Journal of the Korean Institute of Electrical and Electronic Material Engineers, Vol. 22, No. 10, p. 826, October 2009.

AIN 7| & o[ &

o

RF X3

ol
1

72 2=

RF High Power Amplifier Module using AIN Substrate

Aola = 2
s8”’ g5

(Seung-Yong Kim"® and Choong-Mo Nam?)

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 line 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. 2. High power RF module using integrated
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Table 1. Process conditions for thru-hole.
Process Parameters
Focus length(mm) 3
Air blow(l/min) 20
Laser
hole TLT(ms) 100
PP(ms) 0.9
process PW(ms) 0.36
Duty (%) 40
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. SEM image of thru-holes drilled into
AIN substrate using the CO: laser.
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E: 2. Scribing line &4 %=71. E: 3. g =4,
Table 2. Process conditions for scribing line. Table 3. Process conditions of thin film process.
Process Parameters Parameter
Focus length(mm) 3 Backside sputtering Ti/Au =
L Air blow(l/min) 50 metal thickness 0.2 um/0.2 um
aser
TLT 100
scribing PP((m?) 06 Frontside sputtering Ti/Au =
line ms - metal thickness 0.2 um/0.2 um
process PW(ms) 0.12
Duty (%) 20 Electro—plating Cu/Ni/Au =
Stage Velocity (mmy/sec) o5 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 Fig. 8. Microphotograph of the fabricated spiral
according to frequency. planar inductor on AIN substrate.
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Fig. 9. Equivalent circuit of spiral planar
inductor on AIN substrate.

ot

W olely

3 7. Fshel W wlolansEy Al 74,
Fig. 7. Measured attenuation of microstrip line
according to frequency.

s ol AW Wy Yy PRl t@ 5713
224 ued & 9tk Z7ke] sehiEE Agi-

= 395 752 F9 vl A E Hd QY

EHE Azsdd. 23 82 AIN 7]gho] fojo] K lent EEsof ADSE o] &3lo] 5713 2¢] webulE

P& ol &3te] Azt JAYEHRZ HE W 240 um, e & 48 2ol —ir% stlow, o714 L= 5.65

ZF2A S 50 um, W7 1050 um, ?i"* No] 159 nHZ &4 Ltj. EaNbd - hllia=

Uy HH JA9E e duld ARRLS YERA 3o o9 € 9] #4 A4 (quality factor)= A ¥ S-

), Air-bridgeE Au-#9 ¢fo]olZ A&} gretv| e o] AdERE WAzl Y-shgvE o ¢
Y E Y S-FEvH 542 01-5 GHz "9l g Qdud 2 el setel Ao vE 2 (1)

A Z=Astgoen, dutror UMy Hu gy 3} zEo] HojH T,

= 5% EA Aol EAlEte 718 AFA"E

(parasitic capacitance) 2ol = 5% =XA3 7]9A} 0= mlZ,] _ In[Y,, D

olel 71 AMAALTY EAGT wekA 19 9 RelZ,] RelY,,]

829



J. of KIEEME(in Korean), Vol. 22, No. 10, October 2009.

E 4 Y H9E A9EHe] SR el E.
Table 4. Equivalent circuit parameters of spiral
planar inductor.

Parameters
Ls(nH) 5.65
R(Q) 0.295
Ci(fF) 0.29
Cpi(fF) 524
CpafF) 416
Rpi(kQ) 5.57
Rya(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,Ild= 1.2 A @13 GHz
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