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A Study on Ceramic Heater Devices Based on Si;N, with a MoQO; Protective Layer
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Abstract: Currently, the need for high performance heaters for industrial application is increasing, and
repeated wear, rapid temperature change, and uneven temperature can cause deteriorating quality and
reduced productivity. The ceramic heater in this study consists of a substrate, an electrode layer, and a

protective layer, and low-melting temperature glass frit was used for all layers to allow low-temperature

processing. As a substrate for the ceramic heater, SisN,, which is twice as strong as AIN and has excellent

wear resistance, was used. As the electrode material, Ag-Pd, which provides good adhesion to the SizN,
substrate and high electrical conductivity was used, and MoO3; powder was mixed 8 : 2 to make a paste. The
MoOj; adjusts the resistance of the Ag-Pd electrode, thereby supplementing the heater performance. Si3N4
powder and glass frit were used for the protective film layer that protects the electrode, and MoO; was added

to unify the materials between the layers.
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Table 1. Paste condition table according to MoOj ratio.

Glass Frit : SizsN, MoO;wt%

25%

20%

8:2 15%
10%

5%

Table 2. Paste condition table according to firing temperature.

Glass Frit : SizN, - MoOs Temperature

750°C
800°C
850°C
1000°C
1200°C

8:2-10wt%

—

Ball mill (150rpm 24h)

I Binder (Ethyl cellulose system) I

I Dispersing agent I

[ Mixing (300rpm 15min) |

| 3-roll-mill |

Fig. 1. Paste manufacturing processes.

Table 3. Resistance according to electrode paste conditions.

Ag-Pd MoO; addition(wt%) Resistance
8:2 10% 83Q
8:2 20% 3kQ
8:2 30% 15kQ
8:2 40% 28kQ)

ST T FEks IS
Eo] HALE 97| $I5ted ethyl celluloseZl HRRIEE
40 wi% =gk Fol FAAIE 0.1g H7FHL 3-roll-mill

S AFEEtY] Ho|2E EFS dE] #dg Mo Fo]
2EE A Z3ATH

£ 32 HAF Fo]2ES] wig 27oR 8:2H] &9 Ag-
Pdol MoO; ¥$HE 10 wt%, 20 wi% 30 wt%, 40 wt%
= Z7Fske] 800°C, 10 min 224 ol A&S Felsii).
MoO;9] HI&Z A3S 2dsle 3Ee] Bd7e S A
o] zHoR AT £ UYL BIEHe] HAHS &
R A=

ball-millZ2 &3sta Ho]X~

Fig. 2. Electrode pattern design



Table 4. Heater element EDS measurement data.

P BHIHF(A) AgPdAF Q) SizN, 713 (3)
Mo 6.7 wt% 30.58 wt% 4.54 Wt%
Si 18.32 wt% 3.73 wt% 2131 wt%
Al 3.58 wt% 0.19 wt% 1.02 wt%
Ag 16.39 wt% 32.39 wt% 17.03 wt%
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Fig. 3. Structural design of heater elements.
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Fig. 4. XRD data according to change with variation of MoO;
Addition ratio.
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Fig. 5. The trend line of the lattice strain according to the addition
of MoO;.
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Fig. 6. The trend line of the lattice size according to the addition of
MOO}.
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Fig. 8. XRD data according to change with variation of sintering
temperature.
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Fig. 9. The trend line of lattice strain according to sintering
temperature.
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Fig. 10. The trend line of lattice size according to sintering
temperature.
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Table 5. Measurement of temperature deviation according to
electrode pattern conditions.

Electrode width  Electrode thickness Tempprgture
deviation
200 3°C
300 pum Hm
300 um 3°C
400 3-4°C
400 pm Hm
500 um 4-5°C
200 um 200 um 1-1.5°C
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