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Abstract: We developed embedded inductors in MCM-D substrate for RF applications. The increasing
demand for high density packaging was the driving forces to the development of MCM-D technology.
Most of these development efforts have been focused on high performance digital circuits. However,
recently there is a great need for mixed mode circuits with a combination of digital, analog and microwave
devices. Mixed mode modules often have a large number of passive components that are connected to
a small number of active devices. Integration of passive components into the high density MCM substrate
becomes desirable to further reduce cost, size, and weight of electronic systems while improving their
performance and reliability. The proposed MCM-D substrate was based on Cu/photosensitive BCB
multilayer and Ti/Cu is used to form the interconnect layer. Seed metal was formed with 1000 A Ti/
3000 A Cu by sputtering method and main metal was formed with 3 pm Cu by electrical plating method.
The multi-turn sprial inductors were designed in coplanar fashion. This paper describe the manufacturing
process of integrated inductors in MCM-D substrate and the results of electrical performance test.
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Tablel. Design rule of spiral inductor

Width (um) 10, 20, 30, 40

Space (um) 10, 20, 30, 40

Din (um) 150, 300, 450

Turn Numbers 2,4,6,8

GND Full, Mesh, Non
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Fig. 1. BCB thickness variation with process and spin
speed.
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Fig. 2. SEM showing BCB pattern, (a) width 15 pm and (b) width 10 pm.
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Table 2. Dimensions and characteristics of the investigated
four turn spiral inductors without ground

wos D nLH) Qme Foex (ZGQHz) s
150 383 13 323 66
0 10 300 336 13 238 37
450 247 13 L1426
150 72 562 13 415 60
20010 300 421 13 209 34
450 367 13 088 24
150 691 838 12 345 51
3010 300 518 12 182 3.1
450 352 12 062 23
150 805 1067 12 284 45
40 10 300 s66 11 137 28
450 373 11 027 21
150 864 1008 11 196 38
40 20 300 539 11 076 24
450 341 11 021 19
150 948 846 11 198 3.7
40 30 300 503 11 087 25
450 346 11 004 20
150 1.5 875 11 165 33
40 40 300 490 11 066 24
450 209 11 004 20

891726 20KY X4, 60K "7 5um

(b)
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Fig. 3. SEM showing cross section of via contact.

Fig. 4. Photograph of embedded inductor in MCM-D.

S5l Fofl FAE A E IGEl ol

Fig. 55 919E| 9] A714 BEA & siA st A& A9
T EETo|th B A BE U E ol tis) HP-8510B
Network AnalyzerE At-&3ko] 0.5 GHz °l| A1 10 GHz
ZFu4= J Ao )3l 0.1 GHz stepl.Z S-parameters =
23319}, S-parameters 3-8 2 HZRE], Qppy factor
71 5 o]3iel G Elw A &3l &3k &Hol #AA] AL
g3l EA7F o2 St 3|2 A Ay s
71 AR1ALE &8k o] 997t glen = A Q)4
ZA3L, Qua factor7b 5 ©]3¢] QI o) thaf 1714 &
-8 48t 24 E S-Parameter2 F-E F344=
o of] tfsl] Q1 E] ] Quality FactorS 2](1)ell £Jf A4+
slnt, 28], 2 AF o)A 2 ports S-parametersS =
Al onz A9 50 Q F-st7t A& = 270]
5] Q factord] AFHEE Zinoll A 23} 50 QF wiA
ALFsks .

oz 2R & HF) A EHA A 78 A3E (2000)

wgpa} - olglE - G4 - Rl

Mea. S- parameter

v

Cal. Quality Factor

<o >

v

Analysis equivalent
circuit and
extract parasitics

‘

Analysis characteristics
of inductors

Fig. 5. Analysis flow of Inductor.
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Fig. 6. Circuit schematic of lumped element model for
spiral inductor.

Table. 3. Fitted model values for the spiral inductors with
40 um width. (S: conductor space, Din: inner diameter)

S/Din  10/150 10/300 20/150 20/300 30/150 30/300
L,nH 805 12.08 8.64 1228 9.48 12.81
R1,Q 212 351 3.51 1.81 1.8 1.81
Cl,pF 011 7E4 1E4 1E-5 1E-5 1E-5
R2, Q 321 74 112 68 105 73
C2,pF 059 038 04 043 041 041
C3, pF 0.06 0.34 033 0.14 0.14 0.15
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Fig. 8. Measured inductance of the different spiral inductor
as a function of inner diameter (width:40 Um,
space:10-40 pm, turns: 4).
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Fig. 9. S-parameter of 40/10/4 inductor from 0.5 GHz to

10 GHz.
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