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Description

[0001] There is a growing requirement, in the con-
struction of very compact, low cost radios and other rf
communications circuits, for small, high performance
and cost effective inductor components.
[0002] Surface mountable chip inductors have recent-
ly become available that measure 2 by 1.25mm in area
(a standard surface mount format), and that offer induct-
ance values up to some 20 nH, with self resonant fre-
quencies of 1 to 2 GHz and quality factors that peak at
about 80 at about 0.5 of the self resonant frequency.
These inductors are lithographically defined and employ
a copper metallisation for low resistance and high qual-
ity factor. Such components are available at typical
costs of 60 cents each, with costs predicted to fall to 30
cents each as production volumes rise.
[0003] Very compact inductors may also be realised
in an integrated form within the upper metallisation lay-
ers of a multichip module type D (MCM-D) substrate
structure. Such inductors can provide inductance values
between 1 and 100 nH within a 1mm square footprint
(using single or multilayer spiral structures), with self
resonant frequencies between 20GHz and 500 Mhz.
Quality factor in these MCM-D inductors is determined
by the inductor resistance at low frequencies, while the
peak quality factor is related to the nature and dielectric
structure of the substrate employed. High resistivity sil-
icon substrates with inductors defined in an alumini-
umm-polyimide structure can provide quality factors be-
tween about 5 and 20, depending upon the inductor
structure and inductance value. The peak quality factor
occurs at a frequency between 0.25 and 0.5 of the self
resonant frequency. MCM-D inductors on sapphire or
other good dielectric substrates can achieve quality fac-
tors up to 30, with the peak quality factor occurring at
about 0.5 of the self resonant frequency. The effective
cost of such inductors is directly related to the cost per
unit area of the MCM-D technology, which is currently
about 20 cents per square mm and will fall to 5 to 10
cents per square mm as production volumes rise.
[0004] Patent No. GB 2290171 describes the con-
struction of small, accurate discrete inductors that are
to be assembled by flip chip solder bonding. These dis-
crete inductors employ a spiral inductor structure de-
fined in a low resistance copper metallisation layer on
the upper surface of a small dielectric chip. Metallic vias
are included to make connections between the spiral
structure on the upper surface and solder bond connec-
tions on the lower surface.
[0005] Patent No. GB 2290913 describes the use of
a ferrite chip located over a spiral inductor defined in an
MCM-D substrate to increase the specific inductance
value or the quality factor of the inductor. The ferrite chip
is aligned and supported over the inductor by flip chip
solder bonding.
[0006] According to the present invention an inductor
device for mounting on a multichip module, on a direct-

chip-attach assembly, or on a surface mount assembly,
the multichip module, direct-chip-attach assembly or
surface mount assembly comprising a first substantially
planar substrate of electrically insulating material, said
first substrate having formed thereon a plurality of elec-
trically connective structures, comprises a second sub-
stantially planar substrate of electrically insulating ma-
terial having first and second opposite major surfaces,
a spiral metallisation structure formed on the first major
surface of said second substrate defining an inductive
element and a plurality of solder bumps formed on said
first major surface, at least two of said solder bumps be-
ing formed on said spiral metallisation structure for elec-
trically connecting said spiral metallisation structure to
respective ones of said electrically connective struc-
tures on said first substrate.
[0007] In a preferred embodiment, the inductor device
comprises a trimmable metallisation layer formed on the
second major surface of said second substrate.
[0008] An inductor device in accordance with the in-
vention will now be described by way of example with
reference to the accompanying drawing, which shows
the device diagrammatically in cross-section.
[0009] Referring to the drawing the inductor device
comprises a copper metallisation 1 in a planar spiral for-
mat (square, circular or polygonal) defined on the lower
surface of a dielectric material, high resistivity semicon-
ductor or ferrite chip 2 about 1mm square. Suitable di-
electric materials include polycrystalline or single crystal
alumina (sapphire), or fused quartz, while silicon of
greater than 2k.ohm cm resistivity is a suitable high re-
sistivity semiconductor material. Ferrite materials may
be selected according to the required permittivity and
frequency of operation.
[0010] The inductor terminations on the lower face of
the chip 2 are provided with solder bump connections 3
to allow flip chip solder bond assembly to mating solder
bump or other solderable structures on the MCM, direct
chip attach or surface mount substrate 4. Additional sol-
der bond connections (7) may be included as required
for mechanical support. The use of the flip chip solder
bonding technique ensures precise lateral alignment
and vertical spacing of the inductor chip 2 from the un-
derlying substrate 4.
[0011] Apertures are defined in any power or ground
plane structures in the substrate in the area over which
the flip chip inductor 1 is mounted in order to minimise
any inductance reduction through image inductance ef-
fects and any reduction in self resonant frequency from
additional capacitive loading.
[0012] Single or multilayer inductors may be defined
in this inductor structure, the latter providing higher in-
ductance values for the same chip area. The multilayer
inductors are constructed using a multilayer metal-poly-
imide or similar dielectric structure. The uppermost of
the planar spiral inductor metallisation layers may also
be separated from direct contact with the chip material
by a layer of a low dielectric constant material 5 such as
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an organic polymer. This low permittivity dielectric layer
5 may be employed to minimise the interturn capaci-
tance when high dielectric constant substrate materials,
such as ferrites, are employed.
[0013] A further metallisation layer 6 may be defined
on the upper surface of the inductor chip 2 to allow laser
trimming of the inductance of this structure. This layer
6 provides an image inductance that acts to reduce the
primary inductance of the spiral inductor 1 on the lower
chip face. The level of inductance reduction depends
upon the separation of the image plane 6 from the in-
ductor 1 and the permeability of the chip material. The
local removal and/or patterning of this exposed and ac-
cessible image inductor layer, for example using a laser
beam, can then be used to adjust the effective overall
inductance of the flip chip inductor device. Suitable pat-
terning structures include concentric square or circular
ring patterns and spiral structures. Concentric ring struc-
tures provide image eddy currents that can further re-
duce the effective inductance in step wise manner ac-
cording to the number, dimensions and location of the
rings with respect to the turns of the primary inductor 1.
The concentric ring structures may then be cut to inter-
rupt the individual eddy currents to provide a step wise
trimming action that increases the inducance. On the
other hand, the effective inductance variation resulting
from the use of the spiral trimming action is continuous.
Trimming of such inductors may be used to tune oscil-
lator, filter or resonator circuits. The upper surface met-
allisation may be earthed by means of through-chip and
substrate vias if required. The separation of the upper
metallisation layer from the inductor, the chip to inductor
gap determined by the flip chip solder bond height and
the relative permittivity of the chip dielectric material will
also determine the additional capacitance of this struc-
ture and the influence on the inductor self resonant fre-
quency. For this reason low permittivity materials such
as fused quartz may be preferred as the chip material.
[0014] The inductor structure may be defined on one
face of a suitable substrate wafer in the following man-
ner. A thin metallic adhesion layer (for example using a
reactive metal system such as chromium, titanium or ni-
chrome) and a plating seed layer (usually a thin copper
layer) are sputter deposited onto the surface in succes-
sion. These layers may be between 0.05 and 0.5 mi-
crometres in thickness in a typical case. The adhesion
layer provides a strong bond to the chip surface. The
copper layer provides a comparable surface onto which
to plate additional copper. A thick layer of a photoresist
material is applied to this face of the wafer and patterned
to define a spiral opening structure into which the copper
metallisation that forms the inductor itself is then plated.
The copper plating should be of the maximum thickness
consistent with good control of the plated structure and
small spacing between inductor turns (for lowest resist-
ance at a given inductor pitch and hence maximum qual-
ity factor). The inductor geometry will be limited by the
resolution and feature aspect ratios that can be defined

in the resist, together with the properties of the plating
solution (throwing power and plating efficiency). Mate-
rials exist that can allow at least 25 micrometre copper
thicknesses at feature separations of as little as 10 mi-
crometres. This should lead to inductor peak quality fac-
tors of at least 100 in inductors of millimetre dimensions.
After electroplating the resist mask and the plating seed
layer and adhesion layer are stripped by suitable solvent
and etchant treatments from all surface areas apart from
where the inductors are defined.
[0015] Multilayer inductors (for example 2 or 3 layer
inductors that give about 4 or 9 fold greater inductance
per unit area than single layer inductors) may be pro-
duced as an extension of the single layer inductor struc-
ture by plating copper layers separated by a suitable di-
electric such as a compatible polyimide. The multilayer
structures require the definition of vias through the in-
terlayer dielectric material. These may be produced by
a number of techniques, including dry etching. A poly-
imide material may also be employed to provide a low
permittivity layer between the inductor spirals and the
chip material.
[0016] The completed single or multilayer plated cop-
per inductor structure is then coated with a suitable pas-
sivation (for example a layer of silicon nitride) or a me-
tallic, non-solderable barrier layer material (for example
chromium or titanium). If a nonconducting passivation
layer is employed, then vias are opened in this layer at
the locations where input and output connections are
required.
[0017] An array of solder bump structures are then de-
fined over the inductor input and output points on the
patterned inductor spiral and in a number of other loca-
tions as required for mechanical location and support.
[0018] The solder bump structure requires a soldera-
ble metallisation layer to which the solder bump itself is
wetted and which defines the area of the solder bump
on the surrounding passivation layer or non-solderable
barrier metallisation area. Chromium-copper or chromi-
um-copper-gold multilayer metallisation structures are
suitable for this solderable metallisation requirement.
The first, chromium layer provides adhesion and an
ohmic connection to the underlying copper or barrier
metallisation surface, while an alloyed chromium-cop-
per layer follows that provides solderability without layer
dissolution (for multiple solder bump melting opera-
tions). The final copper or copper-plus-gold layers pro-
vide initial solderability, these metals dissolving into the
solder on bump reflow and reprecipitating on cooling as
intermetallic compounds of tin. The gold, if employed,
allows the solderable layer to be exposed to the atmos-
phere without oxidation prior to solder deposition. Sol-
derable metallisation layers of this type may be defined
by sequential vapour deposition through an etched met-
al foil or similar physical masking structure.
[0019] The solder itself may be a tin-lead eutectic
composition (63Sn-37Pb by wt.- melting point 183°C)
for direct chip attach or surface mount applications, or

3 4



EP 0 694 932 B1

4

5

10

15

20

25

30

35

40

45

50

55

may be a 95Pb-5Sn composition (melting point 310°C)
for MCM-D applications. The solder may be applied by
electrodeposition using a seed layer and photoresist
masking scheme similar to that described for the plating
of the copper inductor structure on the first face of the
wafer. Alternatively a physical masking structure may be
employed with a vapour deposition process similar to
that described for the solderable metallisation deposi-
tion. The solder may be deposited as separate layers of
lead and tin or as an alloy.
[0020] After deposition and patterning of the soldera-
ble metallisation and solder layers, the solder bumps are
reflowed by heating to above the solder liquidus temper-
ature under inert or reducing atmosphere conditions.
Solder bump diameters between 50 and 125 microme-
tres are considered appropriate for the flip chip inductor
structure. Bump heights between 30 and 100 microme-
tres are suitable, depending upon the application. Such
bump geometries are also typical for flip chip solder
bonded ICs for MCM and DCA applications. Solder
bumps are defined over the input and output connec-
tions to the inductor and also distributed across the chip
surface to provide mechanical support for the mounted
flip chip inductor. A typical flip chip inductor would em-
ploy 5 or 6 solder bumps comprising central and corner
or edge bumps 3 for inductor contacts, plus three or four
additional corner bumps 7 for mechanical support. A
preferred flip chip inductor size would be 0.5, 1.0, 1.15,
1.5 or 2.0 mm on a side, giving some consistency with
the trend in discrete surface mount component sizes. A
square format may be preferred for inductors for MCM
use, whereas a rectangular format would suit direct-chip
attach and surface mount applications.
[0021] As noted above, a further metallisation layer 6
may be defined on the upper surface of the inductor wa-
fer to allow laser trimming of the diced and mounted in-
ductor structure. This layer 6 may employ a variety of
metallisation materials, including, for example, titanium,
chromium or aluminium or some combination of such
materials. No lithographic or other patterning of this lay-
er is required at the wafer fabrication stage and indeed
this layer may be deposited, for example by sputter dep-
osition, prior to the processing of the inductor face. The
optical reflectivity and electrical resistivity of this layer
will determine the ease of laser trimming and the losses
in the inductor image plane.
[0022] The use of a photolithographic patterning proc-
ess to define the inductor geometry enables very accu-
rate inductor dimensions and hence highly reproducible
inductor values. The use of copper as the inductor met-
allisation provides minimal inductor series resistance
and hence maximum quality factor.

Claims

1. An inductor device for mounting on a multichip mod-
ule, on a direct-chip-attach assembly, or on a sur-

face mount assembly, the multichip module, direct-
chip-attach assembly or surface mount assembly
comprising a first substantially planar substrate (4)
of electrically insulating material, said first substrate
having formed thereon a plurality of electrically con-
nective structures, characterised by the device
comprising a second substantially planar substrate
(2) of electrically insulating material having first and
second opposite major surfaces, a spiral metallisa-
tion structure (1) formed on the first major surface
of said second substrate (2) defining an inductive
element, and a plurality of solder bumps (3) formed
on said first major surface, at least two of said solder
bumps being formed on said spiral metallisation
structure (1) for electrically connecting said spiral
metallisation structure to respective ones of said
electrically connective structures on said first sub-
strate (4).

2. An inductor device in accordance with claim 1
wherein a trimmable metallisation layer (6) is
formed on the second major surface of said second
substrate (2).

3. An inductor device in accordance with claim 1
wherein said spiral metallisation structure (1) is
formed on a layer (5) of low permittivity material de-
posited on said second substrate.

4. An inductor device in accordance with claim 2
wherein said trimmable metallisation layer (6) is
formed in a concentric ring pattern.

5. An inductor device in accordance with claim 2
wherein said trimmable metallisation layer (6) is
formed in a spiral pattern.

6. An inductor device in accordance with claim 1
wherein at least part of said spiral metallisation
structure (1) is coated with a non-solderable metal-
lisation layer.

7. An inductor device in accordance with claim 1
wherein at least part of said spiral metallisation
structure (1) is coated with a layer of electrically in-
sulating material.

8. An inductor device in accordance with claim 1
wherein said second substrate (2) is of ferrite ma-
terial.

Patentansprüche

1. Drosselspulen-Einrichtung für eine Anbringung auf
einem Multichip-Modul, auf einer Direkt-Chip-Befe-
stigungs-Anordnung oder auf einer Oberflächenan-
bringungs-Anordnung, wobei das Multichip-Modul,
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die Direkt-Chip-Befestigungs-Anordnung oder die
Oberflächenanbringungs-Anordnung umfasst: ein
erstes im wesentlichen planares Substrat (4) aus
einem elektrisch isolierenden Material, wobei das
erste Substrat darauf eine Vielzahl von elektrisch
verbindenden Strukturen aufweist, dadurch ge-
kennzeichnet, dass die Einrichtung ein zweites im
wesentlichen planares Substrat (2) aus einem elek-
trisch isolierenden Material, welches erste und
zweite gegenüberliegende Hauptoberflächen auf-
weist, eine spiralförmige Metallisierungsstruktur
(1), die auf der ersten Hauptoberfläche des zweiten
Substrats (2) ein induktives Element definierend
gebildet ist, und eine Vielzahl von Lötbumps (3), die
auf der ersten Hauptoberfläche gebildet sind, wobei
wenigstens zwei der Lötbumps auf der spiralförmi-
gen Metallisierungsstruktur (1) zum elektrischen
Verbinden der spiralförmigen Metallisierungsstruk-
tur mit jeweiligen der elektrisch verbindenden
Strukturen auf dem ersten Substrat (4) gebildet
sind.

2. Drosselspulen-Einrichtung nach Anspruch 1, wobei
eine trimmbare Metallisierungsschicht (6) auf der
zweiten Hauptoberfläche des zweiten Substrats (2)
gebildet ist.

3. Drosselspulen-Einrichtung nach Anspruch 1, wobei
die spiralförmige Metallisierungsstruktur (1) auf ei-
ner Schicht (5) aus einem Material mit geringer Per-
mitivität, aufgebracht auf dem zweiten Substrat, ge-
bildet ist.

4. Drosselspulen-Einrichtung nach Anspruch 2, wobei
die trimmbare Metallisierungsschicht (6) in einem
konzentrischen Ringmuster gebildet ist.

5. Drosselspulen-Einrichtung nach Anspruch 2, wobei
die trimmbare Metallisierungsschicht (6) in einem
spiralförmigen Muster gebildet ist.

6. Drosselspulen-Einrichtung nach Anspruch 1, wobei
wenigstens ein Teil der spiralförmigen Metallisie-
rungsstruktur (1) mit einer nicht-lötbaren Metallisie-
rungsschicht beschichtet ist.

7. Drosselspulen-Einrichtung nach Anspruch 1, wobei
wenigstens ein Teil der spiralförmigen Metallisie-
rungsstruktur (1) mit einer Schicht aus einem elek-
trisch isolierenden Material beschichtet ist.

8. Drosselspulen-Einrichtung nach Anspruch 1, wobei
das zweite Substrat (2) ein Ferritmaterial ist.

Revendications

1. Dispositif d'inducteur pour un montage sur un mo-

dule à multiples puces ou multipuce, sur un assem-
blage à fixation de puce directe ou sur un assem-
blage à montage en surface, le module multipuce,
l'assemblage à fixation de puce directe ou l'assem-
blage à montage en surface comprenant un premier
substrat sensiblement plan (4) en un matériau élec-
triquement isolant, ledit premier substrat compor-
tant formées sur lui une pluralité de structures de
connexion électrique, caractérisé en ce que le dis-
positif comprend un second substrat sensiblement
plan (2) en un matériau électriquement isolant qui
comporte des première et seconde surfaces princi-
pales opposées, une structure de métallisation en
spirale (1) qui est formée sur la première surface
principale dudit second substrat (2) en définissant
un élément inducteur et une pluralité de bosse-
ments de soudure (3) qui sont formés sur ladite pre-
mière surface principale, au moins deux desdits
bossements de soudure étant formés sur ladite
structure de métallisation en spirale (1) pour con-
necter électriquement ladite structure de métallisa-
tion en spirale à certaines respectives desdites
structures de connexion électrique sur ledit premier
substrat (4).

2. Dispositif d'inducteur selon la revendication 1, dans
lequel une couche de métallisation rognable (6) est
formée sur la seconde surface principale dudit se-
cond substrat (2).

3. Dispositif d'inducteur selon la revendication 1, dans
lequel ladite structure de métallisation en spirale (1)
est formée sur une couche (5) en un matériau de
permittivité faible qui est déposée sur ledit second
substrat.

4. Dispositif d'inducteur selon la revendication 2, dans
lequel ladite couche de métallisation rognable (6)
est formée selon un motif en anneaux concentri-
ques.

5. Dispositif d'inducteur selon la revendication 2, dans
lequel ladite couche de métallisation rognable (6)
est formée selon un motif en spirale.

6. Dispositif d'inducteur selon la revendication 1, dans
lequel au moins une partie de ladite structure de
métallisation en spirale (1) est revêtue d'une cou-
che de métallisation non soudable.

7. Dispositif d'inducteur selon la revendication 1, dans
lequel au moins une partie de ladite structure de
métallisation en spirale (1) est revêtue d'une cou-
che en un matériau électriquement isolant.

8. Dispositif d'inducteur selon la revendication 1, dans
lequel ledit second substrat (2) est en un matériau
de ferrite.
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