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The Characteristic of Passive Elements on Aluminum Nitride Substrate
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Abstract

In this paper, the key parameters of CO; laser(focus depth, air blow rate, total laser beam time, number of pulse)
are experimented for thru-hole and scribing line on AIN(aluminum nitride) substrate with high thermal conductivity.
And, microstrip line & spiral planar inductor are fabricated on AIN substrate using 5 um Cu-plating with self-masking
technique. The microstrip line of AIN has 0.1 dB/mm attenuation at 10 GHz and 6 nH spiral planar inductor has 36
maximum quality factor at 1 GHz. Thus, the AIN substrate is promising for GHz applications of high power area.
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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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II. CO, Laser ZH|E O|&% AN 7|H 715

AIN 7139 HA s W3 1714, 4502
A5 Thru-holes# scribing line 7F2-& 34l 100
W CO; laser 3H)E AHE3IATH AN 7] H7h2x
A ExFA=50.8 mmx50.8 mmx635 um)$] Thru-hole

7b83t7] A3 laser beam S A o)l 27} mHajw
E1 2 dAsksh Laser® £73 Al (Focus), laser
beam©] ZAEE H A E(pulse width), B2 F7](pu-
Ise period), Duty, 7] % air blow rate), laser beam <]
3 AlZH(total laser beam time), hole % laser beam o]
U A (total energy per hole) §¢ SetnjeE A3
o TEH<= 4 (1)3} 7ol A€t}

TEH=Laser beam powerxNPxPW ()

&§ 714 NP(Number of Pulse)= 4] (2)%+ Zo] TLTS
U2 F7] PPE Ui A2 hole F 2AHEE pulse
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Fig. 3. Hole upper/lower diameter in PP and Duty
changes.
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Table 1. The process conditions of AIN substrate.

Process Parameter
Focus[mm] 3
Air blow[l/min] 20
Laser TLT[ms] 300
hole process PP[ms] 0.9
PW[ms] 0.36
Duty[%] 40
L PP[ms] 0.6
ser
scaribing line Duty[%] 20
process X-Y stage 25
speed[mm/sec]

13 22 235 23k 19 49 5 A4 AN
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3-1 Microstrip Line on AIN Substrate

AIN 713 microstrip line2 A &H3te] A&
OLE 7] YA layoutS A A3 Th CO, Laser AH]
E o] 4319 AIN 7|9 laser 32X X3 270 A&
dted Thru-hole S 433}, HeH-E A (thin film pro-
cess)= 3 Cr maskE AZadch A4 100 um

4

8 4. AN via hole®] SEM ARA
Fig. 4. SEM image of AIN via hole.

Scribing Depth
~ 250um

12l 5. AIN scribing line®} @ ARA
Fig. 5. Cross-sectional view of AIN scribing line.

] Thru-holedl] Cu =&2 3} self-masking 7]
EASAL, F 29wy AE T3 19 63 2ol
AN 7189l Cu =5¥ Microstrip line S A 23}
Ak

B2 9 34 34 24
Table 2. The process conditions of thin film process.

Process Parameter
Backside sputtering Ti/Au=
metal thickness 0.2 um/0.2 um
Thin ; ; -
il Front side sputtering Ti/Au=
m metal thickness 0.2 um/0.2 um
process
Electro-plating metal Cu/Ni/Au=
thickness 3 um/0.2 um/2 um
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Fig. 6. The fabricated microstrip line on AIN subs-
trate,
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Fig. 7. Return loss of microstrip line.

AIN 7]3#¢] A ZE Microstrip lines 38 10.

metal T 5 um, 7)1 F7 635 umY 7+ERE =
o A2 microstrip lined] E4-8 %737 Y8l
GSG RF probeS E3 F(width)? 72 ©)(length)¢] ¥
Shol] wE A4 EXE 1~18 GHz F3k4 thoolA
ZA3 9tk 4 23 19 73 2] AE 720 um
o Af Z4 F3¢ G A uki}
o] ¢ -20 dB °J3tZ ¥ AAE A9tk A
1] 73-¢ 19 83 722o] M %o] 720 um 2 780

[<)3
[<]

(I
ea
oo
=
3
lo

oy rPr M2
it

b
>

10 GHz 7]%2.2 ¢ 0.1 dB/mm= =& &
3l AN 7199 =
A 28] A

fo
Sl

T AUk ©

o
E o ]E_
=2 =2 =2

AEE 54 B9 RF

ol rlo rlo 5

260

0.0
-0.2
*
-0.4 % £
%
o 06 ¥
=2 Y
0.8 5
4 "B
5] £ s e
» W=780um, L=3.8mm 3 g
-1.0 i o
©W=720um, L=3.8mm ;:5 : 1
-1.2 [+ «W=T20um, L=1.8mm ?-L. =
-1.4

=~
= F
o

0 2 4 6 8 10 12
FrealGHz)

a8 8. wlolZRAEY gale] A4 24

Fig. 8. Transmission loss of microstrip line.

3-2 Spiral Planar Inductor on AIN Substrate

I9 9% AN 713l 9olo] £5& o] &3t A
28 WEEA &) 200 um, S(F44 7+4) 50 um,
DU ¥H7) 1050 um, metal F7 5 umE /MR & Y
ME g AYEE AFg Aot} AlE AYH
o] BEAE dotr7] A 19 104 2ol 0.1~5
GHz F35 oA s-Fere & SA3Ah o
el 29 2 A (quality factor)s= S E S-9hgt

J8 9. AIN 71 AZE 6 nH UHEY dM)F
AL WEEA E=200 um, S(EEA 7
Z)=50 um, D ¥H3)=1,050 um, MBA
F=1S

Fig. 9. Microphotograph of the fabricated 6 nH induc-
tor on AIN substrate: W(Metal width)=200 um, S
(metal spacing)}=50 um, D(inner diameter)=1,050
um, N(number of turns)=1.5.
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Fig. 10. The modeled and measured S-parameter of
the spiral planar inductor on AIN substrate

(measured frequency range are from 100
MHz to 5 GHz).
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Fig. 11. The quality factor of the spiral planar in-
ductor according to frequency.
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Fig. 12. Equivalent circuit of spiral planar inductor on
AIN substrate.
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Table 3. Equivalent circuit parameters of spiral planar

inductor.

L(nH) 6.03
R(R) 1.068
CAfF) 0.309
C\(fF) 402.19
Cy(fF) 296
RikQ) 5.92
Rk Q) 75
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