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Abstract: During the co-firing of Smo.sNao.sTiO3-Smo.sLio.sTiO3 (SNT-SLT) isostructural perovskite bilayer ceramics,
interfacial residual stress arises from mismatches in lattice parameters and thermal expansion coefficients between the dis-
similar layers, which in turn induces extrinsic dielectric loss at the interfaces. Although the isostructural perovskite bilayer
design can partially alleviate this stress, the improvement in dielectric loss remains limited. In order to further suppress this
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interfacial extrinsic dielectric loss, this study designed and fabricated a trilayer ceramic by introducing an SNT-SLT solid-
solution intermediate layer. The phase composition, microstructure, and interfacial characteristics of SNT+xg(SNT-
SLT)+SLT (x=0.0~0.20) samples were systematically investigated by XRD, SEM-EDS, Raman spectroscopy, TEM, and
their microwave dielectric properties were evaluated. XRD results indicate that all trilayer ceramics retain a single ortho-
rhombic perovskite structure without detectable secondary phases. In the Raman spectra, the red shifts of the Ti—O stretching
mode and the A-site cation vibration mode indicate local lattice relaxation, confirming that the introduction of the solid-
solution interlayer effectively relieves interfacial stress concentration. TEM observations reveal that the intermediate layer
exhibits uniform lattice fringes with spacings falling between those of SNT and SLT, reflecting the formation of a solid
solution. Meanwhile, EDS analysis shows directional diffusion of Na* from the SNT side to the SLT side, corroborating
that an appropriate amount of the intermediate layer facilitates the formation of a smooth compositional transition zone.
When the intermediate-layer addition is 0.10 g and sintering is carried out at 1200 ‘C for 4 h, the trilayer ceramic preserves
a dielectric constant (&= 69.5) and temperature stability (77~ +2.1 X 10® “C-') comparable to those of the SNT-SLT bilayer
system, while showing markedly reduced dielectric loss, as reflected by an improved Q xf value of about 3413 GHz. These
results demonstrate that introducing an SNT-SLT solid-solution intermediate layer enables a smooth compositional transi-
tion across the interface, effectively relieves interfacial stress, and suppresses extrinsic dielectric loss, thereby providing an
effective strategy for tailoring the microwave dielectric properties of multilayer isostructural ceramics.
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characteristics

FEBARTELIEAE RG A it NEAE . SRR
PR AT R, R R AR IR
B PBR LR DR PR SE AR DA R, 0 A
FLPERE P R AR A L R (er) s BT R S IR AR
PO/ K F L R B (1) 55 = A KBS H
TR R ERES), P B M AT S, R
PN B H A D TR, ZME S B HLERE
1%, IF SIS 2 0o MRS Z R &
SR AR U A 47 B B AR B PR RE R S —
WAE, R4 RN RTRI B 2B R
8, Horb, W AMEERHEHAAIE. fUBRIE
FHHI R TR R AT AR, o7 AR
e S o AR R, JF B RiR=A R
o2 1 TR I 44 T g 0 010,

HuffERUZRZ ZR 5, ZRETRHR
R RME RIATE A AW, T AHF AL
R T B2 )2 BB FURRT R > BTk, A
TAERTHAXS [F )& T ABOs B 45 4 1) xgLao sNag sTiO3-
(1-x)gSmo sLio sTIOs(LNT-SLT) X Z &I B T R4
PERTTL. (ZWERRN & 5 o BIEREENP, o
AR LR K &

Ing,=v;Ing,q +v,1neg,y (1)

KA, en Al e P AFRAS 1 4L 2 AR
B v A v 23RN AN AR AR S B

=T, T, 2)

=R e

J. Inorg. Mater., XXXX, XX(XX): XXXX

S, o Bl M RIFRAS 1 RIS 2 BRI R
TR R M A B W A A BRARRE TT 2 A HE S
FEHARARMEIFER A . RMEBEIRE T 2L 8 50
T RGEMIMEAE, R B B R
FEo T ARAAESRE R T 44 Rb ] % 3 72 b 51N %
TGO LS MBI, LA AR BRI . A4, B AR,
I VY& T R Y e
I LNT-SLT XWZM &Mk R, x=0.5 Ho1E
1250 ‘ChE4h 4 h 264 F AT RAFIEE o H(=-3.1X 107
6 C-y, LA RN 6~76.5, Oxf=1421GHZ, iiF
ST U [ S T R e A R e o T A R A T
(A P (E = £ B B o e S 7L< T = '
TR DX 3 A% W AR DA R R i TR, B
JRBUFE (tand=1/Q) A T3 m,  BD O xf fE A%

Sk, wA AR SOE RS R H A
fr B E A Sm** ) SmosNagsTiOs(SNT) 5
Smo sLio.sTiOs(SLT) AR G XUZ B itk & o o,
SNT i & (e A R PE RSN : 62100, 0 %f<8993 GHz,
T=+190X 100 C-1U21; SLT Wi B AR A Bt BB -

PR R P R AE AR, #E 1200 Che
45 4h Z1FF, 0.9 g SNT-1.1 g SLT XUZ Fa & 15k
A HPEREN: 7-1.1X 106 C1\ £269.6. Qx/~3043
GHZU', %44 0] 7 AR AR T 10 Ak 1 25 7 B &
MEEAS, A RBRFEST FTREAR. LA, R’
# SNT 5 SLT )@ I BARA 45k, (R IR ik

www.jim.org.cn

T

3 [x1]: 51 SO AFZERIFRHETLIE, HISEA A7 B
TBAE J 3L




S KRR, S

(T [ VA A o 7] 2 19 Smo.sNao sTiO3-Smo.sLiosTiOs = 2 B %5 it 45 W HFAIE 2 Bl A v PERERIF 500 3

S AN UL 5 A K R B — B % 57
MRER S E FLIH X T 37 AR B A B 7 B it W S
B3 O/ H TR TH 25 1A«

Hk, AHFRIRHELE SNT 25 SLT E [ 5]
O\ SNT-SLT [l 4 AF Ay el 22, 5k B R e [ 7 4 v
) ZTEH o LRSI E T, SR AR SR T AL I A SR IC
SN S, T SEBLZ B2 T B R MR 0 xf
R — 2. — 75T, LT SNT-SLT XUZ
M S L RIEE o415 0.9 g SNT-1.1 g SLT {E
RFER)Z s T, R A e ] 2 0 i [ R
IE%E 1) 0.37SNT-0.63SLT Fi#k £ (7=-4.35.
0%f=5102 GHz. &~96.8)1131, LI{E#E I SNT+(SNT-
SLT)+SLT =ZFJ& o HM Sl Hork, & piil
i X SR ATH(XRD)~ 42 T A - B R e O
1 (SEM-EDS)- i % Yt 1 (Raman) & & 5 B T &5 S B
(TEM)XS MR AR ZE A0 O 465 K B S TR ALE 3 AT
RGRAE. WAL, MR A s RE DR b )2
X e OXf Bt HIRWARE. 25 L, @5
N AR, BRI, il ) &
RZZWEARR A ARESIFE. T H G VERe
RO .

1 SEFE

1.1 X HHE

S SR FH A 45 [ M I BTl SNT. SLT K
[ AR B R R A, R B in R ) T 2 U
S EEAE M.\ NaC0s(=99.8%) -
Smy03(299.99%) Li20(=99.99%) Hl TiO2(=99.0%)
T 2 AR ]V A o ) 2 ) TR 4 4 R
Smo sNagsTiO3(SNT) SmysLiosTiO3(SLT) Al
0.37Smg sNag sTiO3-0.63Smy sLio sTiO3 fh2 1 & LLFR
W ARMREIE, (EIKZEEPEREE 120, T 100 C
T4 2 ho TS O RHE D 3dp R e, Hodh, SLT
Ribeii R 950 C, ARSI ER A 0.37SNT-
0.63SLT 7 SNT ZH 7 #H % il L8 v, [F A S 7
FERE T BE AT, WO B PR IR S SNT — 8
N 1050 C, LRI R 4 he RERESE Mk A B

J. Inorg. Mater., XXXX, XX(XX): XXXX

% 0.15 mm Ffi(100 H), HIINJFEE 5 8% IR L)%
P (PVA)IE HI o

% SNT 2% SNT-SLT [ #1424 SLT E 1)
NG A b AR AR E op, Hodh SNT-SLT & 44 )2
P& 59 0. 0.05. 0.10. 0.15 % 0.20 g, #J%k
MR/ = 2 E K . Ky RTE 300 MPa ¥ 55 ) T
IEHIER, BRI 600 CF A 2 h #EATHER
AEFE, FEMAE 1200 C FORIR 4 h BEAT &%, FHRH
2 ‘C/min, 375 0.9 g SNT+x g (SNT-SLT)+1.1 g
SLT(x=0.0~0.20) = JZ P & i, %Ak R0 AR A
SNT+xg(SNT-SLT)+SLT. F7ke il = JZ Wi % ik Af (UL
x=0.10 Bt S B WIE 1 fioR. b, XHF SEM %
TERIARE S, TR VIR AT S . Hle
PJE(1100 C/1 hy4bHE.

—

/ SLT layer
-—<: Solid solution layer

SNT layer

J& 1 SNT+xg(SNT-SLT)+SLT(x=0.10) = JZ M ZHE
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layer ceramics with different intermediate layer additions
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Fig. 3 SEM images of the cross-section of SNT+xg(SNT-SLT)+SLT (x = 0.10) trilayer ceramics
(a) SNT layer; (b) Solid solution layer; (c) SLT layer
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(a) 0.05 g; (b) 0.10 g; (¢) 0.15 g; (d) 0.20 g
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Fig. 5 EDS spectrum of SNT+xg(SNT-SLT)+SLT (x = 0.10) tri-
layer ceramics
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Fig. 7 TEM images of the intermediate layer of SNT+xg(SNT-
SLT)+SLT (x = 0.10) trilayer ceramics
(a) Low-magnification morphology; (b) HRTEM image
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Fig. 8 Microwave dielectric properties of SNT-+xg(SNT-SLT)+
SLT (x = 0:8~0.20) trilayer ceramics
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