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Structure and Microwave Dielectric Properties of Zn>* Doped SrAlLSi;Og Ceramic

ZHU Hui, DING Shihua, ZHANG Yun, SONG Tianxiu, LI Chao
(School of Materials Science and Engineering, Xihua University, Chengdu 610039, China)

Abstract: (Sr;_.Zn,)Al,Si,05 (x=0, 0.005, 0.010, 0.030, 0.060) microwave dielectric ceramic was prepared by a solid-phase sintering
method. The effect of Zn®* doping content on the crystal structure and microwave dielectric properties of SrAl,Si,Og (SAS) ceramic
was investigated. The site (Sr** or AI*") was determined by the first-principle calculation to confirm the site occupied by Zn*". The
result shows that Zn** substitution can increase SAS Oxf value (from 37 502 GHz to the maximum value of 48 252 GHz), and
improve the density and zyvalue. The (Sr99Zng;)Al,Si,Og ceramic sintered at 1500 ‘C for 5h has excellent microwave dielectric
properties(i.e., &=7.0, 0xf=48 252 GHz, t=—36.35x107%/C).
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ar s, HUR SR R ITE IR AE(6.973 7 e V) HLEUL
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F 1 Zn* B SAS FREILAME RGeS TR AL AE
Table 1 Final energy and formation energy of different
sites of Zn”—doped SAS ceramics

Occupying site Final energy/eV Formation energy/eV
Non-Zn —37432.9397

Sr —38299.8956 6.9737

Al -39 078.506 6 10.1952
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(JCPDS 70-1862, monoclinic crystal systems, 12/c(15)).
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Fig. 1 XRD patterns of (Sr;_,Zn,)Al,Si,0g ceramics
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BHUNM(x<<0.010), Zn* ES5EEU SP R, Zn® it
A SrALSi,Og 5 ik g, 4 Sr*t ik Air
B, J(Sr,Zn)Al,Si, 05 B ¥4 . 11T Zn* 42 (i
R CN=6, R=0.074 nm)tt Sr*"2£4%(0.125 nm)/)N,
MM AE1S SAS AR B N

K2 (SriZn)ALSi,Os MEH MM SR E R R AR

Table 2 Lattice constant and unit cell volume of (Sr,_.Zn,)

Al,Si,Og ceramics
X a/nm b/nm c/nm VcCu/nm3
0 0.83896 1.29733 1.425 44 1.404 19
0.005 0.83936 1.296 83 1.42548 1.404 11
0.010 0.83955 1.29595 1.424 81 1.40218
0.030 0.83873 1.29785 1.42503 1.403 01
0.060 0.83930 1.29712 1.42551 1.404 50

2 x>0.010 B, FaREREah 0 i LARRIE .
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IRFERR RS54, 0P 2 . DU IR0 E 2 e Sit
AR, DUTHARTR S B O didE, PUmmifk 1A
RS 4 AT AETE = dE 2 S5 . T SR
HATME— MBI ES 7, SAS RSS2, 2

i, KAFAE 1 Am 2 A =M EE FIURES T
N TP, RS R R 5N E A B B
RAPRFIBR Sr™ B4 A5 75 5 R0 4 45 4 1) 52
P L R, ST L 7~9 AN SRR ES AT
FEI) iz e o e T R A TR N
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Fig. 2 Crystal structure of SrAl,Si,Og ceramics
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Bl 3 N(Sri.Zn,)ALSi,Og P EEFE it 3 FE Bl e 45
BRI L2 . BB 3 AL 2 0<x<0.060 I,
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LA 3, M x=0 1, FEREHEE 3.048 glom’,
R A TR AR B B (p=3.080 g/em’) ) 98%. 34
0.010<x<<0.030 I}, [ Zo® BUREI N, FE S
B0 BN, 76 x=0.030 B}, &% G
B KAE 3.079 glem®, AHXS B FEIAF] 99%. 1X & i1 T
Zn BB BRI (x>>0.010), #43 Zo® B AT
J AR A BB S B 5 FE I aR(3)], A L I B
TRHEPeEE Y MU BT, R NGEZF R, (E3E SAS B
BHENRLE, MXHEEE K. M, 4 x=0.060
I, B RS RE S AR T 2 B B AR FEAAE, HAEA
99%. HXIARFER) Zn” BACE, BB RAE T
HIRE S TR A0 AT, LU L 5 08 45 TR 5 R G
AUWFE 3 PR,
2.4 SEM 7 #h
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VAR AL I SEM . & 4a TTHN, SRR Zn®
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Fig. 3 Density curves of (Sr;_,Zn,)AL,Si,0Og ceramics sintered
at different temperature

B, PR EEIREE M. 24 0.005<x<0.010 i,
W) kL S AV IR AR N R (B 4b~F dc), g R
SRS, BEIARINIE 21 Zn®, BELIAL SR
Y Zn” BUR AL 2 I (x=0.060), Sk /INTRLR
m T ARG, BT RS A, 2

(a) x=0

LG MR B, R, FEE
FE AR B S5 IR B I I (T=1 500 °C), & /b E i mlAf
AR AFRES NHERE SRR HE. B
A0 T2 BB A RS R e 48 I (AN [R) I AR 4k
BRI AR AL 1) BARJE R H AT I AN KIS, (22
AN I Gt AT PAFESCHER[ 1410 WL 523, A itk —
TN

% 3 AE Zn™ B E T (SrZn)ALSi,Oy KIKELEIRE
D) BE@)FIHEXZEE (o)
Table 3 Sintering temperature (7), density (p) and relative
density (p..) of (Sri_,Zn,)AL,Si,Og with different
doping amount of Zn*"

x 7/°C plgem™) Piel%
0 1475 3.048 98
0.005 1500 3.035 98
0.010 1550 3.038 98
0.030 1400 3.079 99
0.060 1500 3.045 99

() x=0.010

(d) x=0.030

(e) x=0.060

Bl 4 (SriZn,)ALSi,Os(0<x<<0.06)Fa&FE 1) SEM [}
Fig. 4 SEM images of (Sr;_.Zn,)Al,Si,0g (0=<x<:0.06) ceramics
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Fig. 6 Oxf value and packing fraction value of (Sr;_.Zn,)
Al,Si,0g4 ceramics
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Fig. 7 Changing carve of 7y value of (Sri_Zn,)Al,Si,Oq
ceramics
3 &
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