO CeO Nano
3/8 20s/¢ /e 2/8 /e Theory Confidence Theory Cnfidence
value interval value interval
15 100 1.42 0.419 0.553 0.731 2890  (2796,2985) 9.18 (6.11,12.25)
16 100 1.42 0.419 0.553 0.931 2910  (2818,3003) 9.40 (6.37,12.44)
17 100 1.42 0.419 0.553 1.131 2914 (2822,3007) 9.19 (6.13,12.26)
x5 XTRERMMAME HFLLEKE
Table 5 Experimental data of optimized X7R ceramic formulas
No.  Nb2Os/ ZnO/ CeO2/ Nano/ € AC/Caec tgd /% /Q-cm
: 2Ds/8 & 2/8 8 55°C  125°00 ol P
15 1.42 0.419 0.553 0.731 2880  -1.58 8.94 0.77 4x10"
16 1.42 0.419 0.553 0.931 2929 —0.81 11.30 0.74 1.5x10M"
17 1.42 0.419 0.553 1.131 2950 —-0.80 10.22 0.91 3.6x10M
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Multiple Non-linear Regression Analysis for Complex Doping of
X7R MLCC: Ceramics

ZHOU Xiao-Hua, ZHANG Shu-Ren, TANG Bin; LI Bo

(School of Microelectronic and Solid State Electronic; University of Electronic Science and Technology of
China, Chengdu 610054, China)

Abstract:  The multiple non-linear regression analysis method was applied to build up the
non-linear regression mathematical model y = by + Y. bizi +7 biix? +> biii:vf’, and the complex
oxides were used as effective-dopants to X7R ceramic powders of multilayer ceramic capacitor
(MLCC). The non-linear tegression equation regarding the relationship between the dosage of
different dopants and the dielectric properties was established based on the testing data. Moreover,
the modification mechanism of dopants on the characteristics of the ceramics was explained in this
paper. The regression equation suggests that with the increase of Nb and Ce addition to BaTiOg,
the dielectric constant decreases, which is consistent with ”core-shell” structure theory. According
to the multiple regression equation analysis results, the dosage of different dopants was adjusted
to develop the environmental friendly X7R MLCC ceramics. The main features of the BaTiOj3
ceramics sintered in air atmosphere at 1140°C are eqgsx = 2900450, tgd <1.0%, p > 10 Q-cm,
AC/Ca50c(—55°C~ +125°C)< £15%.
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