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Microstructure and Properties of Yttrium Iron Garnet Ferrite Ferrite Joint Fabricated
by Magnetic Microcrystalline Glass
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Abstract: In order to obtain a polycrystalline yttrium iron garnet ferrite (YIG) joint with both structural reliability and
electromagnetic function matching, a new Bi,03-B,0;-NiO-Fe,O; glass is designed to fabricate YIG ferrite. The wettability of the
glass on the surface of YIG ferrite, typical organization, the impacts of brazing temperature to the microstructure of the joint and
mechanical properties is investigated. The result shows that the glass have a well wettability on YIG joint. Some Al was incorporated
into the glass solution during melting process and replaced Fe** in NiFe,0, and YFe;B,0,,. The growth of NiFe,O, and YFe;B,0Oy; is
promoted due to the smaller radius of AI*" and smaller lattice distortion. Small NiFe,O, particles in the seam transform to large
blocky organization as the temperature goes up, proving that high temperature has a positive effect on NiFe,O, aggregation. The
glass-YIG joint has a high shear strength and reaches its maximum of 71 MPa at 750 °C, then the shear strength decreases with
increasing temperature, dropping to 47 MPa at 800 C.
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Fig. 3 Raman spectra of prepared state glass brazing powder
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Table 1 Raman vibrational peaks and corresponding characteristic vibrational types of prepared state glass braze

Vibrational type Wavenumber/cm ™'
Tonic vibrations of Bi*" in the [BiO4] octahedral unit 140

Tonic vibrations of Bi*" in the [BiO5] triangular unit 210
Symmetric stretching ion vibrations of Bi—O—Bi in the [BiOg] octahedral unit 326-336
Symmetric stretching vibrations of Bi—O—Bi in the [BiO;] triangular body unit 440471
[BOs] Bending vibration of B—O—B in a triangular body unit 700
Asymmetric stretching vibrations of B—O in [BO;] triangular and [BO,] tetrahedral units 1295-1313

BOJ  [BiO,]
AY

Transmitance

BiO,] —
(B0 7=

1 1 1 1 1
1800 1600 1400 1200 1000 800
Wavenumber/cm™

B4 & ASTORERROR A I TR il
Fig. 4 1R spectra of prepared state glass brazing powder
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Table 2 IR peaks and corresponding characteristic vibration types of prepared state glass braze
Vibration type Wavenumber/cm '
Vibrations of Bi-O-Bi and Bi-O in [BiOg] octahedral units 2 455
[BOs] Bending vibration of B-O-B in a triangular body unit *"??! 680
Stretching vibrations of Bi-O in the [BiO;] triangular body unit *-*! 807-847
[BO4] Telescopic vibration of B-O in a tetrahedral unit%! 1123-1143

K5 BasstRHE YIG R FEEAT A
Fig. 5 Wetting behavior of the glass braze on the YIG ferrite
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Table 3 Distribution of elements by position in Fig. 5
X/%

Location  Bi B Ni Fe (6] Y Phase

A 298 2062 0 3.58  56.19 15.64 YBO;
B 1.16 0 039 40.14 56.08 0 Fe;03

C 0.71 1487 0.28 15.87 63.87 4.41  YFe;B4Op,

X is mole fraction.
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Fig. 6 Microstructure of the joint after holding at 700 ‘C for 30 min
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Fig. 7 Microstructure of joints after holding at different temperatures for 30 min
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Table 4 Distribution of elements by position in Fig. 6
X/%

Location Bi B Ni Fe O Y Al Phase

NiF6204
A 0.17 0 1423 1565 5556 0 1440

{EBFE-YIG FH1H 1A YALFes (B4O o A7 7E DL (NiALFezx04)
B UKL Fe, 05 #41E YALFes ,B4O1 Al YBO; B 057 0 059 3843 5890 0 151  FeO;
‘ZI‘ETJ’ ﬁ;ﬁﬁﬁk*ﬂ@ﬁﬁgﬁ FCQO3 %%E??‘Ej:ﬂéﬁk’ Cc 0.66 0 0.21 3725 6031 0.19 138 Fe,0;

K8 K7 oXmEa
Fig. 8 Distribution of elements of the o zone in Fig. 7
x5 ETHESHENETENH
Table S Distribution of elements by position in Fig. 7 and Fig. 8 X%

Location Bi B Ni Fe (0] Y Al Phase

A 1.65 18.56 0.2 6.43 60.17 3.75 9.25 YAl Fe;.B4O12

B 1.15 19.09 0.32 7.31 59.14 4.25 8.75 YAlFe;xB4O1n

C 0.6 0 0 37.61 59.55 0 2.24 Fe,0;

D 5.43 26.44 0 0.45 55.80 11.04 0.49 YBO;

(a) 700 C (b) 750 C (c) 800 C

B9 ANIF)I FE AR 30 min 3k BEE-YIG SO 2
Fig. 9 Microstructure of glass—YIG interface of joints held at different temperatures for 30 min
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Fig. 10  Shear strength of the joint at different temperature
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