Fully Integrated Passives Modules for Filter Applications Using Low
Temperature Processes

Jae Y. Park, Swapan K. Bhattacharya, and Mark G. Alien
Packaging Rescarch Center
Georgia Institute of Technology
Atlanta, GA 30332
*Office: 404-894-9907, Fax: 404-894-5028, E-mail: gt1216a@prism.gatech.edu

Abstract

Although discrete surface mount passive componenis (resistors, capacitors, and inductors) have been well
loped, the lop of i passive suitable for i ion with printed wiring boards is
relatively recent. Since in some applications the number of passive components can exceed both the number and
area of IC chips on a circuit board or in a package, such integration is desirable. To address these issues,
integration tzchnok)gy for passive elemem: in the same manner as for transistors is necessary. An additional issue
o be idered is that the fabri of all integrated passive must be ible is they
are 1o be integrated on the same substrate. In this paper, a fully integrated passives module u presented. Thu'
passives module contains eleven resistors, four i and four inds and is fab d using tech
which are compauble with organic sub.vtmre: such as fiber-epoxy board. A variety of materials appropriate for low
of integrated passives in a mutually compatible fashion were investigated, mcludmg
re:umrs, ites of high dielectric constant ials in epoxies for
i ics, and of ferrite particles in polyimides for inductor cores and shielding. The as-
fabricated devices showed good agreement between the design values and the corresponding measured values .
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Introduction

There are a large number of passive
componenlé which are used in consumer electronic
products such as VCRs, camcorders, television
tuners, and other communication devices. To meet
these needs, many miniaturized discrete surface
mount passive components (resistors, capacitors, and
inductors) have been mounted on boards and modules
in a hybrid fashion. Such discrete mounting
introduces additional expense of manufacture,
requires large board area, and can introduce
additional parasitics into the sysiem wluch may hmlt
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reduced assembly cos's improved electrical
ing efficiency, mass
production by bawh fabrication, low power loss, low
volume, low weight, low profile, etc.
Much research has been done to realize
mtcgm(ed passive componem.s based on MCM-C
and MCM-D (d d) technol {2-4].
In much of this research, it is usually necessary to
undergo a high temperature fabrication steps such as
firing of ferrite-based pastes or ceramics. However,
in many cost-driven applications, the use of an
organic substrate is desirable, which necessitates the
use of low temperature fabrication steps in the
lization of these passive components. In this paper,

system per

these issues is integrating these passive componcnts
directly into a muitichip module (MCM) substrate
along with other IC chips [1]. Using this h,

a fully integrated passive module shown in Figure 1 is
designed, fnbncated and characterized using low

the size of the board can be reduced (especially if
chips can be placed above embedded passive

) and the iated with the
passive components can also be reduced due to the
elimination of leads and the shorter

MCM-L, and
MCMD technology to test the feaslblhty of
ion of passive comp: such as

capacitors, and resistors. The proposed passive
modnLe (dlmenslon is 8 mm x 10mm x 0.06 mm) is
icated with two li masks and one screen

between passive components and other IC chips. The
integration of passive elements can also result in

printing mask, and includes 11 integrated resistors (5




- 80 ohms), 4 capacitors (14 - 160 pF), and 4
inductors (145 - 650 nH).

dielectric constant ceramic particles. Such polymer
ceramic composites are a favorable choice for thin
film capacitors in low temperature MCM-L
technology [5-7]. These dielectric materials are two-
phase ccmposmes in which the polymer allows low
jon and the filler enhances the

dielectric constant of the resulting composite far
beyond that of the unfilled polymer. Cost is an
important atiribute of these systems. A
photodefinable epoxy material has been studied to
evaluate the possibility of material cost reduction and
compatibility with the FR-4 substrates.

Probimer-4959, a product of Ciba-Geigy, is
selected for making small capacitor structures using
lithographic techniques. This epoxy material has a
dielectric constant of 3.5 and can be readily

hotodefined with good Finer particle size
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Figure 1. The rical di: of
proposed integrated passives module
Design Consideration

Integrated resistors are designed based on a
rectangular cross section. Chromium metal is used as
resistive material due to the fact that the required
resistances in this module arc of a low value. The
resistance (R) of a rectangular resistor is defined as
follows:

(O]

where (0 is the intrinsic resistivity , ¢ is the thickness,
1 is the length, and w is the width of the rectangular
resistor. %v is defined as the number of “squares”

in the resistor. Figure 2-a shows a photomicrograph
of an integrated meander type lar resistor

of the filler material (< 1 um) is needed for making
thin films (to achieve higher specific capacitance)
with a smooth surface. Lead magnesium niobate
(PMN) (average size of ~ 1um) has been selected as
the filler material for its high dielectric constant value
and low loss. Properties of these materials are given
in Table 1.

Test structures for these materials were
processed as follows. The filler and the liquid
polymer resin were mixed using ball milling for 3-4
days to achieve good dispersion. Samples were then
spin cast on glass substrates at ~ 3000 rpm for 60 to
90 minutes. The composite dielectric layer was then
exposed, developed, and cured.

Table 1. Polymer/Ceramic Materials

using chromium metal.

The capacitance (C) of a parallel plate MIM
(metal-insulator-metal) capacitor is defined as
follows:

_EgErA 3
C= 4 @

where £p is dielectric constant of free space, €, is
the dielectric constant of the capacitor dielectric
material between the electrode plates, A is the area of
the two electrode plates (bottom and top electrodes) ,
and 4 is the distance between top and bottom plates.
In this research, the dielectric composite material is
composed of photodefinable epoxy binder and high

Material Supplier | Dicl. Const | Loss Tangent
(100 KHz) | (100 KHz)
Probimer 4959 Ciba- 35 0.02-0.03
Grigy
Lead Magnesinm | TAM 17,800 0015
Niobate Coramics | _(sintered)

Theoretically, the diclectric constant of the

componws can be enhanced by selecting higher

of the individual phases and

maximizing the filler loading. The basic equation for

permittivity of a two phase composite system (&) is
given by the Lichtenecker {8-8] equation

&' =v, el +v8" [©)]

where €; and &, are the permittivity of the individual
phases, v; and v, are the respective volume fractions,
and exponent n equals 1 or -1 for parallel or series




connections. This equation is not concerned with the
physical geometry of the composite system; neither
does it take into account the size and shape factors of
the individual Various ifications of
this equation have been made to compare
experimental data with the predicted values, the most
accepted one for the filled polymer system being [10-

log €, = log (&,p ) + (1-K) vy log (€,r) ©)

where K is a constant and depends on the filler and
polymer systems, v is the volume fraction of filler,
and gp and & are the dielectric constants of the
polymer and the filler, respectively. This modified
equation has been previously utilized to calculate the
dielectric constant of the two phase composite and
showed good agreement with the experimental values
[5,6]. Figure 2-b shows a phmomxcrograph of an
i epoxy p Figure 3
shows a scanning electron micrograph of the surface
of the epoxy composite high dielectric material at 29
vol. % filler. Using appropriate processing
conditions, PMN shows good particle dispersion wuh
minimal particle ; such

is believed to cause a decrease of dielectric constant
of the composite material. The specific capacitance
of the epoxy composite at 49 volume percent is in the
range of 8 to 9 nF per cm? at 100 kHZ. Preliminary
studies showed that the photodefinable Probimer
4959 has a good potential for application as a thin
film capacitor compatible with MCM-L substrates.
Manufacturability issues and cost prospects are
currently being evaluated.

Integrated inductors can be designed with
differing geometries such as spiral, meander, and bar
type. Spiral type inductors are commonly used
because of their simple geometries and easy
fabrication sequences. NiZn ferrite is an appropriate
core material for integrated magnetic devices at
higher frequencies due to its high resistivity and low
dielectric constant. NiZn ferrite particles are mixed
with polymer binder and the well mixed polymer-
filled ferrite is deposited using screen printing to
realize integrated inductive components. Polymer
filled NiZn ferrite is also used as a Shleldlng materlal
at high freq; , which is desirable since
inductors and transformers, which may be in closer
proximity to other components than their hybrid-
assembled counterparts, need to be shielded to reduce
elecuomagnelic interference (EMI) dunng high

i Finally, i
should have compatible fabrication sequences with

integrated capacitors and resistors to be used as
integrated  passives for multichip modules,
miniaturized integrated power converters, and other
miniaturized electronic systems. The characteristics
of integrated inductors are strongly dependent on
many parameters such as device structure, number of
windings, conductor width/space sizes, device
substrate, and the magnetic properties of the core
[12]. Integrated inductors for this passives module
were designed based on measurement results from a
vanety of test structures. Figure 2-c shows a

h of an i polymer filled

ferrite inductor.

Figure 2. P graphs of fully

passives: (a) A meander type metal resistor; (b) A
epoxy itor; (c) A ferrite

inductor

Figure 3. Scanning electron micrograph of the
surface of high dielectric epoxy composite
material (approximately 3000x)

Fabrication

A brief fabrication process of the integrated
passives module is shown in Figure 4. The
fabrication began with a glass or Printed Wiring
Board (PWB) substrate. After cleaning the substrate,
meander-type remslors are patterned on the substrate

using p , and
lift off techniques. This step also simultaneously
formed the lower capacitor electrodes. The

photodefinable epoxy composite dielectric material
was spun on top of the meander type metal resistors
and patterned electrodes, baked, and patterned using
standard lithography techniques.
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Figure 4. Fabrication sequences of the passives
module: (a) formation of metal resistors; (b)
deposmon of high dlelectnc constant material ; (c)

of ic material; (d)
electroplating of spiral type conductor lines, top
electrode for capacitor, and interconnections of

passives (e) removal of
thick photoreslst and bottom seed layer; (f)

of ic material on top
of spiral type conductor lines by screen printing

After curing the dielectric composite material to
remove solvents at 150 - 180 °C for 3 hours in an
oven, the composite magnetic material was deposited
selectively by screen printing. The screen printed
magnetic material was cured at 150 - 180 °C for 5
hours in a vacuum oven. Titanium/copper/titanium
layers were deposited to form an seed layer for
electroplating using an electron beam evaporator.
Thick photoresist was coated, and molds for spiral
type conductor lines, top electrodes for capacitors,
and electrical connection of passive components were
formed. After removing the top seed layer, copper
was electroplated into the photoresist molds, and the
molds were removed. The seed layer was wet-etched
to isolate the conductor lines and other passive
components.  Ferrite-filled polymer was screen
printed on the top of the electroplated copper
conductor lines and between the conductor lines, and
cured to remove the solvents. Upon completion of the
fabrication, the samples were diced and tested.

Figure 5 shows the photomicrograph of the
fully integrated passives module prior to deposition
of the magnetic composite material on the top and
between the conductor lines. Figure 6 shows the

h of the fully d
passives module. The fabricated passives module is
diced and mounted on an IC package, and is tested as
shown in Figure 7

Figure 5. Photomicrograph of integrated passives
module prior to deposition of polymer filled ferrite
on the top of spiral type conductor lines

Figure 6. Photomicrograph of completed
integrated passives module (12 resistors, 4
capacitors, and 4 inductors; dimension: 8mm x
10mm x 0.06mm)

75 Obm Vout

A Integrated 75 Ohm
RLC module
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Figure 7. Test circuit configuration of integrated
passives module




Experimental Results and Discussion

The individual passive components, i.e,
mtegrated meander type resistors, MIM

and i were ized by a
Hewlett-Packard impedance / gain-phase analyzer
4194A aml a Klethlcy LCZ meter. Figure 8 shows

The modlﬂe shown m Figure 6 was not

due to i between

several of the components. However, to gain an
understanding of the operation of this module, a
circuit simulation was performed in which the
simulated pexformam:e of the module using designed
valucs of pass:ve components was compared with the

the ics of the embedded

d ite MIM as a function of
time at 85 °C and 85 % relative humidity, and shows
that these capacitors are not prone to aging over the
time periods mwd As shown in Table 2, the values
of the fabricated passive

of the module using the
expenmenxally achieved (Table 2) values of the
passive components as well as their measured
parasitics. Figure 9 shows output wave forms for the
module cm:ults nsmg design and measured (with

well mawhed with the expected deslgned valucs In
and

inductors have less than 5 % error compared with the
designed values.

0 0 30 40 €0 70 %0 1080

Figure 8. The capacitance vs time of the epoxy
composite capacitor at 85 °C and 85 % relative
humidity

Table 2. C ison of and
values of embedded passive components
Passives | Designed Achieved Emror
values (de) | values rate
1 (%)
R1,R3, 75 OHM | 68 OHM 93
RS, Ri0
R2 19.1 OHM | 165 oHM [ 136
R4 294 OHM | 275 OHM | 6.
R5,R7 280 OHM | 267 OHM
R6 432 OHM | 397 OHM
R9 38.1 OHM | 352 OHM
RIL 187 OHM | 169 OHM
C 15 p 45_p
C2 68 pl 12_pl
C: 47 pl 19 pl
4 50 56.2
L] .1 ul 145 ul
L2 .39 ul 41_ul
L3 .27 ul .256 ul
LA .82 wH .78 uH

d) values, ively, when an ac
pulse voltage with 2 ns nsmg and falling time, 10 ns
delay time, and 11 ns width time is applied into the
input terminal as shown in Figure 7. Figure 10
shows the gain characteristics of the module using
designed and measured component values as a
function of frequency and shows that the integrated
circuit has lower gain due to the stray capacitance and
parasitic effects of the integrated passive components
at high frequencies. Figure 11 shows the output

characteristics of the module using

d&slgned and measured component values. In

far, the stray of the i d

inductors causes lower resonant frequency in the

integrated module compared with the designed
circuit,
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Figure 9. Comparison of an input wave form and

nntput w-vefonm of the module using designed
values (with it
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Flgure 19, Comparison of gain of the module using
and values (with
parasitics)
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Figure 11. Comparison of cutput impedance of the
module using designed (a) and measured (b}
component values (with parasitics)

Conclusions

e o
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The fully integrated passives module
luding 11 resistors, 4 i and 4 i
has been fabncawd using low temperamre processes

ibility of i ion of passwe np into
the package or onto the board rather than on the chip.
Thus, these integrated passive eclements will be
compatible with the next generation of low cost
packages utilizing large area processing and organic
or MCM-L substrates, which require low temperature
processes (less than 230 °C). The integration of
passive components can result in a number of
advantages, including mduced assembly cost

for supplying epoxy, polyimide, and ceramic fillers.

Fabrication was carried out at the Microelectronics

Rcscarch Center of Gwrgla Tech. The au&hors also
and

(MSMA) Group and Microelectronics Research
Center staff for their help with processing questions.
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