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RF High Power Amplifier Module using AIN Substrate
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Abstract

In this paper, a high power RF amplifier module using AIN substrate of high thermal conductivity
has been proposed. This RF amplifier module has the advantage of compact size and effective heat
dissipation for the packaging of high power chip. To fabricate the thru-hole and scribing liné on AIN
substrate, the key parameters of CO: laser were experimented. And then, microstrip lines and spiral
planar inductors were fabricated on an AIN substrate using the thin-film process. The fabricated
microstrip lines on the AIN substrate has an attenuation value of 0.1 dB/mm up to 10 GHz. The
fabricated spiral planar inductor has a high quality factor, a maximum of about 62 at 1 GHz for a 5.65
nH inductor. Packaging of a RF power amplifier was implemented on an AIN substrate with thru-hole.
From the measured results, the gain is 24 dB from 13 to 15 GHz and the output power is 33.65

dBm(2.3 W).
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Fig. 1. RF module using ceramic substrate.
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Fig. 2. High power RF module using integrated
AIN substrate.
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Table 1. Process conditions for thru-hole.
Process Parameters
Focus length(mm) 3
Laser Air blow(!/min) 20
TLT(ms) 100
Mol PP(ms) 09
peoee PW(ms) 0.36
Duty(%) 40
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Fig. 3. SEM image of thru-holes drilled into
AIN substrate using the CO: laser.
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Table 2. Process conditions for scribing line.
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Table 3. Process conditions of thin film process.

Process Parameters Parameter
Focus length(mm) 3 Backside sputtering Ti/Au =
Air blow(!/min) 50 metal thickness 0.2 um/0.2 um
Laser TLT(ms) 100
scribing PP(ms) 06 Frontside sputtering Ti/Au =
line PW(ms) 0 '12 metal thickness 0.2 um/0.2 um
Bcesk Duty(%) 20 Electro-plating Cu/Ni/Au =
Stage Velocity(mm/sec) 2% metal thickness 3 um/0.2 um/2 um
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Fig. 4. Microphotograph of scribing line formed
on AIN substrate.
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3.1 Microstrip line
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Fig. 5. Microphotograph of the fabricated micro-
strip line on AIN substrate.
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Fig. 6. Measured return loss of microstrip line
according to frequency.
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Fig. 7. Measured attenuation of microstrip line
according to frequency.
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Fig. 8. Microphotograph of the fabricated spiral
planar inductor on AIN substrate.
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Fig. 9. Equivalent circuit of spiral planar
inductor on AIN substrate.
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Table 4. Equivalent circuit parameters of spiral
planar inductor.

Parameters
Ls(nH) 5.65
R«(Q) 0.295
CfF) 0.29
Cu(fF) 524
Cpe(fF) 416
Rpi (k@) 5.57
RE(kQ) 5.85
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Fig. 10. The quality factor of the spiral planar
inductor according to frequency.
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Fig. 11. Photograph of the implemented RF
power amplifier on AIN substrate. The
size of AIN substrate is 27 x 27 mm.
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Fig. 12. Measured gain of the power amplifier
according to frequency.
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Bias Conditions: Vd=6 V, Id= 1.2 A @13 GHz
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Fig. 13. Output power of the power amplifier

according to input power(@13 GHz).
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