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Abstract: The recent trend in electronic devices has been towards light weight, low cost, high
performance and improved reliability. Passive components are very important parts of microelectronic
devices. The number of passive components used in hand held devices and computers continue to increase.
To achieve improvements in costs, component density, performance, and reliability, embedding of these
passive components into the printed circuit boards (PCBs) is required. This paper introduces the
embedding of passive components, and discusses the remained challenges in the commercialization of this
technique.
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TELAEL M (discrete), T3 3 (integrated), =

Table 1. Passive components nomenclature

Passive Component

|
| l I

Discrete  Integrated Embedded
I
L

Embedded Embedded Fabrication Integrated

Array Network

into into as into IC
Organic Ceramic Thin Films
Board Substrate  on Silicon

Fig. 1. Representation of passive components.
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(1) ME(resistor, R)
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Technology Description

Discrete Capacitor resistor conductor 22 7f 8 4 )1 shutbe] pEdxl @l=a4 = FHA3E)
Array F2 N%s ke FeaAEY AFA (o, BF capacitor =E 25 resistor)
Network OE 715 st SEaAEe A (o capacitors+resistors) 2% 4~127]9] 22}

2 74

47 & 7158 sk s5atEd B 7k 555 AgA (o,

IPD (Integrated Passive Device)

resistors+capacitors+diodes) H-% 207 °]’49] &5 2 4]

71dA g o] Rl AR 713 Wil Ao)A e FF2AE (passive components)
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71382 A2 (ceramic) &
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Embedded Passives
(Integral Passives)

+ FR4 E.E(board) = 32 #o||o]E 7| (small

B 7182 87 (integral substrate)o]et B8
E37ive] 71 & AL 58480 7|8 A mount)®) ALt A4 (connect)E
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(a) Discrete

(b) Integrated

(c) Embedded
Fig. 2. Types of passive components.
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Table 2. Number and types of passive components in PCs

7F $AAL o] Z o] el At

(2) &7 |(capacitor, C)

71 A Bl & A 3Hcharge, Q& AT Al% l
Kol T F&F Alold HAEo] 7914 = FH
2 A=Y AUk F471¢9] £%E el 71*41/]
B X (capacitance, O)= 1715 = A gtel| wpat A=
£ Aty Yoz Jodc) 19 (farad, F)2 §FE
Zte 24719 A5 12 E(voly] Hgto] I7HHNS
] 1 E3(coulomb)2] H3}gFo] AL} HE H 7|
I 2o AR EHE 2171 vpo| AR RS &
Fg Zder S77 0 AHEEHE dAAEREE 3
(ain), vto]7H(mica), A et®], S, Fol(paper), 2
(o) 2] 2L FEASLE Fol Q)

(3) 2I&{E{(inductor, L)

JAYH= BE ZAFEY BHele Zok(core)7t 3
€ TE Y2 e F5 Uh ZEE st Jon
918 ® A(inductance) S TS oW 7] 93 AAfo|t)
W37 (transformer) 9}t =2 2 Bl (inductive reactor)7}
HEE Qe E 9] H ol &3t} ot H 2ho) Efer-
rite) 9} 7+ FAH& (permeability)©] -2 #H 2 A4
A7t BE AHRHTE ol EE 28] JHAA Q

Pentium 200 Pentium I1

Motherboard 486 Pentium 120 MMX 333 MHz Pentium 1T
Leaded multilayer 58 0 0 0 0
Ceramics
Surface mount 0 151 190 300 600
Multilayer ceramic
Capacitors Capacitor arrays 0 0 32 140 200
Leaded tantalum 15 1 0 37 80
Surface mount tantalum 0 32 1 15
Aluminum 7
Feedthrough 0 0
Disks
Total capacitors 73 159 257 492 895
Leaded resistors 92 0 0 0 0
Resistors SMT resistors 146 188 635 1000
Resistor arrays 64 148 346 300
Total resistors 92 210 336 981 1300
Total passives 165 369 593 1473 2195

Microelectronics & Packaging Society Vol. 9, No. 2 (2002)



58 o5

Table 3. Active to passive ratio for recent products

Product « IC PassiveComponents Total Components Passive/Active
Notebook Computer 53 900 6:1
Desktop Computer 182 1066 1285 15:1
PCS Phone 15 380 21:1
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Fig. 3. Embedded concept for R and C.

(a) SPIPAL INDUCTORS

(b) PARALLEL PLATE
CAPACITORS

=

(d) INTER-DIGRAL
CAPACITORS

Fig. 4. Various types of embedded passives.

Aol WAHEA A e
2471 719 Z(layer)

(c) HELICAL INDUCTORS

Atk Fig. 39141 & +
AeA o] dRFo] Ha
Ateloll Al e}
Fig. 4= A8 %
B4l et

2AE ole] 714 Fe g

F S v X 9otk AMEL ARFAZ o] Al
M B ol 7)7hA] 9] 7] (cycle time)s B-okoll weh o7k
A gE2d BE 7oA 2do] E}. DoF AAEFL 6
A el Aol zo] MEY 4 YohE B ol
]2 ¥ 4 Awr 28X E3lx /Lx.ﬂ%__/] AZAAZE
o] 19 oo = A BATIA X = s
Sfea Hoch ol WA 5 ARl e 7]
22 Nutsl=d) = a3 Ado] gk Bol A
=] 939k7) ol A ojw§ Weho) A Fo] Fa)
2 Aol tjstel B3] et AL we TE7

-

9 13 17 21 25 29 33 37 41 45 48
Passive Elements per cm?

w70 - :

£ 60 /Dlscretes

g e

e 50 / _/—/Arrays/Networks
S 40 Z 1PDs

8 30 =7

£ 20 e —

[723

3 10 T~ Embedded
t_‘! 0 TTT T TV IR T T IR T T YT T T T T T T T TR T T FTTI g A T T T TT T IR T TITTITIT )
e

1 5

Fig. 5. Cost comparison of various technologies on a
component density basis.
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