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INTEGRATED TRANSFORMER AND METHOD OF FABRICATION THEREOF 

 

FIELD OF THE INVENTION 

[0001]      The present invention relates to integrated transformers for semiconductor integrated 

circuit structures, and to a method of fabricating an integrated transformer.   

 

BACKGROUND OF THE INVENTION 

[0002]      Monolithic transformers are used in on-chip radio frequency (RF) integrated circuits 

(ICs) to perform a range of functions including impedance matching, signal coupling and phase 

splitting.  Monolithic transformers provide a number of advantages for the circuit designer over 

conventional transformers including lower power consumption and higher packaging density.  

Monolithic transformers enable power amplifiers to be fabricated by standard CMOS processes.  

However, power levels obtainable based on existing fully integrated amplifiers using silicon as 

the substrate are too low to be considered for wireless applications.  This is due to power losses 

caused by eddy currents induced in the silicon substrate by electromagnetic fields associated 

with coils of the transformer. 

[0003]      In order to reduce power losses, a variety of fabrication methods have been proposed 

including special wafer-processing techniques including thinning of the silicon substrate.  This 

technique is costly, however, and not readily compatible with foundry processing technologies.  

Furthermore, additional costs are associated with this technique.   

[0004]      Current fabrication techniques for monolithic transformer structures result in the 

primary and secondary coils being formed to have unequal physical lengths, resulting in a 

difference between the values of inductance of the coils.  Furthermore, in the case of stacked 

transformer structures, differences in metallization thicknesses and distances between respective 

coils and the silicon substrate also cause discrepancies in transformer performance.   

INTEGRATED TRANSFORMER AND METHOD OF FABRICATION
THEREOF FIELD OF THE INVENTION [0001]The present invention relates
to integrated transformers for semiconductor integrated circuit structures, and
to a method of fabricating an integrated transformer. BACKGROUND OF
THE INVENTION [0002]Monolithic transformers are used in on-chip radio
frequency (RF) integrated circuits (ICs) to perform a range of functions
including impedance matching, signal coupling and phase splitting. Monolithic
transformers provide a number of advantages for the circuit designer over
conventional transformers including lower power consumption and higher
packaging density. Monolithic transformers enable power amplifiers to be
fabricated by standard CMOS processes. However, power levels obtainable
based on existing fully integrated amplifiers using silicon as the substrate are
too low to be considered for wireless applications. This is due to power
losses caused by eddy currents induced in the silicon substrate by
electromagnetic fields associated with coils of the transformer. [0003]In order
to reduce power losses, a variety of fabrication methods have been proposed
including special wafer-processing techniques including thinning of the silicon
substrate. This technique is costly, however, and not readily compatible with
foundry processing technologies. Furthermore, additional costs are
associated with this technique. [0004]Current fabrication techniques for
monolithic transformer structures result in the primary and secondary coils
being formed to have unequal physical lengths, resulting in a difference
between the values of inductance of the coils. Furthermore, in the case of
stacked transformer structures, differences in metallization thicknesses and
distances between respective coils and the silicon substrate also cause
discrepancies in transformer performance.  [0005]Examples of known
integrated transformer structures include planar transformer 
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[0005]      Examples of known integrated transformer structures include planar transformer 

structures that rely on coupling between coils located primarily in the same plane, ie lateral (or 

‘side’) coupling between coils.  US2003/0071706 discloses such a structure.   

[0006]      FIGs. 1(a) and (b) show prior art transformer structures of the planar and stacked 

type, respectively.  The structures show transformers having, respectively, two and four turns per 

primary and secondary coil.  FIGs. 2(a) and (b) are exploded views of the structures of FIGs. 

1(a) and (b) respectively.   

[0007]      Planar transformers rely on coupling between coils in a lateral (or ‘horizontal’) 

direction.  Structures of the stacked type rely on coupling between coils located in parallel 

spaced apart planes, i.e. transverse (or ‘vertical’) coupling.  US2004/0056749 discloses 

structures of the stacked type.   

[0008]      Lee (S.-G. Lee, “Area efficient and symmetric design of monolithic transformers for 

silicon RF ICs,” Proceedings of the IEEE Region 10 Conference, 1999, pages 880 - 882) 

proposed an integrated transformer structure having the feature of mixed coupling between 

primary and secondary coils.  The structure proposed by Lee exhibits side-coupling (hereinafter 

referred to as ‘lateral coupling’) and vertical-coupling (hereinafter referred to as ‘transverse 

coupling’).  Mixed coupling was suggested to provide the best performance in terms of 

symmetry, area efficiency and insertion loss.   

[0009]      The performance of mixed coupling devices is generally better than that of devices 

relying on only lateral or transverse coupling between coils.  However, further improvements in 

transformer performance are highly desirable.   

 

SUMMARY OF THE INVENTION 

[0010]      It is an aim of embodiments of the present invention to at least partly mitigate the 

above mentioned problems.  

structures that rely on coupling between coils located primarily in the same
plane, ie lateral (or 'side') coupling between coils. US2003/0071706 discloses
such a structure. [0006]FIGs. 1(a) and (b) show prior art transformer
structures of the planar and stacked type, respectively. The structures show
transformers having, respectively, two and four turns per primary and
secondary coil. FIGs. 2(a) and (b) are exploded views of the structures of
FIGs. 1(a) and (b) respectively. [0007]Planar transformers rely on coupling
between coils in a lateral (or 'horizontal') direction. Structures of the stacked
type rely on coupling between coils located in parallel spaced apart planes,
i.e. transverse (or 'vertical') coupling. U5200410056749 discloses structures
of the stacked type. [0008]Lee (S.-G. Lee, "Area efficient and symmetric
design of monolithic transformers for silicon RF ICs," Proceedings of the
IEEE Region 10 Conference, 1999, pages 880 - 882) proposed an integrated
transformer structure having the feature of mixed coupling between primary
and secondary coils. The structure proposed by Lee exhibits side-coupling
(hereinafter referred to as 'lateral coupling') and vertical-coupling (hereinafter
referred to as 'transverse coupling'). Mixed coupling was suggested to
provide the best performance in terms of symmetry, area efficiency and
insertion loss. [0009]The performance of mixed coupling devices is generally
better than that of devices relying on only lateral or transverse coupling
between coils. However, further improvements in transformer performance
are highly desirable. SUMMARY OF THE INVENTION [0010]It is an aim of
embodiments of the present invention to at least partly mitigate the above
mentioned problems. 
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[0011]      It is a further aim of embodiments of the invention to provide an improved integrated 

transformer structure. 

[0012]      Another aim of embodiments of the present invention is to provide a fabrication 

method for an improved integrated transformer structure.   

[0013]      A still further aim of embodiments of the present invention is to provide an integrated 

transformer having increased power efficiency.  It is a further aim of embodiments of the 

invention to provide a transformer having increased power efficiency that is compatible with 

standard CMOS deep-submicron fabrication processes.   

[0014]      According to a first aspect of the present invention there is provided an integrated 

transformer structure, comprising: 

a first coil element associated with a transverse axis, the first coil element having at least 

one turn, the first coil element comprising a first portion provided on a first lateral level, and a 

second portion provided on a second lateral level, the first and second lateral levels being 

mutually spaced apart along said transverse axis, the first and second portions being displaced 

laterally from said axis by different respective distances; and 

at least one crossover portion of the first coil element, 

the first coil element being configured to provide a conducting path through at least a portion of 

the first portion of the first coil element to the crossover portion, through the crossover portion 

and subsequently through at least a portion of the second portion of the first coil element, in 

which any change of flow direction along said path is less than 90˚ in a lateral direction.   

[0015]      According to a second aspect of the invention there is provided an integrated 

transformer structure, comprising: first and second coil elements associated with a transverse 

axis, each coil element having at least one turn, each coil element comprising a first portion 

provided on a first lateral level, and a second portion provided on a second lateral level, the first 

and second lateral levels being mutually spaced apart along said transverse axis, the first and 

[0011]It is a further aim of embodiments of the invention to provide an
improved integrated transformer structure. [0012]Another aim of
embodiments of the present invention is to provide a fabrication method for
an improved integrated transformer structure. [0013]A still further aim of
embodiments of the present invention is to provide an integrated transformer
having increased power efficiency. It is a further aim of embodiments of the
invention to provide a transformer having increased power efficiency that is
compatible with standard CMOS deep-submicron fabrication processes.
[0014]According to a first aspect of the present invention there is provided an
integrated transformer structure, comprising:       a first coil element
associated with a transverse axis, the first coil element having at least one
turn, the first coil element comprising a first portion provided on a first lateral
level, and a second portion provided on a second lateral level, the first and
second lateral levels being mutually spaced apart along said transverse axis,
the first and second portions being displaced laterally from said axis by
different respective distances; and at least one crossover portion of the first
coil element, the first coil element being configured to provide a conducting
path through at least a portion of the first portion of the first coil element to
the crossover portion, through the crossover portion and subsequently
through at least a portion of the second portion of the first coil element, in
which any change of flow direction along said path is less than 90 in a lateral
direction. [0015]According to a second aspect of the invention there is
provided an integrated 



 

4 

second portions being displaced laterally from said axis by different respective distances, each 

coil element further comprising at least one crossover portion, said coil elements being 

configured to provide a conducting path through at least a portion of the first portion of the 

respective coil element to the crossover portion of the coil element, through the respective 

crossover portion and subsequently through at least a portion of the second portion of the 

respective coil element, in which any change of flow direction along said path is less than 90˚ in 

a lateral direction, the first and second coil elements being arranged to provide electromagnetic 

coupling between said coil elements along a portion of a length of at least one coil element in 

both a lateral and a transverse direction. 

[0016]      According to a third aspect of the invention there is provided a method of fabricating 

an integrated transformer structure, comprising the steps of: 

forming a first coil element associated with a transverse axis, the first coil element having 

at least one turn, the first coil element comprising a first portion provided on a first lateral level, 

and a second portion provided on a second lateral level, the first and second lateral levels being 

mutually spaced apart along said transverse axis, the first and second portions being displaced 

laterally from said axis by different respective distances; and 

forming at least one crossover portion in the first coil element, 

whereby the first coil element is configured to provide a conducting path through at least 

a portion of the first portion of the first coil element to the crossover portion, through the 

crossover portion and subsequently through at least a portion of the second portion of the first 

coil element, in which any change of flow direction along said path is less than 90˚ in a lateral 

direction.   

[0017]      The method may, in some embodiments, comprise the steps of forming a second coil 

element associated with said transverse axis, the second coil element having at least one turn 

comprising a first portion formed on the first lateral level, and a second portion formed on the 

transformer structure, comprising: first and second coil elements associated
with a transverse axis, each coil element having at least one turn, each coil
element comprising a first portion provided on a first lateral level, and a
second portion provided on a second lateral level, the first and second lateral
levels being mutually spaced apart along said transverse axis, the first and
second portions being displaced laterally from said axis by different
respective distances, each coil element further comprising at least one
crossover portion, said coil elements being configured to provide a
conducting path through at least a portion of the first portion of the respective
coil element to the crossover portion of the coil element, through the
respective crossover portion and subsequently through at least a portion of
the second portion of the respective coil element, in which any change of flow
direction along said path is less than 90 in a lateral direction, the first and
second coil elements being arranged to provide electromagnetic coupling
between said coil elements along a portion of a length of at least one coil
element in both a lateral and a transverse direction. [0016]According to a
third aspect of the invention there is provided a method of fabricating an
integrated transformer structure, comprising the steps of:       forming a first
coil element associated with a transverse axis, the first coil element having at
least one turn, the first coil element comprising a first portion provided on a
first lateral level, and a second portion provided on a second lateral level, the
first and second lateral levels being mutually spaced apart along said
transverse axis, the first and second portions being displaced laterally from
said axis by different respective distances; and forming at least one
crossover portion in the first coil element,       whereby the first coil element is
configured to provide a conducting path through at least a portion of the first
portion of the first coil element to the crossover portion, through the crossover
portion and subsequently through at least a portion of the second portion of
the first coil element, in which any change of flow direction along said path is
less than 90 in a lateral direction. [0017]The method may, in some
embodiments, comprise the steps of forming a second coil element
associated with said transverse axis, the second coil element having at least
one turn comprising a first portion formed on the first lateral level, and a
second portion formed on the 4  second lateral level, the first and second
portions being laterally offset from one another around said transverse axis. 
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second lateral level, the first and second portions being laterally offset from one another around 

said transverse axis. 

[0018]      In some embodiments, the first and second coil elements are formed to provide 

electromagnetic coupling between the coil elements along a portion of a length of at least one 

coil element in both a lateral and a transverse direction. 

[0019]      In some embodiments, the first coil element comprises a plurality of turns. 

[0020]      In some embodiments, the second coil element comprises a plurality of turns. 

[0021]      In some embodiments, each turn of said first and second coils is formed to have: 

a first portion provided on a first lateral level, and a second portion provided on a second 

lateral level, the first and second lateral levels being mutually spaced apart along said transverse 

axis, the first and second portions being displaced laterally from said axis by different distances, 

and at least one crossover portion, 

each turn being configured to provide a conducting path through at least a portion of the 

first portion to the crossover portion, through the crossover portion and subsequently through at 

least a portion of the second portion, in which any change of flow direction along said path is 

less than 90˚ in a lateral direction.   

[0022]      In some embodiments, said first and second portions of each turn each comprises 

substantially half a turn of said coil element.   

[0023]      In alternative embodiments, each turn of said first and second coils further comprises 

third and fourth portions. 

[0024]      In some embodiments, each of the first and fourth portions of each turn are laterally 

offset from the common transverse axis a different distance than the second and third portions of 

each coil. 

[0025]      In some embodiments, said first and third portions of each coil are provided on a 

different lateral level to the second and fourth portions of each coil.   

[0018]In some embodiments, the first and second coil elements are formed to
provide electromagnetic coupling between the coil elements along a portion
of a length of at least one coil element in both a lateral and a transverse
direction. [0019]In some embodiments, the first coil element comprises a
plurality of turns. [0020]In some embodiments, the second coil element
comprises a plurality of turns. [0021]In some embodiments, each turn of said
first and second coils is formed to have:       a first portion provided on a first
lateral level, and a second portion provided on a second lateral level, the first
and second lateral levels being mutually spaced apart along said transverse
axis, the first and second portions being displaced laterally from said axis by
different distances, and at least one crossover portion,       each turn being
configured to provide a conducting path through at least a portion of the first
portion to the crossover portion, through the crossover portion and
subsequently through at least a portion of the second portion, in which any
change of flow direction along said path is less than 90 in a lateral direction.
[0022]In some embodiments, said first and second portions of each turn each
comprises substantially half a turn of said coil element. [0023]In alternative
embodiments each turn of said first and second coils further comprises third
and fourth portions. [0024]In some embodiments, each of the first and fourth
portions of each turn are laterally 
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[0026]      In some embodiments, the first and third portions of each coil are in diametrically 

opposed spaced relationship about the common axis. 

[0027]      In some embodiments, said first, second, third and fourth portions of each turn each 

comprises generally one quarter of a turn. 

[0028]      In some embodiments, each coil element comprises two turns.  In alternative 

embodiments, each coil element comprises four turns.    

[0029]      In some embodiments, the turns are substantially symmetrical. 

[0030]      In some embodiments, the first coil element is arranged such that no portions of the 

first coil element overlie one another along a direction parallel to said transverse axis.   

[0031]      In some embodiments, the first coil element comprises a plurality of turns arranged 

such that adjacent concentric portions of said turns on a given lateral level are separated by a 

portion of a turn of the second coil element.   

[0032]      In one embodiment, the method comprises the steps of 

forming a layer of a conductive material on a first lateral level; 

patterning said layer of conductive material to form portions of turns of each of the first 

and second coil elements; 

forming a layer of an insulating material above the conductive material on the first lateral 

level; 

forming a layer of a conductive material on the second lateral level; and 

patterning said layer of conductive material to form corresponding portions of turns of each of 

the first and second coil elements. 

[0033]      In embodiments of the invention, enhanced coupling is provided between first and 

second coils of the transformer structure.  This is at least in part due to the use of crossover 

elements that increase a level of coupling between respective first and second coils of a 

transformer structure.   

offset from the common transverse axis a different distance than the second
and third portions of each coil. [0025]In some embodiments, said first and
third portions of each coil are provided on a different lateral level to the
second and fourth portions of each coil.  [0026]In some embodiments, the
first and third portions of each coil are in diametrically opposed spaced
relationship about the common axis. [0027]In some embodiments, said first,
second, third and fourth portions of each turn each comprises generally one
quarter of a turn. [0028]In some embodiments, each coil element comprises
two turns. In alternative embodiments, each coil element comprises four
turns. [0029]In some embodiments, the turns are substantially symmetrical.
[0030]In some embodiments, the first coil element is arranged such that no
portions of the first coil element overlie one another along a direction parallel
to said transverse axis. 
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[0034]      In embodiments of the invention, an amount of current crowding in a region of the 

transformer structure where the crossover elements are located is reduced.  This is at least in part 

due to the fact that crossover elements according to embodiments of the invention provide an 

electrical flowpath with lateral changes of direction less than 90˚.   

[0035]      In embodiments of the invention, the electrical characteristics of the primary and 

secondary coils are substantially the same.  This is at least in part due to increased symmetry of 

primary and secondary coils constructed according to embodiments of the invention.  The 

increased symmetry has the consequence that, per unit length of coil, the average distance from a 

ground plane is substantially the same for each coil.   

[0036]      In embodiments of the invention, noise self-cancellation is achieved due to the 

differential layout connection.  This connection substantially eliminates common-mode noise.   

[0037]      Whilst reference is made to primary and secondary coils having portions on first and 

second lateral levels, it will be appreciated that said lateral levels are not necessarily perfectly 

planar.  A small amount of non-planarity may be present.  In other words, the lateral levels, 

although substantially planar, need not be perfectly planar.  Furthermore, it will be appreciated 

that portions of one or each coils within a given lateral level may not be perfectly coplanar, due 

to variations in fabrication processes and fabrication methodology.  Thus, a direction of lateral 

coupling between adjacent concentric portions of the first and second coils may not be perfectly 

orthogonal to the transverse axis of the coils.  Similarly, a direction of lateral coupling between 

adjacent portions on respective lateral levels may not be perfectly parallel to the transverse axis 

of the coils.   

[0038]      It will also be appreciated that reference to coupling between coils along a lateral and 

a transverse direction is not intended to refer solely to resolved components of a single direction 

of coupling between two coils.  This latter situation is illustrated schematically in FIG. 3a.  The 

direction of coupling between the portions of the primary coil (P) and secondary coil (S) is 

[0031]In some embodiments, the first coil element comprises a plurality of
turns arranged such that adjacent concentric portions of said turns on a given
lateral level are separated by a portion of a turn of the second coil element.
[0032]In one embodiment, the method comprises the steps of forming a layer
of a conductive material on a first lateral level;       patterning said layer of
conductive material to form portions of turns of each of the first and second
coil elements; forming a layer of an insulating material above the conductive
material on the first lateral level; forming a layer of a conductive material on
the second lateral level; and patterning said layer of conductive material to
form corresponding portions of turns of each of the first and second coil
elements. [0033]In embodiments of the invention, enhanced coupling is
provided between first and second coils of the transformer structure. This is
at least in part due to the use of crossover elements that increase a level of
coupling between respective first and second coils of a transformer structure.
[0034]In embodiments of the invention, an amount of current crowding in a
region of the 
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indicated by arrow C.  The resolved components of C in a lateral and transverse direction are 

indicated as CL and CT, respectively. 

[0039]      Rather, such reference is intended to refer to coupling between a portion of the 

primary coil and a portion of the secondary coil which portions are mutually spaced apart within 

a given lateral level, and at the same time coupling between said portion of the primary coil and 

another portion of the secondary coil which portions are mutually spaced apart along a direction 

parallel to said transverse axis of the structure.  This situation is illustrated in FIG. 3b with 

respect to a portion of the primary coil (P) coupled to portions of the secondary coil on two 

different respective lateral levels.  Lateral coupling between portions of the primary and 

secondary coils in the same lateral level is provided (indicated by arrow C1), and transverse 

coupling between the same portion of the primary coil and a portion of the secondary coil on a 

different lateral level is also provided (indicated by arrow C2). 

[0040]      An integrated transformed structure according to embodiments of the present 

invention has the advantage that coupling along a direction C1 between portions of the same coil 

(e.g. portions of the primary coil) is avoided.  Rather, coupling along direction C1 occurs 

between the primary coil and the secondary coil, or between the secondary coil and the primary 

coil.   

[0041]      Furthermore, coupling along direction C2 between portions of the same coil (e.g. 

portions of the primary coil) is also avoided.  Rather, coupling along direction C1 occurs 

between the primary coil and the secondary coil, or between the secondary coil and the primary 

coil.   

[0042]      This results in an increase in performance of an integrated transformer structure 

according to the first embodiment of the invention.   

[0043]      Whilst reference has been made to coupling between a portion of the primary coil on 

a lateral level and respective different portions of the secondary coil provided on each of two 

transformer structure where the crossover elements are located is reduced.
This is at least in part due to the fact that crossover elements according to
embodiments of the invention provide an electrical flowpath with lateral
changes of direction less than 90. [0035]In embodiments of the invention, the
electrical characteristics of the primary and secondary coils are substantially
the same. This is at least in part due to increased symmetry of primary and
secondary coils constructed according to embodiments of the invention. The
increased symmetry has the consequence that, per unit length of coil, the
average distance from a ground plane is substantially the same for each coil.
[0036]In embodiments of the invention, noise self-cancellation is achieved
due to the differential layout connection. This connection substantially
eliminates common-mode noise. [0037]Whilst reference is made to primary
and secondary coils having portions on first and second lateral levels, it will
be appreciated that said lateral levels are not necessarily perfectly planar. A
small amount of non-planarity may be present. In other words, the lateral
levels, although substantially planar, need not be perfectly planar.
Furthermore, it will be appreciated that portions of one or each coils within a
given lateral level may not be perfectly coplanar, due to variations in
fabrication processes and fabrication methodology. Thus, a direction of
lateral coupling between adjacent concentric portions of the first and second
coils may not be perfectly orthogonal to the transverse axis of the coils.
Similarly, a direction of lateral coupling between adjacent portions on
respective lateral levels may not be perfectly parallel to the transverse axis of
the coils. [0038]It will also be appreciated that reference to coupling between
coils along a lateral and a transverse direction is not intended to refer solely
to resolved components of a single direction of coupling between two coils.
This latter situation is illustrated schematically in FIG. 3a. The direction of
coupling between the portions of the primary coil (P) and secondary coil (S) is
indicated by arrow C. The resolved components of C in a lateral and
transverse direction are indicated as CL and CT, respectively. [0039]Rather,
such reference is intended to refer to coupling between a portion of the
primary coil and a portion of the secondary coil which portions are mutually
spaced apart within a given lateral level, and at the same time coupling
between said portion of the primary coil and another portion of the secondary
coil which portions are mutually spaced apart along a direction parallel to said
transverse axis of the structure. This situation is illustrated in FIG. 3b with 
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lateral levels, it will be appreciated that the discussion is equally applicable to coupling between 

a portion of the secondary coil on a given lateral level, and respective different portions of the 

primary coil provided on each of the respective different lateral levels.   

[0044]      Integrated transformer structures according to embodiments of the invention may be 

described as having ‘interdigitized’ coils.  The term interdigitized coils refers to coils, such as the 

primary and secondary coils, having respective portions coupled along a lateral direction (e.g. 

direction C1, shown in FIG. 3b) and along a transverse direction normal to the lateral direction 

(e.g. direction C2, also shown in FIG. 3b).  

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045]      Embodiments of the present invention will now be described hereinafter, by way of 

example only, with reference to the accompanying drawings, in which: 

[0046]      FIG. 1 is a schematic illustration of prior art structures showing (a) a planar 

transformer having primary and secondary coils having two turns per coil and (b) a transformer 

having four turns per coil, the primary and secondary coils each being provided on one of two 

lateral levels spaced apart in a transverse direction. 

[0047]      FIG. 2 is a schematic illustration of exploded views of the prior art transformer 

structures of FIG. 1. 

[0048]      FIG. 3 is a schematic illustration of (a) coupling between two respective portions of 

coils of a transformer structure showing resolved components of coupling along a lateral and a 

transverse direction, and (b) coupling between three respective portions of coils along a lateral 

direction and along a transverse direction. 

[0049]      FIG. 4 is a schematic illustration of a transformer structure according to a first 

embodiment of the invention. 

[0050]      FIG. 5 is a schematic illustration of an exploded view of the structure of FIG. 4. 

respect to a portion of the primary coil (P) coupled to portions of the
secondary coil on two different respective lateral levels. Lateral coupling
between portions of the primary and secondary coils in the same lateral level
is provided (indicated by arrow Cl), and transverse coupling between the
same portion of the primary coil and a portion of the secondary coil on a
different lateral level is also provided (indicated by arrow C2). [0040]An
integrated transformed structure according to embodiments of the present
invention has the advantage that coupling along a direction Cl between
portions of the same coil (e.g. portions of the primary coil) is avoided. Rather,
coupling along direction Cl occurs between the primary coil and the
secondary coil, or between the secondary coil and the primary coil.
[0041]Furthermore, coupling along direction C2 between portions of the same
coil (e.g. portions of the primary coil) is also avoided. Rather, coupling along
direction Cl occurs between the primary coil and the secondary coil, or
between the secondary coil and the primary coil. [0042]This results in an
increase in performance of an integrated transformer structure according to
the first embodiment of the invention. [0043]Whilst reference has been made
to coupling between a portion of the primary coil on a lateral level and
respective different portions of the secondary coil provided on each of two
lateral levels, it will be appreciated that the discussion is equally applicable to
coupling between a portion of the secondary coil on a given lateral level, and
respective different portions of the primary coil provided on each of the
respective different lateral levels. [0044]Integrated transformer structures
according to embodiments of the invention may be described as having
Interdigitized' coils. The term interdigitized coils refers to coils, such as the
primary and secondary coils, having respective portions coupled along a
lateral direction (e.g. direction Cl, shown in FIG. 3b) and along a transverse
direction normal to the lateral direction (e.g. direction C2, also shown in FIG.
3b). 
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[0051]      FIG. 6 is a schematic illustration of a transformer structure according to the first 

embodiment of the invention. 

[0052]      FIG. 7 shows (a) a perspective view of region A and a corresponding cross-sectional 

view along line X1-X1 of FIG. 6, and (b) a perspective view of region B and a corresponding 

cross-sectional view along line X2-X2 of FIG. 6.    

[0053]      FIG. 8 is a schematic illustration of a transformer structure according to a second 

embodiment of the invention. 

[0054]      FIG. 9 is a schematic illustration of an exploded view of the structure of FIG. 8. 

[0055]      FIG. 10 is a schematic illustration of a transformer structure according to the second 

embodiment of the invention. 

[0056]      FIG. 11 shows (a) a perspective view of region A’ and a cross-sectional view along 

line X1’-X1’ of FIG. 10, and (b) a perspective view of region B’ and a cross-sectional view 

along line X2’-X2’ of FIG. 10.  

[0057]      FIG. 12 shows (a) a perspective view of region C’ and a cross-sectional view along 

line Y1’-Y1’ of FIG. 10, and (b) a perspective view of region D’ and a cross-sectional view 

along line Y2’-Y2’ of FIG. 10.  

[0058]      FIG. 13 is a graph showing the amount of power transfer (Gmax) between primary 

and secondary coils as a function of frequency for (a) a conventional stacked transformer; (b) a 

transformer according to the first embodiment of the invention and (c) a transformer according to 

the second embodiment of the invention.   

[0059]      FIG. 14 is a schematic illustration of a primary coil of a transformer structure 

according to a third embodiment of the invention. 

[0060]      FIG. 15 is a schematic illustration of a secondary coil of a transformer structure 

according to the third embodiment of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS [0045]Embodiments of the
present invention will now be described hereinafter, by way of example only,
with reference to the accompanying drawings, in which: [0046]FIG. 1 is a
schematic illustration of prior art structures showing (a) a planar transformer
having primary and secondary coils having two turns per coil and (b) a
transformer having four turns per coil, the primary and secondary coils each
being provided on one of two lateral levels spaced apart in a transverse
direction. [0047]FIG. 2 is a schematic illustration of exploded views of the
prior art transformer structures of FIG. 1. [0048]FIG. 3 is a schematic
illustration of (a) coupling between two respective portions of coils of a
transformer structure showing resolved components of coupling along a
lateral and a transverse direction, and (b) coupling between three respective
portions of coils along a lateral direction and along a transverse direction.
[0049]FIG. 4 is a schematic illustration of a transformer structure according to
a first embodiment of the invention. [0050]FIG. 5 is a schematic illustration of
an exploded view of the structure of FIG. 4.  
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[0061]      FIG. 16 is a schematic illustration of a transformer structure according to the third 

embodiment of the invention. 

[0062]      FIG. 17 is a cross-sectional schematic illustration of the structure according to the 

third embodiment of the invention.   

[0063]      FIG. 18 is a cross-sectional schematic illustration of a further structure according to a 

variation of the third embodiment of the invention.   

 

DETAILED DESCRIPTION OF THE INVENTION 

[0064]      The following embodiments are intended to illustrate the invention more fully 

without limiting their scope, since numerous modifications and variations will be apparent to 

those skilled in the art. 

[0065]      FIG. 4 shows an integrated transformer structure 10 according to a first embodiment 

of the invention.  The structure 10 has a primary coil 11 and a secondary coil 12.  In one 

embodiment, each of the coils is provided with four turns through substantially 360˚.  Two turns 

of each coil are provided on each of two different lateral levels.   

[0066]      The primary coil 11 has a pair of terminals 11a, 11b at opposed ends of the coil.  The 

secondary coil has a corresponding pair of terminals 12a, 12b at opposed ends.  The terminals of 

the coils allow electrical connection of the structure to a circuit.   

[0067]      It will be appreciated by persons skilled in the art that embodiments of the invention 

are not limited to a primary coil and a secondary coil each having four turns.  One or each of the 

coils can have a greater or smaller number of turns.  Furthermore, the coils do not necessarily 

have to have the same number of turns. 

[0068]      In addition, the shape of each coil need not be the same, although advantageously the 

coils are of similar shape or identical shape in order to provide improved coupling between the 

coils.   

[0051]FIG. 6 is a schematic illustration of a transformer structure according to
the first embodiment of the invention. [0052]FIG. 7 shows (a) a perspective
view of region A and a corresponding cross-sectional view along line X1-X1
of FIG. 6, and (b) a perspective view of region B and a corresponding
cross-sectional view along line X2-X2 of FIG. 6. [0053]FIG. 8 is a schematic
illustration of a transformer structure according to a second embodiment of
the invention. [0054]FIG. 9 is a schematic illustration of an exploded view of
the structure of FIG. 8. [0055]FIG. 10 is a schematic illustration of a
transformer structure according to the second embodiment of the invention.
[0056]FIG. 11 shows (a) a perspective view of region A' and a cross-sectional
view along line X1'-X1' of FIG. 10, and (b) a perspective view of region B' and
a cross-sectional view along line X2'-X2' of FIG. 10. [0057]FIG. 12 shows (a)
a perspective view of region C' and a cross-sectional view along line Y1'-Y1'
of FIG. 10, and (b) a perspective view of region D' and a cross-sectional view
along line Y2'-Y2' of FIG. 10. 
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[0069]      The terminals 11a, 11b, 12a, 12b need not be at opposed ends of a respective coil.  

One or each terminal of one or each coil may be located away from an end of a respective coil. 

[0070]      The coils may be formed of conducting elements of any suitable cross-sectional 

shape, including rectangular, square, round, oval or any other suitable shape.  Coils according to 

first and second embodiments of the invention are formed from a conducting track having a 

generally rectangular cross-section.  A width of the track in a lateral plane according to the first 

and second embodiments of the invention is about 10µm.  Other widths are also useful.   

[0071]      Furthermore, the number of turns need not be a whole number.  Coils according to 

some embodiments may have a fractional number of turns, for example 2.5 turns, or any other 

suitable number of turns.   

[0072]      Reference to a primary coil and a secondary coil having an integer multiples of turns 

each of substantially 360º includes primary and secondary coils according to the first and second 

embodiments of the invention.  It will of course be appreciated that, strictly, such coils do not 

have an integer multiple of coils of exactly 360º, since a gap between opposed ends of the coils 

is required in order to provide terminals to each of the coils.  However, the presence of this gap 

has been ignored for the purposes of defining the number of turns.   

[0073]      The primary and secondary coils are arranged to have portions on first and second 

lateral levels 101, 102 that are spaced apart in a transverse direction.  In other words, the first and 

second coils are distributed over two mutually spaced apart planar levels.  The planar levels are 

spaced apart along a transverse axis 20 normal to the two planar levels such that the coils 11, 12 

share a common transverse axis 20.    The first and second lateral levels are substantially parallel 

or parallel to one another.   

[0074]      Furthermore, the primary and secondary coils are arranged to have portions provided 

in the form of four concentric tracks 111, 112, 113, 114 within each lateral level 101, 102.  The 

tracks, in one embodiment, are mutually spaced apart in a given lateral plane.  For example, the 

[0058]FIG. 13 is a graph showing the amount of power transfer (Gmax)
between primary and secondary coils as a function of frequency for (a) a
conventional stacked transformer; (b) a transformer according to the first
embodiment of the invention and (c) a transformer according to the second
embodiment of the invention. [0059]FIG. 14 is a schematic illustration of a
primary coil of a transformer structure according to a third embodiment of the
invention. [0060]FIG. 15 is a schematic illustration of a secondary coil of a
transformer structure according to the third embodiment of the invention.
[0061]FIG. 16 is a schematic illustration of a transformer structure according
to the third embodiment of the invention. [0062]FIG. 17 is a cross-sectional
schematic illustration of the structure according to the third embodiment of
the invention. [0063]FIG. 18 is a cross-sectional schematic illustration of a
further structure according to a variation of the third embodiment of the
invention. 
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tracks are mutually spaced by a distance of about 20µm in a given lateral plane.  Other distances 

are also useful.   

[0075]      As illustrated in FIGs. 4 and 5, the primary coil has opposed end portions (or 

terminals) 11a, 11b on an upper (or second) lateral level 102, whilst the secondary coil has 

opposed terminals 12a, 12b on a lower (or first) lateral level 101.   

[0076]      Referring to the structure of the primary coil, the first turn 21 of the primary coil 11 

(FIG. 5) has a first half turn 21a (of substantially 180˚) that begins at terminal 11a on the second 

lateral level.  The half turn 21a has an average diameter D1 (FIG. 4) of a first value.  According 

to the first embodiment, the average diameter D1 has a value of about 182µm.  However it will 

be appreciated that in other embodiments of the invention the average diameter may be any other 

suitable value.  In some embodiments of the invention, the average diameter D1 has a value of 

about 282µm.  

[0077]      Coils are described herein as having an ‘average diameter’.  It will be appreciated that 

this is only one way of defining a characteristic of a coil.  The parameter ‘average diameter’ may 

be used to describe a coil of circular shape as well as a coil of non-circular shape.  The term 

‘average diameter’ refers to the distance between diametrically opposed positions of the coil, the 

positions being midpoints of a given track along a radial direction.   

[0078]      Coils according to embodiments of the present invention include coils of circular 

shape, as well as coils of generally circular shape (including coils having any number of straight 

sides, such as coils having three or more straight sides).  In the case of coils according to the first 

and second embodiments, the coils are of generally octagonal shape.   

[0079]      The second half turn 21b of the primary coil is provided on the first lateral level, and 

has an average diameter D2 (FIG. 4) of a second value which is less than D1.  According to the 

first embodiment, the value of D2 is about 158µm.  Other values for D2 are also useful.  The 

value of D2 is determined on the basis that the average width of the track forming each coil is 

DETAII FD DESCRIPTION OF THE INVENTION [0064]The following
embodiments are intended to illustrate the invention more fully without
limiting their scope, since numerous modifications and variations will be
apparent to those skilled in the art. [0065]FIG. 4 shows an integrated
transformer structure 10 according to a first embodiment of the invention. The
structure 10 has a primary coil 11 and a secondary coil 12. In one
embodiment, each of the coils is provided with four turns through
substantially 360. Two turns of each coil are provided on each of two different
lateral levels. [0066]The primary coil 11 has a pair of terminals 1 la, 1 lb at
opposed ends of the coil. The secondary coil has a corresponding pair of
terminals 12a, 12b at opposed ends. The terminals of the coils allow
electrical connection of the structure to a circuit. [0067]It will be appreciated
by persons skilled in the art that embodiments of the invention are not limited
to a primary coil and a secondary coil each having four turns. One or each of
the coils can have a greater or smaller number of turns. Furthermore, the
coils do not necessarily have to have the same number of turns. [0068]In
addition, the shape of each coil need not be the same, although
advantageously the coils are of similar shape or identical shape in order to
provide improved coupling between the coils.  [0069]The terminals 11 a, 11
b, 12a, 12b need not be at opposed ends of a respective coil. 
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about 10µm, and the distance between respective mutually adjacent concentric track portions is 

2µm. 

[0080]      In both the first and second embodiments of the invention, portions of coils of 

different diameters are arranged to be generally concentric with one another about the common 

axis 20.  The first and second half turns are connected to one another.  In one embodiment, the 

first and second half turns are coupled by a first crossover element 21c. 

[0081]      The crossover element 21c is in the form of a length of conductive material having 

two bends at respective positions along the length of the material of substantially 45˚ in opposite 

directions.  Thus, the crossover element allows respective ends of first and second half-turns to 

be connected such that current flowing through the first half turn flows into the second half-turn 

without experiencing a change of direction in a lateral plane of 90˚ or more.  That is, any change 

of direction in the lateral plane is less than 90°.  According to the first and second embodiments, 

any change of flow direction along the length of a crossover element does not exceed 45˚ in a 

lateral plane. 

[0082]      It will be appreciated that in alternative embodiments, a change of flow direction as 

current passes through the crossover element may be greater than 45˚, but less than 90˚.  In 

further alternative embodiments of the invention, the change of flow direction may be less than 

45˚.   

[0083]      Each of the primary and secondary coils 11, 12 comprises several crossover elements 

similar to the crossover element 21c connecting the first and second half-turns of the primary 

coil 11.    

[0084]      It will also be appreciated that in some embodiments of the invention one or more of 

the crossover elements may be formed integrally with one or both of the respective portions of 

the coil element between which the crossover element provides a flowpath.  In other words, one 

or both of the portions of the coil element being connected by the crossover element are formed 

One or each terminal of one or each coil may be located away from an end of
a respective coil. [0070]The coils may be formed of conducting elements of
any suitable cross-sectional shape, including rectangular, square, round, oval
or any other suitable shape. Coils according to first and second embodiments
of the invention are formed from a conducting track having a generally
rectangular cross-section. A width of the track in a lateral plane according to
the first and second embodiments of the invention is about 10um. Other
widths are also useful. [0071]Furthermore, the number of turns need not be a
whole number. Coils according to some embodiments may have a fractional
number of turns, for example 2.5 turns, or any other suitable number of turns.
[0072]Reference to a primary coil and a secondary coil having an integer
multiples of turns each of substantially 360 includes primary and secondary
coils according to the first and second embodiments of the invention. It will of
course be appreciated that, strictly, such coils do not have an integer multiple
of coils of exactly 360, since a gap between opposed ends of the coils is
required in order to provide terminals to each of the coils. However, the
presence of this gap has been ignored for the purposes of defining the
number of turns. [0073]The primary and secondary coils are arranged to
have portions on first and second lateral levels 101, 102 that are spaced
apart in a transverse direction. In other words, the first and second coils are
distributed over two mutually spaced apart planar levels. The planar levels
are spaced apart along a transverse axis 20 normal to the two planar levels
such that the coils 11, 12 share a common transverse axis 20. The first and
second lateral levels are substantially parallel or parallel to one another.
[0074]Furthermore, the primary and secondary coils are arranged to have
portions provided in the form of four concentric tracks 111, 112, 113, 114
within each lateral level 101, 102. The tracks, in one embodiment, are
mutually spaced apart in a given lateral plane. For example, the 12  
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as a single, continuous member with the crossover element, rather than as discrete elements in 

mutual contact.   

[0085]      The second half turn 21b of the primary coil 11 is connected to a third half turn 31a 

that is provided on the second lateral level.  Half turns 21b and 31a are connected to one another 

by a second crossover element 31c.   

[0086]      The third half turn 31a has an average diameter D3 which is less than D2.  According 

to the first embodiment, the value of D3 is about 134µm.   

[0087]      The third half turn 31a is connected by a third crossover element 31c’ to a fourth half-

turn 31b, the fourth half-turn 31b being provided on the first lateral level.   

[0088]      A fifth half-turn 41a is also provided on the first lateral level, as in the case of the 

fourth half-turn 31b.  The fourth and fifth half-turns 31b, 41a are connected to one another by an 

underpass element 41c.  Underpass element 41c is employed because both half-turns are 

provided on the same (i.e. the first) lateral level, and both have an average diameter of D4, which 

is less than D3.  Thus, the fourth and fifth half-turns are connected without the requirement for a 

change in average diameter of a half-turn, or a change in lateral level of a half-turn.  According 

to the first embodiment of the invention the value of D4 is 110µm.  It will be appreciated that in 

alternative embodiments, fourth and fifth half-turns 31b, 41a are formed as a single continuous 

turn and that therefore underpass element 41c is unnecessary in such embodiments.   

[0089]      The fifth half-turn 41a is itself connected to a sixth half-turn 41b by a fourth 

crossover 41c.  The sixth half-turn 41b has an average diameter D3 and is provided on the 

second lateral level.   

[0090]      Similarly, the seventh half-turn 51a has an average diameter D2 and is provided on 

the first lateral level.  The sixth and seventh half-turns are connected by a fifth crossover element 

41c’.   

tracks are mutually spaced by a distance of about 20um in a given lateral
plane. Other distances are also useful. [0075]As illustrated in FIGs. 4 and 5,
the primary coil has opposed end portions (or terminals) 11 a, 11 b on an
upper (or second) lateral level 102, whilst the secondary coil has opposed
terminals 12a, 12b on a lower (or first) lateral level 101. [0076]Referring to
the structure of the primary coil, the first turn 21 of the primary coil 11 (FIG. 5)
has a first half turn 21a (of substantially 180) that begins at terminal lla on the
second lateral level. The half turn 21a has an average diameter D1 (FIG. 4)
of a first value. According to the first embodiment, the average diameter D1
has a value of about 182um. However it will be appreciated that in other
embodiments of the invention the average diameter may be any other
suitable value. In some embodiments of the invention, the average diameter
D1 has a value of about 282um. [0077]Coils are described herein as having
an 'average diameter'. It will be appreciated that this is only one way of
defining a characteristic of a coil. The parameter 'average diameter' may be
used to describe a coil of circular shape as well as a coil of non-circular
shape. The term 'average diameter' refers to the distance between
diametrically opposed positions of the coil, the positions being midpoints of a
given track along a radial direction. [0078]Coils according to embodiments of
the present invention include coils of circular shape, as well as coils of
generally circular shape (including coils having any number of straight sides,
such as coils having three or more straight sides). In the case of coils
according to the first and second embodiments, the coils are of generally
octagonal shape. [0079]The second half turn 21b of the primary coil is
provided on the first lateral level, and has an average diameter D2 (FIG. 4) of
a second value which is less than Dl. According to the first embodiment, the
value of D2 is about 158um. Other values for D2 are also useful. The value of
D2 is determined on the basis that the average width of the track forming
each coil is about 10um, and the distance between respective mutually
adjacent concentric track portions is 2jim. [0080]In both the first and second
embodiments of the invention, portions of coils of 
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[0091]      Finally, the eighth half-turn 51b is provided on the second lateral level and terminates 

in terminal 11b.  The seventh and eighth half-turns are connected to one another by a sixth 

crossover element 51c.   

[0092]      Further details regarding the regions of the structure in which the crossover elements 

are provided are illustrated in FIG. 7. 

[0093]      FIG. 7(a) shows a perspective view of region ‘A’ of FIG. 6, and a cross-sectional 

view along line X1-X1 of FIG. 6.  FIG. 7(b) shows a perspective view of region ‘B’ of FIG. 6, 

and a cross-sectional view along line X2-X2 of FIG. 6.  In the figures, letters ‘P’ and ‘S’ identify 

the ‘primary’ and ‘secondary’ coils, respectively.   

[0094]      With reference to FIGs. 7(a) and (b), it may be seen that according to the first 

embodiment, the crossover elements are substantially planar, provided on lateral levels located 

along the transverse axis 20 between the first and second lateral levels.    

[0095]      The primary and secondary coils 11, 12 are provided in an oxide layer 3 formed over 

a substrate 2.  A passivation layer 4 is provided above the coils 11, 12.  It will be appreciated that 

one or more via elements are associated with each crossover element in order to form a 

continuous flowpath through each coil.   

[0096]      By way of illustration, in the case of the first turn of the primary coil 21, crossover 

element 21c (FIG. 7(b)) is connected to the first half-turn 21a by a via element 71.  Via element 

71 runs vertically downwards to the crossover element 21c from a lower surface of first half-turn 

21a at an end of half-turn 21a opposite the end at which terminal 11a is located.  In other words, 

via element 71 provides a vertical connection between the crossover element 21c and the first 

half-turn 21a of the first turn 21 of the primary coil 11. 

[0097]      The secondary coil 12 is configured in a complementary manner to the primary coil 

11 as shown schematically in FIGs. 4, 5 and 7. 

different diameters are arranged to be generally concentric with one another
about the common axis 20. The first and second half turns are connected to
one another. In one embodiment, the first and second half turns are coupled
by a first crossover element 21c. [0081]The crossover element 21c is in the
form of a length of conductive material having two bends at respective
positions along the length of the material of substantially 45 in opposite
directions. Thus, the crossover element allows respective ends of first and
second half-turns to be connected such that current flowing through the first
half turn flows into the second half-turn without experiencing a change of
direction in a lateral plane of 90 or more. That is, any change of direction in
the lateral plane is less than 90. According to the first and second
embodiments, any change of flow direction along the length of a crossover
element does not exceed 45 in a lateral plane. [0082]It will be appreciated
that in alternative embodiments, a change of flow direction as current passes
through the crossover element may be greater than 45, but less than 90. In
further alternative embodiments of the invention, the change of flow direction
may be less than 45. [0083]Each of the primary and secondary coils 11, 12
comprises several crossover elements similar to the crossover element 21c
connecting the first and second half-turns of the primary coil 11. [0084]It will
also be appreciated that in some embodiments of the invention one or more
of the crossover elements may be formed integrally with one or both of the
respective portions of the coil element between which the crossover element
provides a flowpath. In other words, one or both of the portions of the coil
element being connected by the crossover element are formed as a single,
continuous member with the crossover element, rather than as discrete
elements in mutual contact. [0085]The second half turn 21b of the primary
coil 11 is connected to a third half turn 31a that is provided on the second
lateral level. Half turns 21b and 31a are connected to one another by a
second crossover element 31c. [0086]The third half turn 31a has an average
diameter D3 which is less than D2. According 
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[0098]      The secondary coil 12 has eight half-turns, respectively labelled 22a, 22b, 32a, 32b, 

42a, 42b, 52a and 52b.  Crossover elements 22c, 22c’, 32c, 42c, 42c’ and 52c connect respective 

adjacent ends of the half-turns, in a similar manner to the primary coil 11. 

[0099]      It has been recognised that a problem with the structure of Lee described above is that 

portions of one coil overlie one another in the vicinity of via elements between levels of the 

structure.  This reduces efficiency of the structure by reducing the length of each coil over which 

coupling with the other coil is possible.   

[0100]      A structure according to the first embodiment of the invention has the advantage that 

portions of a given coil of the structure do not overlie one another.  This is at least in part due to 

the crossover elements employed by structures according to embodiments of the present 

invention.  Crossover elements according to embodiments of the present invention do not have 

90º bends in a lateral plane in the vicinity of the crossover elements. 

[0101]      It will be appreciated by those skilled in the art that in alternative embodiments of the 

invention, one or more portions of a given coil may in fact overlie one another.     

[0102]      It has been recognised that a further disadvantage of the structure of Lee is the 

presence of two closely spaced 90˚ bends on each level in the region of via elements between 

levels of the structure.  The presence of these bends results in an increase in the series resistance 

of the coils, leading to current-crowding in the vicinity of the 90º bends.  This results in a 

significant degradation in transformer performance.   

[0103]      Structures according to embodiments of the present invention have the advantage of 

reduced current crowding in the vicinity of the crossover elements.  This is at least in part due to 

the absence of 90˚ bends in a lateral plane in the vicinity of the crossover elements.   

[0104]      It will be appreciated by those skilled in the art that in alternative embodiments of the 

invention, not all of the members connecting portions of coils on different lateral levels have the 

characteristic that any change of flowpath they provide does not exceed 90º in a lateral direction.  

to the first embodiment, the value of D3 is about 134um. [0087]The third half
turn 31a is connected by a third crossover element 31c' to a fourth half- turn 3
lb, the fourth half-turn 31b being provided on the first lateral level. [0088]A
fifth half-turn 41a is also provided on the first lateral level, as in the case of
the fourth half-turn 31b. The fourth and fifth half-turns 31b, 41a are connected
to one another by an underpass element 41c. Underpass element 41c is
employed because both half-turns are provided on the same (i.e. the first)
lateral level, and both have an average diameter of D4, which is less than D3.
Thus, the fourth and fifth half-turns are connected without the requirement for
a change in average diameter of a half-turn, or a change in lateral level of a
half-turn. According to the first embodiment of the invention the value of D4 is
110um. It will be appreciated that in alternative embodiments, fourth and fifth
half-turns 3 1 b, 41a are formed as a single continuous turn and that
therefore underpass element 41c is unnecessary in such embodiments.
[0089]The fifth half-turn 41a is itself connected to a sixth half-turn 41b by a
fourth crossover 41c. The sixth half-turn 41b has an average diameter D3
and is provided on the second lateral level. [0090]Similarly, the seventh
half-turn Ma has an average diameter D2 and is provided on the first lateral
level. The sixth and seventh half-turns are connected by a fifth crossover
element 41c'.  [0091]Finally, the eighth half-turn 51b is provided on the
second lateral level and terminates in terminal 11b. The seventh and eighth
half-turns are connected to one another by a sixth crossover element 51c.
[0092]Further details regarding the regions of the structure in which the
crossover elements 
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One or more crossover members may be provided that do provide a change of flowpath that 

exceeds 90º in a lateral direction, in either the primary coil, the secondary coil, or both the 

primary and the secondary coils.   

[0105]      It is noted that, in an integrated transformer structure according to the first 

embodiment of the invention, electrical characteristics of respective primary and secondary coils 

may differ slightly due to asymmetry in the distance of respective lengths of each coil from a 

substrate 2 provided below the structure (FIG. 7).  For example, the primary coil 11 (FIGs. 4 and 

5) has its largest diameter, outermost portion of the coil (i.e. half-turns 21a and 51b) located a 

greater distance from the substrate 2 than the outermost portions 22a, 52b of the secondary coil 

12.   

[0106]      According to the first embodiment of the invention, the substrate 2 is a silicon 

substrate.  It will be appreciated that the substrate 2 may be made from any suitable substrate 

material such as SiGe, GaAs, Al2O3 or any other suitable substrate material.   

[0107]      In variations of the first embodiment of the invention, concentric tracks of the coils 

may be of a greater diameter or a smaller diameter.  For example, in some embodiments of the 

invention, the values of D1, D2, D3 and D4 are greater than those of the first embodiment by 

100µm.  That is, the values are, respectively, 282µm, 258µm, 234µm and 210µm.   

[0108]      FIG. 8 shows a structure 210 according to a second embodiment of the invention.  

FIG. 9 is an exploded view of the structure of FIG. 8 and shows two coils (a primary coil 211 

and a secondary coil 212) that comprise the structure of FIG. 8.  The primary coil has a pair of 

terminals 211a, 211b.  The secondary coil has a corresponding pair of terminals 212a, 212b.  The 

terminals of the coils allow electrical connection of the structure to a circuit.  The primary and 

secondary coils each have four turns through substantially 360º. 

[0109]      As discussed in the context of the first embodiment, it will be appreciated by persons 

skilled in the art that embodiments of the invention are not limited to a primary coil and a 

are provided are illustrated in FIG. 7. [0093]FIG. 7(a) shows a perspective
view of region 'A' of FIG. 6, and a cross-sectional view along line Xl-X1 of
FIG. 6. FIG. 7(b) shows a perspective view of region 'B' of FIG. 6, and a
cross-sectional view along line X2-X2 of FIG. 6. In the figures, letters 'P' and
'S' identify the 'primary' and 'secondary' coils, respectively. [0094]With
reference to FIGs. 7(a) and (b), it may be seen that according to the first
embodiment, the crossover elements are substantially planar, provided on
lateral levels located along the transverse axis 20 between the first and
second lateral levels. [0095]The primary and secondary coils 11, 12 are
provided in an oxide layer 3 formed over a substrate 2. A passivation layer 4
is provided above the coils 11, 12. It will be appreciated that one or more via
elements are associated with each crossover element in order to form a
continuous flowpath through each coil. [0096]By way of illustration, in the
case of the first turn of the primary coil 21, crossover element 21c (FIG. 7(b))
is connected to the first half-turn 21a by a via element 71. Via element 71
runs vertically downwards to the crossover element 21c from a lower surface
of first half-turn 21a at an end of half-turn 21a opposite the end at which
terminal 1 la is located. In other words, via element 71 provides a vertical
connection between the crossover element 21c and the first half-turn 21a of
the first turn 21 of the primary coil 11. [0097]The secondary coil 12 is
configured in a complementary manner to the primary coil 11 as shown
schematically in FIGs. 4, 5 and 7.  [0098]The secondary coil 12 has eight
half-turns, respectively labelled 22a, 22b, 32a, 32b, 
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secondary coil each having four turns.  One or each of the coils of the second embodiment can 

have a greater or smaller number of turns.  Furthermore, the coils do not necessarily have to have 

the same number of turns. 

[0110]      Furthermore, the shape of each coil need not be the same, although advantageously 

the coils are of similar shape or identical shape in order to provide improved coupling between 

the coils.   

[0111]      A first turn 221 of the primary coil 211 has four quadrants 221a, 221b, 221d and 

221f.  Quadrants 221a and 221d are provided on a second lateral level 202, whilst quadrants 

221b and 221f are provided on a first lateral level 201 located below the second lateral level 202 

(as viewed with respect to the orientation of FIG. 9).  As in the case of the first embodiment, the 

first and second lateral levels 201, 202 are mutually parallel and spaced apart along a common 

transverse axis 200 which is substantially orthogonal to the first and second lateral levels.   

[0112]      Quadrants 221a and 221b have an average diameter D1 (corresponding to a first 

(outer) track 311 of the structure) and are connected to one another by a via member 221c.  

Quadrants 221d and 221f have an average diameter D2 which is less than that of D1, 

corresponding to a second track 312.   

[0113]      According to the second embodiment of the invention, the value of D1 is 182µm and 

the value of D2 is 158µm.  The value of D2 is determined on the basis that the width of the track 

is 10µm, whilst the spacing between mutually adjacent concentric turns of the structure is 2µm.   

[0114]      Quadrants 221b and 221d are connected by a crossover element 221e, whilst 

quadrants 221d and 221f are connected by a via member 221g similar to via member 221c.   

[0115]      The term ‘via member’ (e.g. members 221c and 221g) will be used to refer to a 

member providing a flowpath between respective pairs of quadrants having similar average 

diameters, but being located on different respective levels of the structure.   

42a, 42b, 52a and 52b. Crossover elements 22c, 22c', 32c, 42c, 42c' and 52c
connect respective adjacent ends of the half-turns, in a similar manner to the
primary coil 11. [0099]It has been recognised that a problem with the
structure of Lee described above is that portions of one coil overlie one
another in the vicinity of via elements between levels of the structure. This
reduces efficiency of the structure by reducing the length of each coil over
which coupling with the other coil is possible. [0100]A structure according to
the first embodiment of the invention has the advantage that portions of a
given coil of the structure do not overlie one another. This is at least in part
due to the crossover elements employed by structures according to
embodiments of the present invention. Crossover elements according to
embodiments of the present invention do not have 90 bends in a lateral plane
in the vicinity of the crossover elements. [0101]It will be appreciated by those
skilled in the art that in alternative embodiments of the invention, one or more
portions of a given coil may in fact overlie one another. [0102]It has been
recognised that a further disadvantage of the structure of Lee is the presence
of two closely spaced 90 bends on each level in the region of via elements
between levels of the structure. The presence of these bends results in an
increase in the series resistance of the coils, leading to current-crowding in
the vicinity of the 90 bends. This results in a significant degradation in
transformer performance. [0103]Structures according to embodiments of the
present invention have the advantage of reduced current crowding in the
vicinity of the crossover elements. This is at least in part due to the absence
of 90 bends in a lateral plane in the vicinity of the crossover elements.
[0104]It will be appreciated by those skilled in the art that in alternative
embodiments of the invention, not all of the members connecting portions of
coils on different lateral levels have the characteristic that any change of
flowpath they provide does not exceed 90 in a lateral direction. 



 

20 

[0116]      The term ‘via element’ will be used to refer to an element associated with a crossover 

element that provides a flowpath between a crossover element and a quadrant of the structure.  

Since crossover elements are generally provided at lateral levels intermediate between the first 

and second lateral levels 201, 202, individual via elements do not necessarily span the entire 

distance between first and second levels.  One or more via elements may be associated with each 

crossover element.   

[0117]      A second turn of the primary coil 211 also comprises four quadrants, 231a, 231b, 

231d and 231f.  Quadrants 231a and 231d are provided on a second lateral level 202, whilst 

quadrants 231b and 231f are provided on a first lateral level 201 located below the second lateral 

level 202.  The first and second quadrants 231a, 231b of the second turn have an average 

diameter D3 which is less than D2, corresponding to a third concentric track 313.  The value of 

D3 according to the second embodiment of the invention is 134µm. 

[0118]      The first quadrant 231a of the second turn is connected to the fourth quadrant 221f of 

the first turn by a crossover element 221h.  The second quadrant 231b of the second turn is 

connected to the first quadrant 231a of the second turn by a via member 231c.  In turn, a third 

quadrant 231d of the second turn is provided on the second lateral level 202 and is connected to 

the second quadrant 231b by a crossover element 231e.  Finally, a fourth quadrant 231f of the 

second turn is connected to the third quadrant 231d by a via member 231g.   

[0119]      The third and fourth quadrants 231d, 231f of the second turn have an average 

diameter D4 which is less than D3 and corresponds to a fourth concentric track 314 of the 

structure.  The value of D4 according to the second embodiment is 110µm.   

[0120]      A third turn of the primary coil 211 comprises four quadrants 241a, 241b, 241d and 

241f.  Quadrants 241a and 241d are provided on the first lateral level, whilst quadrants 241b and 

241f are provided on the second lateral level.  Quadrants 241a and 241b are of an average 

diameter D4 corresponding to track 314, whilst quadrants 241d and 241f are of an average 

One or more crossover members may be provided that do provide a change
of flowpath that exceeds 90 in a lateral direction, in either the primary coil, the
secondary coil, or both the primary and the secondary coils. [0105]It is noted
that, in an integrated transformer structure according to the first embodiment
of the invention, electrical characteristics of respective primary and
secondary coils may differ slightly due to asymmetry in the distance of
respective lengths of each coil from a substrate 2 provided below the
structure (FIG. 7). For example, the primary coil 11 (FIGs. 4 and 5) has its
largest diameter, outermost portion of the coil (i.e. half-turns 21a and 51b)
located a greater distance from the substrate 2 than the outermost portions
22a, 52b of the secondary coil 12. [0106]According to the first embodiment of
the invention, the substrate 2 is a silicon substrate. It will be appreciated that
the substrate 2 may be made from any suitable substrate material such as
SiGe, GaAs, Al203 or any other suitable substrate material. [0107]In
variations of the first embodiment of the invention, concentric tracks of the
coils may be of a greater diameter or a smaller diameter. For example, in
some embodiments of the invention, the values of D1, D2, D3 and D4 are
greater than those of the First embodiment by 100um. That is, the values are,
respectively, 282um, 258um, 234um and 210um. [0108]FIG. 8 shows a
structure 210 according to a second embodiment of the invention. FIG. 9 is
an exploded view of the structure of FIG. 8 and shows two coils (a primary
coil 211 and a secondary coil 212) that comprise the structure of FIG. 8. The
primary coil has a pair of terminals 211a, 211b. The secondary coil has a
corresponding pair of terminals 212a, 212b. The terminals of the coils allow
electrical connection of the structure to a circuit. The primary and secondary
coils each have four turns through substantially 360. [0109]As discussed in
the context of the first embodiment, it will be appreciated by persons skilled in
the art that embodiments of the invention are not limited to a primary coil and
a  secondary coil each having four turns. One or each of the coils of the
second embodiment can have a greater or smaller number of turns.
Furthermore, the coils do not necessarily have to have the same number of
turns. 
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diameter D3 corresponding to track 313.  Quadrant 241b is connected to quadrant 241a by a via 

member 241c.  Quadrants 241b and 241d are connected by a crossover element 241e, whilst 

quadrants 241d and 241f are connected by a via member 241g.   

[0121]      A first quadrant 241a of the third turn is directly connected to the fourth quadrant 

231f of the second turn by an underpass element 231h.  As in the case of underpass element 41c 

of the first embodiment, underpass element 231h of the second embodiment is not required to 

cross between inner concentric track 314 and concentric track 313 adjacent to inner concentric 

track 314.  Furthermore, quadrants 241a and 231f are both provided on the first lateral level.   

[0122]      It will be appreciated that in some embodiments, quadrants 231f and 241a may be 

formed from a single member without the need for an underpass element 231h. 

[0123]      End portions of quadrants on respective tracks that are required to be connected to 

one another are connected by crossover elements (including via elements), whilst end portions of 

quadrants on the same track but different lateral levels are connected to one another by via 

members.   

[0124]      Similarly, the fourth turn of the primary coil 211 comprises four quadrants 251a, 

251b, 251d and 251f.  Quadrants 251a and 251d are provided on the first lateral level 201, whilst 

quadrants 251b and 251f are provided on the second lateral level 202.  As in the case of the third 

turn, mutually adjacent quadrants of the fourth turn are provided on respective first or second 

lateral levels.  Quadrants 251a and 251b have an average radius D2, whilst quadrants 251d and 

251f have an average radius D1.  Quadrants 251b and 251d are connected by a crossover element 

251e, whilst quadrants 251d and 251f are connected by a via member 251g.   

[0125]      A flowpath between the first and second turns is provided by crossover element 221h; 

similarly, a flowpath between the third and fourth turns is provided by crossover element 241h.   

[0126]      The secondary coil is constructed in a complementary manner to the primary coil.  

Thus, the secondary coil has terminals 212a and 212b at opposed ends.  Because of the increased 

[0110]Furthermore, the shape of each coil need not be the same, although
advantageously the coils are of similar shape or identical shape in order to
provide improved coupling between the coils. [0111]A first turn 221 of the
primary coil 211 has four quadrants 221a, 221b, 221d and 221f. Quadrants
221a and 221d are provided on a second lateral level 202, whilst quadrants
221b and 221f are provided on a first lateral level 201 located below the
second lateral level 202 (as viewed with respect to the orientation of FIG. 9).
As in the case of the first embodiment, the first and second lateral levels 201,
202 are mutually parallel and spaced apart along a common transverse axis
200 which is substantially orthogonal to the first and second lateral levels.
[0112]Quadrants 221a and 221b have an average diameter D1
(corresponding to a first (outer) track 311 of the structure) and are connected
to one another by a via member 221c. Quadrants 221d and 221f have an
average diameter D2 which is less than that of D1, corresponding to a
second track 312. [0113]According to the second embodiment of the
invention, the value of D1 is 182jim and the value of D2 is 158jun. The value
of D2 is determined on the basis that the width of the track is lOwn, whilst the
spacing between mutually adjacent concentric turns of the structure is 2jim.
[0114]Quadrants 221b and 221d are connected by a crossover element
221e, whilst quadrants 221d and 221f are connected by a via member 221g
similar to via member 221c. [0115]The term 'via member' (e.g. members
221c and 221g) will be used to refer to a member providing a flowpath
between respective pairs of quadrants having similar average diameters, but
being located on different respective levels of the structure.  
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symmetry of the transformer structure 210, terminals 212a and 212b are provided on the second 

lateral level 202.  Thus, the terminals of the secondary coil are provided on the same lateral level 

as the terminals 211a, 211b of the primary coil.   

[0127]      The secondary coil has sixteen quarter-turn coil quadrants, labelled respectively (in 

order beginning at terminal 212a) 222a, 222b, 222d, 222f, 232a, 232b, 232d, 232f, 242a, 242b, 

242d, 242f, 252a, 252b, 252d and 252f.  Crossover elements 222e, 222h, 232e, 242e, 242h, and 

252e connect, respectively, quadrants 222b and 222d, 222f and 232a, 232b and 232d, 242b and 

242d, 242f and 252a, and 252b and 252d.  The crossover elements provide flowpaths between 

pairs of quadrants which are on respective levels, and respective concentric tracks of the 

transformer structure.   Additionally, the secondary coil has 8 via members, labelled respectively, 

222c 232c, 242c, 252c, 222g, 232g, 242g and 252g.  

[0128]      Underpass element 232h connects quadrants 232f, 242a of inner track 314. 

[0129]      FIG. 11(a) shows a perspective view of region A’ of FIG. 10, and a cross-sectional 

view along line X1’-X1’ of FIG. 10.  FIG. 11(b) shows a perspective view of region B’ of FIG. 

10, and a cross-sectional view along line X2’-X2’ of FIG. 10.   

[0130]      The primary and secondary coils 211, 212 are provided in an oxide layer 3’ formed 

above a substrate 2’.  A passivation layer 4’ is provided above the coils 211, 212. 

[0131]      In the figures, the letters ‘P’ and ‘S’ represent the ‘primary’ and ‘secondary’ coils, 

respectively.   

[0132]      With reference to FIGs. 11(a) and (b), it may be seen that according to the second 

embodiment, the crossover elements are also substantially planar, as in the case of the first 

embodiment, provided on lateral levels located along the transverse axis 200 between the first 

and second lateral levels.   

[0116]The term 'via element' will be used to refer to an element associated
with a crossover element that provides a flowpath between a crossover
element and a quadrant of the structure. Since crossover elements are
generally provided at lateral levels intermediate between the first and second
lateral levels 201, 202, individual via elements do not necessarily span the
entire distance between first and second levels. One or more via elements
may be associated with each crossover element. [0117]A second turn of the
primary coil 211 also comprises four quadrants, 231a, 23 lb, 231d and 231f.
Quadrants 231a and 231d are provided on a second lateral level 202, whilst
quadrants 231b and 231f are provided on a first lateral level 201 located
below the second lateral level 202. The first and second quadrants 231a,
231b of the second turn have an average diameter D3 which is less than D2,
corresponding to a third concentric track 313. The value of D3 according to
the second embodiment of the invention is 134um. [0118]The first quadrant
231a of the second turn is connected to the fourth quadrant 221f of the first
turn by a crossover element 221h. The second quadrant 23 lb of the second
turn is connected to the first quadrant 231a of the second turn by a via
member 231c. In turn, a third quadrant 231d of the second turn is provided
on the second lateral level 202 and is connected to the second quadrant 23
lb by a crossover element 231e. Finally, a fourth quadrant 231f of the second
turn is connected to the third quadrant 231d by a via member 231g.
[0119]The third and fourth quadrants 231d, 231f of the second turn have an
average diameter D4 which is less than D3 and corresponds to a fourth
concentric track 314 of the structure. The value of D4 according to the
second embodiment is 110um. [0120]A third turn of the primary coil 211
comprises four quadrants 241a, 241b, 241d and 241f. Quadrants 241a and
241d are provided on the first lateral level, whilst quadrants 241b and 241f
are provided on the second lateral level. Quadrants 241a and 241b are of an
average diameter D4 corresponding to track 314, whilst quadrants 241d and
241f are of an average  diameter D3 corresponding to track 313. Quadrant
241b is connected to quadrant 241a by a via member 241c. Quadrants 241b
and 241d are connected by a crossover element 241e, whilst quadrants 241d
and 241f are connected by a via member 241g. [0121]A first quadrant 241a
of the third turn is directly connected to the fourth quadrant 
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[0133]      As in the case of the first coil element, it will be appreciated that one or more via 

elements are also associated with each crossover element of the second embodiment in order to 

form a continuous flowpath through each coil.   

[0134]      By way of illustration, in the case of the crossover element 242h (FIG. 11(b)) which 

provides a flowpath between the twelfth and thirteenth quadrants 242f, 252a of the secondary 

coil 212, a via element 72 connects crossover element 242h to quadrant 242f.  Crossover element 

242h is located at a lateral level between the levels 201 and 202 at which quadrants of the coil 

are provided.   

[0135]      Via element 72 runs vertically downwards from a lower surface of quadrant 242f, to 

crossover element 242h.  In other words, via element 72 provides a vertical connection between 

the crossover element 242h and quadrant 242f.   

[0136]      FIG. 12(a) shows a perspective view of region C’ of FIG. 10, and a cross-sectional 

view along line Y1’-Y1’ of FIG. 10.  FIG. 12(b) shows a perspective view of region D’ of FIG. 

10, and a cross-sectional view along line Y2’-Y2’ of FIG. 10.  In these regions, via members are 

provided, as discussed above.   

[0137]      The second embodiment of the invention has the advantage over the first embodiment 

that the electrical characteristics of the primary and secondary coils are more closely matched.  

This is at least in part due to the increased symmetry of the primary and secondary coils.  The 

increased symmetry has the consequence that each of the primary and secondary coils has an 

equal number of quadrants of each average diameter (D1, D2, D3 and D4, respectively) located 

on each of the first and second lateral levels.   

[0138]      In contrast, a transformer structure according to the first embodiment of the invention 

(FIG. 5), has no such symmetry. Thus, for example, the primary coil has half-turns 21a and 51b 

of average diameter D1 located on the second lateral level, whilst the secondary coil has half-

turns 22a and 52b of average diameter D1 located on the first lateral level.  Taking account of the 

231f of the second turn by an underpass element 231h. As in the case of
underpass element 41c of the first embodiment, underpass element 231h of
the second embodiment is not required to cross between inner concentric
track 314 and concentric track 313 adjacent to inner concentric track 314.
Furthermore, quadrants 241a and 231f are both provided on the first lateral
level. [0122]It will be appreciated that in some embodiments, quadrants 231f
and 241a may be formed from a single member without the need for an
underpass element 231h. [0123]End portions of quadrants on respective
tracks that are required to be connected to one another are connected by
crossover elements (including via elements), whilst end portions of quadrants
on the same track but different lateral levels are connected to one another by
via members. [0124]Similarly, the fourth turn of the primary coil 211
comprises four quadrants 251a, 251b, 251d and 251f. Quadrants 251a and
251d are provided on the first lateral level 201, whilst quadrants 251b and
251f are provided on the second lateral level 202. As in the case of the third
turn, mutually adjacent quadrants of the fourth turn are provided on
respective first or second lateral levels. Quadrants 251a and 251b have an
average radius D2, whilst quadrants 251d and 251f have an average radius
Dl. Quadrants 251b and 251d are connected by a crossover element 251e,
whilst quadrants 251d and 251f are connected by a via member 251g.
[0125]A flowpath between the first and second turns is provided by crossover
element 221h; similarly, a flowpath between the third and fourth turns is
provided by crossover element 241h. [0126]The secondary coil is constructed
in a complementary manner to the primary coil. Thus, the secondary coil has
terminals 212a and 212b at opposed ends. Because of the increased
symmetry of the transformer structure 210, terminals 212a and 212b are
provided on the second lateral level 202. Thus, the terminals of the
secondary coil are provided on the same lateral level as the terminals 211a,
211b of the primary coil. 
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entire lengths of the primary and secondary coils, the consequence is that, per unit length of coil, 

the primary coil of the first embodiment is on average located further from a ground plane of the 

substrate than the secondary coil.  This has significant implications for the relative performance 

of transformers constructed according to the first and second embodiments of the invention, 

respectively.   

[0139]      In variations of the second embodiment of the invention, concentric tracks of the two 

coils are of a greater diameter or a smaller diameter.  For example, in some embodiments of the 

invention, the values of D1, D2, D3 and D4 are, respectively, 252µm, 238µm, 224µm and 

210µm.  It will be appreciated by persons skilled in the art that embodiments of the invention are 

not limited to these specific values.  Any suitable values of D1, D2, D3 and D4 may be used.   

[0140]      FIG. 13 shows the amount of power transfer (Gmax) between primary and secondary 

coils as a function of frequency for (a) a conventional stacked transformer; (b) a transformer 

according to the first embodiment of the invention, and (c) a transformer according to the second 

embodiment of the invention.  It can be seen from this graph that a transformer according to the 

first embodiment shows an improvement in coupling between coils over the conventional 

stacked transformer.  The amount of improvement can be seen to increase as the frequency of the 

alternating current signal increases. 

[0141]      In the case of the second embodiment, an even more substantial improvement in 

coupling is provided over the conventional stacked transformer.  Furthermore, the variation in 

coupling as a function of frequency is substantially less than that measured in the case of the 

conventional stacked transformer or a transformer according to the first embodiment of the 

invention.   

[0142]      Some embodiments of the invention have the advantage of providing noise self-

cancellation when the structure is connected to an external circuit in a differential layout 

connection.  This connection substantially eliminates common-mode noise. In a differential 

[0127]The secondary coil has sixteen quarter-turn coil quadrants, labelled
respectively (in order beginning at terminal 212a) 222a, 222b, 222d, 222f,
232a, 232b, 232d, 232f, 242a, 242b, 242d, 242f, 252a, 252b, 252d and 252f.
Crossover elements 222e, 222h, 232e, 242e, 242h, and 252e connect,
respectively, quadrants 222b and 222d, 222f and 232a, 232b and 232d, 242b
and 242d, 242f and 252a, and 252b and 252d. The crossover elements
provide flowpaths between pairs of quadrants which are on respective levels,
and respective concentric tracks of the transformer structure. Additionally, the
secondary coil has 8 via members, labelled respectively, 222c 232c, 242c,
252c, 222g, 232g, 242g and 252g. [0128]Underpass element 232h connects
quadrants 232f, 242a of inner track 314. [0129]FIG. 11(a) shows a
perspective view of region A' of FIG. 10, and a cross-sectional view along line
X l'-X1' of FIG. 10. FIG. 11(b) shows a perspective view of region B' of FIG.
10, and a cross-sectional view along line X2'-X2' of FIG. 10. [0130]The
primary and secondary coils 211, 212 are provided in an oxide layer 3'
formed above a substrate 2'. A passivation layer 4' is provided above the
coils 211, 212. [0131]In the figures, the letters 'P' and `S' represent the
'primary' and 'secondary' coils, respectively. [0132]With reference to FIGs.
11(a) and (b), it may be seen that according to the second embodiment, the
crossover elements are also substantially planar, as in the case of the first
embodiment, provided on lateral levels located along the transverse axis 200
between the first and second lateral levels.  
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layout connection, the input of the structure is connected in differential mode.  Thus, instead of 

applying a normal input potential Vin to one terminal of the structure, and zero potential to the 

other terminal of the structure, a voltage Vin/2 is applied to one terminal, and a potential -Vin/2 

is applied to the other terminal.  In some RFIC applications, the primary and secondary coils 

must be of substantially identical inductance in order for the circuit to operate correctly 

according to the differential mode input described.  The first and second embodiments of the 

invention described herein provide substantially identical inductance values and are therefore 

ideally suited to connection in a differential layout configuration.   

[0143]      For example, embodiments of the invention provide an integrated transformer 

structure which introduces noise self-cancellation by interdigitizing the primary and secondary 

coils whilst at the same time equalizing the physical length of the primary and secondary coils.   

[0144]      The use of several metal layers as crossover elements to interdigitize the coils results 

in the impedances of the two coils being substantially identical.   This feature is particularly 

important in a high performance transformer design to provide efficient power transfer from the 

primary coil to the secondary coil.   

[0145]      Some embodiments of the invention provide improved performance over prior art 

transformers, whilst requiring less space. 

[0146]      A structure according to the second embodiment of the invention has the advantage 

that portions of a given coil of the structure do not overlie one another.  In other words, no 

portions of the same coil are in mutually confronting relationship with one another along a 

direction parallel to the transverse axis.  This is at least in part due to the nature of the crossover 

elements employed by structures according to embodiments of the present invention.  Crossover 

elements according to embodiments of the present invention do not have 90º bends in a lateral 

plane in the vicinity of the crossover elements. 

[0133]As in the case of the first coil element, it will be appreciated that one or
more via elements are also associated with each crossover element of the
second embodiment in order to form a continuous flowpath through each coil.
[0134]By way of illustration, in the case of the crossover element 242h (FIG.
11(b)) which provides a flowpath between the twelfth and thirteenth
quadrants 242f, 252a of the secondary coil 212, a via element 72 connects
crossover element 242h to quadrant 242f. Crossover element 242h is located
at a lateral level between the levels 201 and 202 at which quadrants of the
coil are provided. [0135]Via element 72 runs vertically downwards from a
lower surface of quadrant 242f, to crossover element 242h. In other words,
via element 72 provides a vertical connection between the crossover element
242h and quadrant 242f. [0136]FIG. 12(a) shows a perspective view of region
C' of FIG. 10, and a cross-sectional view along line Y1'-Y1' of FIG. 10. FIG.
12(b) shows a perspective view of region D' of FIG. 10, and a cross-sectional
view along line Y2'-Y2' of FIG. 10. In these regions, via members are
provided, as discussed above. [0137]The second embodiment of the
invention has the advantage over the first embodiment that the electrical
characteristics of the primary and secondary coils are more closely matched.
This is at least in part due to the increased symmetry of the primary and
secondary coils. The increased symmetry has the consequence that each of
the primary and secondary coils has an equal number of quadrants of each
average diameter (D1, D2, D3 and D4, respectively) located on each of the
first and second lateral levels. [0138]In contrast, a transformer structure
according to the first embodiment of the invention (FIG. 5), has no such
symmetry. Thus, for example, the primary coil has half-turns 21a and 51b of
average diameter D1 located on the second lateral level, whilst the
secondary coil has half-turns 22a and 52b of average diameter D1 located on
the first lateral level. Taking account of the  
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[0147]      Some embodiments of the invention have the advantage of reduced current crowding.  

This is due to the elimination of 90˚ bends in a lateral plane in the vicinity of crossover elements.  

In some embodiments of the invention this feature also enables avoidance of the situation where 

portions of the same coil element directly overlie one another in a transverse direction.  That is to 

say, the situation is avoided where portions of the same coil are in directly confronting 

relationship in a transverse direction.  Such a situation results in a reduced coupling between 

respective primary and secondary coils, and therefore a reduction in power transfer Gmax 

between respective coils.   

[0148]      FIG. 14 shows the primary coil member of an integrated transformer structure 

according to a third embodiment of the invention.  FIG. 15 shows the secondary coil member of 

an integrated transformer structure according to the third embodiment.   

[0149]      The third embodiment is constructed in a similar manner to the second embodiment.  

However, the principal difference between the first and second embodiments lies in the relative 

positions of contact points between quarter turns (quadrants) of the coil elements, and the 

crossover elements connected to those quarter turns (quadrants).   

[0150]      Thus, in the case of the second embodiment (FIG. 9), quarter turn 222d of the 

secondary coil 212 is connected to crossover element 222e by via element 276.  Via element 276 

directly overlies the corresponding contact via element 275 of the primary coil, which connects 

crossover element 241h to quarter-turn 251a of the secondary coil.   

[0151]      According to the third embodiment, corresponding via elements of the primary and 

secondary coils, such as via elements 275, 276, that directly overlie one another in structures 

according to the second embodiment, are offset from one another along a direction normal to the 

transverse axis.  This feature has the advantage that the number of interconnect conductor layers 

needed to form a connection between portions of a given coil on respective different lateral 

entire lengths of the primary and secondary coils, the consequence is that,
per unit length of coil, the primary coil of the first embodiment is on average
located further from a ground plane of the substrate than the secondary coil.
This has significant implications for the relative performance of transformers
constructed according to the first and second embodiments of the invention,
respectively. [0139]In variations of the second embodiment of the invention,
concentric tracks of the two coils are of a greater diameter or a smaller
diameter. For example, in some embodiments of the invention, the values of
D1, D2, D3 and D4 are, respectively, 252um, 238um, 224um and 210um. It
will be appreciated by persons skilled in the art that embodiments of the
invention are not limited to these specific values. Any suitable values of D1,
D2, D3 and D4 may be used. [0140]FIG. 13 shows the amount of power
transfer (Gmax) between primary and secondary coils as a function of
frequency for (a) a conventional stacked transformer; (b) a transformer
according to the first embodiment of the invention, and (c) a transformer
according to the second embodiment of the invention. It can be seen from
this graph that a transformer according to the first embodiment shows an
improvement in coupling between coils over the conventional stacked
transformer. The amount of improvement can be seen to increase as the
frequency of the alternating current signal increases. [0141]In the case of the
second embodiment, an even more substantial improvement in coupling is
provided over the conventional stacked transformer. Furthermore, the
variation in coupling as a function of frequency is substantially less than that
measured in the case of the conventional stacked transformer or a
transformer according to the first embodiment of the invention. [0142]Some
embodiments of the invention have the advantage of providing noise self-
cancellation when the structure is connected to an external circuit in a
differential layout connection. This connection substantially eliminates
common-mode noise. In a differential 24  layout connection, the input of the
structure is connected in differential mode. Thus, instead of applying a
normal input potential Vin to one terminal of the structure, and zero potential
to the other terminal of the structure, a voltage Vin/2 is applied to one
terminal, and a potential -Vin/2 is applied to the other terminal. In some RFIC
applications, the primary and secondary coils must be of substantially
identical inductance in order for the circuit to operate correctly according to
the differential mode input described. The first and second embodiments of
the invention described herein provide substantially identical inductance
values and are therefore ideally suited to connection in a differential layout
configuration. 
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levels is reduced.  This feature in turn enables coupling between the first and second coils to be 

improved.   

[0152]      According to the third embodiment of the invention, it is the via elements that 

connect crossover elements to portions of a coil on the lower lateral level that are offset with 

respect to their positions in structures according to the second embodiment.  It will be 

appreciated that in alternative embodiments it may be the via elements that connect crossover 

elements to portions of a coil on the upper lateral level that are offset. 

[0153]      FIG. 17 is a cross-sectional schematic diagram showing the metallisation layers used 

to construct an integrated transformer structure according to the third embodiment of the 

invention. 

[0154]      In a structure according to the third embodiment, portions of a coil on the second 

lateral level are formed by metallisation layer TM, whilst portions of a coil on the first lateral 

level are formed by metallisation layer TM-1.  In structures according to the first and second 

embodiments, portions of a coil on the second lateral level are formed by metallisation layer TM, 

whilst portions of a coil on the first lateral level are formed by metallisation layer TM-4.  Thus, 

structures according to the third embodiment have the advantage that the distance between the 

first and second lateral levels is lower, thereby increasing the amount of electromagnetic 

coupling between the primary and secondary coils.   

[0155]      The feature of a lateral offset between contact points according to the third 

embodiment is illustrated in FIGs. 14 to 17.  FIG. 14 shows the primary coil 401 of a structure 

according to the third embodiment.  Features in common between the second and third 

embodiments are referenced in FIGs. 14, 15 and 16 using the same reference numerals as in 

FIGs. 8 to 12, prefixed with the numeral 3.   

[0156]      It can be seen that the via element 3275a providing electrical contact between half 

turn 3251a and crossover element 3241h’ of the primary coil is located at a position that is 

[0143]For example, embodiments of the invention provide an integrated
transformer structure which introduces noise self-cancellation by
interdigitizing the primary and secondary coils whilst at the same time
equalizing the physical length of the primary and secondary coils. [0144]The
use of several metal layers as crossover elements to interdigitize the coils
results in the impedances of the two coils being substantially identical. This
feature is particularly important in a high performance transformer design to
provide efficient power transfer from the primary coil to the secondary coil.
[0145]Some embodiments of the invention provide improved performance
over prior art transformers, whilst requiring less space. [0146]A structure
according to the second embodiment of the invention has the advantage that
portions of a given coil of the structure do not overlie one another. In other
words, no portions of the same coil are in mutually confronting relationship
with one another along a direction parallel to the transverse axis. This is at
least in part due to the nature of the crossover elements employed by
structures according to embodiments of the present invention. Crossover
elements according to embodiments of the present invention do not have 90
bends in a lateral plane in the vicinity of the crossover elements.  [0147]Some
embodiments of the invention have the advantage of reduced current
crowding. This is due to the elimination of 90 bends in a lateral plane in the
vicinity of crossover elements. In some embodiments of the invention this
feature also enables avoidance of the situation where portions of the same
coil element directly overlie one another in a transverse direction. That is to
say, the situation is avoided where portions of the same coil are in directly
confronting relationship in a transverse direction. Such a situation results in a
reduced coupling between respective primary and secondary coils, and
therefore a reduction in power transfer Gmax between respective coils.
[0148]FIG. 14 shows the primary coil member of an integrated transformer
structure according to a third embodiment of the invention. FIG. 15 shows the
secondary coil member of an integrated transformer structure according to
the third embodiment. 
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displaced in a lateral direction along the direction of arrow ‘A’ compared with the location of via 

275 (FIG. 9) in structures according to the second embodiment of the invention.  Via 3275a is 

displaced by a distance (W+S), where ‘W’ corresponds to a width of the conducting track of 

which the crossover element 3241h’ is made, and ‘S’ corresponds to an offset value.  According 

to the third embodiment, the offset value ‘S’ is approximately the same as that of the width ‘W’.  

In alternative embodiments of the invention the offset value may be greater than or less than the 

width ‘W’.  In some embodiments the offset value ‘S’ is zero.   

[0157]      Considering now a secondary coil according to the third embodiment (FIG. 15), the 

via element 3276a between quarter turn 3222d of the secondary coil and crossover element 

3222e of the secondary coil is in substantially the same position as the corresponding via element 

276 of the secondary coil of the second embodiment of the invention.   

[0158]      In structures according to the third embodiment, the corresponding contact points 

3275a and 3276a of the primary and secondary coils, respectively, are offset from one another 

along a lateral direction.  This enables the conducting tracks on the first lateral level to be 

provided on metallisation level TM-1 instead of metallisation level TM-4.  Thus, the number of 

separate interconnect conductor layers needed to form a connection between portions of a given 

coil on respective different lateral levels is reduced.  This feature in turn enables coupling 

between the first and second coils to be improved, since the distance between the first and 

second lateral levels may be reduced.   

[0159]      The metallisation level of the structure, TM-1, TM-2, TM-3, TM-4, TM-5 

respectively, at which each of the crossover elements are provided is indicated in FIGs. 14 and 

15. 

[0160]      In variations of the third embodiment of the invention, portions of respective coils on 

the first lateral level are formed from both metallisation layer TM-1 and metallisation layer TM-

2, as illustrated schematically in FIG. 18.  Thus, the portions of the respective coils on the first 

[0149]The third embodiment is constructed in a similar manner to the second
embodiment. However, the principal difference between the first and second
embodiments lies in the relative positions of contact points between quarter
turns (quadrants) of the coil elements, and the crossover elements connected
to those quarter turns (quadrants). [0150]Thus, in the case of the second
embodiment (FIG. 9), quarter turn 222d of the secondary coil 212 is
connected to crossover element 222e by via element 276. Via element 276
directly overlies the corresponding contact via element 275 of the primary
coil, which connects crossover element 241h to quarter-turn 251a of the
secondary coil. [0151]According to the third embodiment, corresponding via
elements of the primary and secondary coils, such as via elements 275, 276,
that directly overlie one another in structures according to the second
embodiment, are offset from one another along a direction normal to the
transverse axis. This feature has the advantage that the number of
interconnect conductor layers needed to form a connection between portions
of a given coil on respective different lateral  levels is reduced. This feature in
turn enables coupling between the first and second coils to be improved.
[0152]According to the third embodiment of the invention, it is the via
elements that connect crossover elements to portions of a coil on the lower
lateral level that are offset with respect to their positions in structures
according to the second embodiment. It will be appreciated that in alternative
embodiments it may be the via elements that connect crossover elements to
portions of a coil on the upper lateral level that are offset. [0153]FIG. 17 is a
cross-sectional schematic diagram showing the metallisation layers used to
construct an integrated transformer structure according to the third
embodiment of the invention. [0154]In a structure according to the third
embodiment, portions of a coil on the second 
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lateral level may be made thicker in a direction parallel to the transverse axis.  The feature of 

increased thickness of the portions of the coils results in a structure having an improved Q factor. 

[0161]      It will be appreciated by persons skilled in the art that advantages of embodiments of 

the present invention may be obtained from structures according to the invention that have 

dimensions different to those of the embodiments described herein.  Dimensions provided are for 

the purposes of illustration and are not intended to be limiting.  A skilled person will appreciate 

that the number of turns of each coil, the width, thickness and length of the conducting elements 

forming the turns, and the spacing between the conducting elements of adjacent turns, are 

variables that can be changed to obtain the desired inductance, Q factor and resonant frequency.  

Other parameters, including the materials from which the conducting elements and the insulating 

media between conducting elements are fabricated may all be varied as required.   

[0162]      Throughout the description and claims of this specification, the words “comprise” and 

“contain” and variations of the words, for example “comprising” and “comprises”, means 

“including but not limited to”, and is not intended to (and does not) exclude other moieties, 

additives, components, integers or steps. 

[0163]      Throughout the description and claims of this specification, the singular encompasses 

the plural unless the context otherwise requires.  In particular, where the indefinite article is 

used, the specification is to be understood as contemplating plurality as well as singularity, 

unless the context requires otherwise. 

[0164]      Features, integers, characteristics, compounds, chemical moieties or groups described 

in conjunction with a particular aspect, embodiment or example of the invention are to be 

understood to be applicable to any other aspect, embodiment or example described herein unless 

incompatible therewith. 

lateral level are formed by metallisation layer TM, whilst portions of a coil on
the first lateral level are formed by metallisation layer TM-1. In structures
according to the first and second embodiments, portions of a coil on the
second lateral level are formed by metallisation layer TM, whilst portions of a
coil on the first lateral level are formed by metallisation layer TM-4. Thus,
structures according to the third embodiment have the advantage that the
distance between the first and second lateral levels is lower, thereby
increasing the amount of electromagnetic coupling between the primary and
secondary coils. [0155]The feature of a lateral offset between contact points
according to the third embodiment is illustrated in FIGs. 14 to 17. FIG. 14
shows the primary coil 401 of a structure according to the third embodiment.
Features in common between the second and third embodiments are
referenced in FIGs. 14, 15 and 16 using the same reference numerals as in
FIGs. 8 to 12, prefixed with the numeral 3. [0156]It can be seen that the via
element 3275a providing electrical contact between half turn 3251a and
crossover element 3241h' of the primary coil is located at a position that is
displaced in a lateral direction along the direction of arrow 'A' compared with
the location of via 275 (FIG. 9) in structures according to the second
embodiment of the invention. Via 3275a is displaced by a distance (W+S),
where 'W' corresponds to a width of the conducting track of which the
crossover element 3241h' is made, and 'S' corresponds to an offset value.
According to the third embodiment, the offset value 'S' is approximately the
same as that of the width 'W'. In alternative embodiments of the invention the
offset value may be greater than or less than the width 'W'. In some
embodiments the offset value 'S' is zero. [0157]Considering now a secondary
coil according to the third embodiment (FIG. 15), the via element 3276a
between quarter turn 3222d of the secondary coil and crossover element
3222e of the secondary coil is in substantially the same position as the
corresponding via element 276 of the secondary coil of the second
embodiment of the invention. [0158]In structures according to the third
embodiment, the corresponding contact points 3275a and 3276a of the
primary and secondary coils, respectively, are offset from one another along
a lateral direction. This enables the conducting tracks on the first lateral level
to be provided on metallisation level TM-1 instead of metallisation level TM-4.
Thus, the number of separate interconnect conductor layers needed to form a
connection between portions of a given coil on respective different lateral
levels is reduced. This feature in turn enables coupling between the first and
second coils to be improved, since the distance between the first and second
lateral levels may be reduced. 
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What is claimed is: 

CLAIMS 

1. An integrated transformer structure, comprising: 

a first coil element associated with a transverse axis, wherein the transverse axis is 

generally normal to at least first and second lateral levels mutually spaced apart along the 

transverse axis, the first coil element having at least one turn, the first coil element comprising 

a first portion provided on the first lateral level, and a second portion provided on the second 

lateral level, the first and second portions being displaced laterally from the axis by different 

respective distances; and 

at least one crossover element of the first coil element, the crossover element is 

disposed between the first and second lateral levels, wherein the crossover element is in a 

crossover plane which is parallel to planes of the first and second lateral levels,  

wherein the first coil element is configured to provide a conducting path through the 

first portion of the first coil element, through the crossover element and through the second 

portion of the first coil element, in which any change of flow direction along the path is less 

than 90˚ in a lateral direction.   

 

2. The structure as claimed in claim 1 further comprising a second coil element associated 

with said transverse axis, the second coil element having at least one turn comprising a first 

portion formed on the first lateral level, and a second portion formed on the second lateral 

level, the first and second portions being laterally offset from one another with respect to said 

transverse axis. 

 

3. The structure as claimed in claim 2 comprising at least one crossover element of the 

second coil element, 

[0159]The metallisation level of the structure, TM-1, IM-2, TM-3, TM-4, TM-5
respectively, at which each of the crossover elements are provided is
indicated in FIGs. 14 and 15. [0160]In variations of the third embodiment of
the invention, portions of respective coils on the first lateral level are formed
from both metallisation layer TM-1 and metallisation layer TM-2, as illustrated
schematically in FIG. 18. Thus, the portions of the respective coils on the first
28  lateral level may be made thicker in a direction parallel to the transverse
axis. The feature of increased thickness of the portions of the coils results in
a structure having an improved Q factor. [0161]It will be appreciated by
persons skilled in the art that advantages of embodiments of the present
invention may be obtained from structures according to the invention that
have dimensions different to those of the embodiments described herein.
Dimensions provided are for the purposes of illustration and are not intended
to be limiting. A skilled person will appreciate that the number of turns of each
coil, the width, thickness and length of the conducting elements forming the
turns, and the spacing between the conducting elements of adjacent turns,
are variables that can be changed to obtain the desired inductance, Q factor
and resonant frequency. Other parameters, including the materials from
which the conducting elements and the insulating media between conducting
elements are fabricated may all be varied as required. [0162]Throughout the
description and claims of this specification, the words "comprise" and
"contain" and variations of the words, for example "comprising" and
"comprises", means "including but not limited to", and is not intended to (and
does not) exclude other moieties, additives, components, integers or steps.
[0163]Throughout the description and claims of this specification, the singular
encompasses the plural unless the context otherwise requires. In particular,
where the indefinite article is used, the specification is to be understood as
contemplating plurality as well as singularity, unless the context requires
otherwise. 
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the second coil element being configured to provide a conducting path through at least 

a portion of the first portion of the second coil element to the crossover portion, through the 

crossover element and subsequently through at least a portion of the second portion of the 

second coil element, in which any change of flow direction is less than 90˚ in a lateral 

direction.    

 

4. The structure as claimed in claim 3 wherein the first and second coil elements are 

arranged to provide electromagnetic coupling between the coil elements along a portion of a 

length of at least one coil element in both a lateral and a transverse direction. 

 

5. The structure as claimed in claim 1 wherein the first coil element comprises a plurality 

of turns. 

 

6. The structure as claimed in claim 2 wherein the second coil element comprises a 

plurality of turns. 

 

7. The structure as claimed in claim 6 wherein the first coil element comprises a plurality 

of turns. 

 

8. The structure as claimed in claim 7 wherein at least one turn of each of said first and 

second coils comprises: 

 a first portion provided on a first lateral level, and a second portion provided on a 

second lateral level, the first and second lateral levels being mutually spaced apart along said 

transverse axis, the first and second portions being displaced laterally from said axis by 

different distances, 

and at least one crossover element, 

[0164]Features, integers, characteristics, compounds, chemical moieties or
groups described in conjunction with a particular aspect, embodiment or
example of the invention are to be understood to be applicable to any other
aspect, embodiment or example described herein unless incompatible
therewith.  What is claimed is: CLAIMS  1. An integrated transformer
structure, comprising:       a first coil element associated with a transverse
axis, wherein the transverse axis is generally normal to at least first and
second lateral levels mutually spaced apart along the transverse axis, the
first coil element having at least one turn, the first coil element comprising a
first portion provided on the first lateral level, and a second portion provided
on the second lateral level, the first and second portions being displaced
laterally from the axis by different respective distances; and       at least one
crossover element of the first coil element, the crossover element is disposed
between the first and second lateral levels, wherein the crossover element is
in a crossover plane which is parallel to planes of the first and second lateral
levels,       wherein the first coil element is configured to provide a conducting
path through the first portion of the first coil element, through the crossover
element and through the second portion of the first coil element, in which any
change of flow direction along the path is less than 90 in a lateral direction.
2. The structure as claimed in claim 1 further comprising a second coil
element associated with said transverse axis, the second coil element having
at least one turn comprising a first portion formed on the first lateral level, and
a second portion formed on the second lateral level, the first and second
portions being laterally offset from one another with respect to said
transverse axis.  3. The structure as claimed in claim 2 comprising at least
one crossover element of the second coil element,        the second coil
element being configured to provide a conducting path through at least a
portion of the first portion of the second coil element to the crossover portion,
through the crossover element and subsequently through at least a portion of
the second portion of the second coil element, in which any change of flow
direction is less than 90 in a lateral direction. 



32 

 

each of the at least one turns being configured to provide a conducting path through at 

least a portion of the first portion to the crossover element, through the crossover element and 

subsequently through at least a portion of the second portion, in which any change of flow 

direction along said path is less than 90˚ in a lateral direction.   

 

9. The structure as claimed in claim 8 wherein said first and second portions of said at 

least one turns each comprise substantially half a turn of said coil element.   

 

10. The structure as claimed in claim 9 wherein each of turn of said at least one turn of the 

first and second coils further comprises third and fourth portions. 

 

11. The structure as claimed in claim 10 wherein each of the first and fourth portions of the 

at least one turn are laterally offset from the common transverse axis by a different distance 

than the second and third portions of each coil. 

 

12. The structure as claimed in claim 11 wherein said first and third portions of said at least 

one turn of each coil are provided on a different lateral level to the second and fourth portions.   

 

13. The structure as claimed in claim 12 wherein said first and third portions of said at least 

one turn of each coil are in diametrically opposed spaced relationship about the common axis. 

 

14. The structure as claimed in claim 13 wherein said first, second, third and fourth 

portions of said at least one turn of said coils each comprise generally one quarter of a turn. 

 

15. The structure as claimed in claim 1 wherein each coil element comprises two turns. 

 

4. The structure as claimed in claim 3 wherein the first and second coil
elements are arranged to provide electromagnetic coupling between the coil
elements along a portion of a length of at least one coil element in both a
lateral and a transverse direction.  5. The structure as claimed in claim 1
wherein the first coil element comprises a plurality of turns.  6. The structure
as claimed in claim 2 wherein the second coil element comprises a plurality
of turns.  7. The structure as claimed in claim 6 wherein the first coil element
comprises a plurality of turns.  8. The structure as claimed in claim 7 wherein
at least one turn of each of said first and second coils comprises:       a first
portion provided on a first lateral level, and a second portion provided on a
second lateral level, the first and second lateral levels being mutually spaced
apart along said transverse axis, the first and second portions being
displaced laterally from said axis by different distances, and at least one
crossover element,        each of the at least one turns being configured to
provide a conducting path through at least a portion of the first portion to the
crossover element, through the crossover element and subsequently through
at least a portion of the second portion, in which any change of flow direction
along said path is less than 90 in a lateral direction.  9. The structure as
claimed in claim 8 wherein said first and second portions of said at least one
turns each comprise substantially half a turn of said coil element.  10. The
structure as claimed in claim 9 wherein each of turn of said at least one turn
of the first and second coils further comprises third and fourth portions.  11.
The structure as claimed in claim 10 wherein each of the first and fourth
portions of the at least one turn are laterally offset from the common
transverse axis by a different distance than the second and third portions of
each coil.  12. The structure as claimed in claim 11 wherein said first and
third portions of said at least one turn of each coil are provided on a different
lateral level to the second and fourth portions. 
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16.  The structure as claimed in claim 1 wherein each coil element comprises four turns.    

 

17. The structure as claimed in claim 1 wherein said turns are substantially symmetrical. 

 

18. The structure as claimed in claim 1 wherein the first coil element is arranged such that 

no portions of the first coil element are in mutually confronting relationship along a direction 

parallel to said transverse axis.  

  

19. The structure as claimed in claim 2 wherein the first coil element comprises a plurality 

of turns arranged such that adjacent concentric portions of the turns on a given lateral level are 

separated by a portion of a turn of the second coil element.   

 

20. An integrated transformer structure comprising: 

a first coil element associated with a transverse axis, the first coil element having at 

least one turn, the first coil element comprising a first portion provided on a first lateral level, 

and a second portion provided on a second lateral level, the first and second lateral levels being 

mutually spaced apart along said transverse axis, the first and second portions being displaced 

laterally from said axis by different respective distances; and 

at least one crossover element of the first coil element, the crossover element is located 

in between the first and second lateral levels, wherein the crossover element is in a crossover 

plane which is parallel to planes of the first and second lateral levels, 

wherein the first coil element being configured to provide a conducting path through at 

least a portion of the first portion of the first coil element to the crossover element, through the 

crossover element and subsequently through at least a portion of the second portion of the first 

coil element, in which any change of flow direction along said path is less than 90˚ in a lateral 

direction, wherein a via element is provided, the via element being configured to provide a 

13. The structure as claimed in claim 12 wherein said first and third portions
of said at least one turn of each coil are in diametrically opposed spaced
relationship about the common axis.  14. The structure as claimed in claim 13
wherein said first, second, third and fourth portions of said at least one turn of
said coils each comprise generally one quarter of a turn.  15. The structure as
claimed in claim 1 wherein each coil element comprises two turns. 32   16.
The structure as claimed in claim 1 wherein each coil element comprises four
turns. 17. The structure as claimed in claim 1 wherein said turns are
substantially symmetrical.  18. The structure as claimed in claim 1 wherein
the first coil element is arranged such that no portions of the first coil element
are in mutually confronting relationship along a direction parallel to said
transverse axis.  19. The structure as claimed in claim 2 wherein the first coil
element comprises a plurality of turns arranged such that adjacent concentric
portions of the turns on a given lateral level are separated by a portion of a
turn of the second coil element.  20. An integrated transformer structure
comprising:       a first coil element associated with a transverse axis, the first
coil element having at least one turn, the first coil element comprising a first
portion provided on a first lateral level, and a second portion provided on a
second lateral level, the first and second lateral levels being mutually spaced
apart along said transverse axis, the first and second portions being
displaced laterally from said axis by different respective distances; and       at
least one crossover element of the first coil element, the crossover element is
located in between the first and second lateral levels, wherein the crossover
element is in a crossover plane which is parallel to planes of the first and
second lateral levels,       wherein the first coil element being configured to
provide a conducting path through at least a portion of the first portion of the
first coil element to the crossover element, through the crossover element
and subsequently through at least a portion of the second portion of the first
coil element, in which any change of flow direction along said path is less
than 90 in a lateral direction, wherein a via element is provided, the via
element being configured to provide a 
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flowpath between the crossover element and a portion of a coil element associated with the 

crossover element.   

 

21. The structure as claimed in claim 20 wherein a via element associated with a crossover 

element of the first coil element is displaced from a corresponding via element associated with 

a crossover element of the second coil element along a transverse direction and not along a 

lateral direction. 

 

22. The structure as claimed in claim 20 wherein a via element associated with a crossover 

element of the first coil element is displaced from a corresponding via element associated with 

a crossover element of the second coil element along both a transverse direction and a lateral 

direction. 

 

23. The structure as claimed in claim 1 comprises a via element, the via element being 

configured to provide a flowpath between the crossover element and a portion of the first coil 

element associated with the crossover element. 

 

24. The structure as claimed in claim 23 wherein the via element associated with the 

crossover element of the first coil element is displaced along a transverse direction and not 

along a lateral direction. 

 

25. The structure as claimed in claim 3 comprises a via element, the via element being 

configured to provide a flowpath between the crossover element and a portion of the second 

coil element associated with the crossover element. 

 

flowpath between the crossover element and a portion of a coil element
associated with the crossover element.  21. The structure as claimed in claim
20 wherein a via element associated with a crossover element of the first coil
element is displaced from a corresponding via element associated with a
crossover element of the second coil element along a transverse direction
and not along a lateral direction.  22. The structure as claimed in claim 20
wherein a via element associated with a crossover element of the first coil
element is displaced from a corresponding via element associated with a
crossover element of the second coil element along both a transverse
direction and a lateral direction.  23. The structure as claimed in claim 1
comprises a via element, the via element being configured to provide a
flowpath between the crossover element and a portion of the first coil element
associated with the crossover element.  24. The structure as claimed in claim
23 wherein the via element associated with the crossover element of the first
coil element is displaced along a transverse direction and not along a lateral
direction.  25. The structure as claimed in claim 3 comprises a via element,
the via element being configured to provide a flowpath between the crossover
element and a portion of the second coil element associated with the
crossover element.   26. The structure as claimed in claim 25 wherein the via
element associated with the crossover element of the first coil element is
displaced from the corresponding via element associated with the crossover
element of the second coil element along a transverse direction and not
along a lateral direction.  27. The structure as claimed in claim 26 wherein the
via element associated with the crossover element of the first coil element is
displaced from the corresponding via element associated with the crossover
element of the second coil element along both a transverse direction and a
lateral direction.  28. A transformer structure comprising: a first coil element
comprising first and second coil portions; a first lateral level on which the first
coil portion is disposed; 
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26. The structure as claimed in claim 25 wherein the via element associated with the 

crossover element of the first coil element is displaced from the corresponding via element 

associated with the crossover element of the second coil element along a transverse direction 

and not along a lateral direction. 

 

27. The structure as claimed in claim 26 wherein the via element associated with the 

crossover element of the first coil element is displaced from the corresponding via element 

associated with the crossover element of the second coil element along both a transverse 

direction and a lateral direction. 

 

28. A transformer structure comprising: 

            a first coil element comprising first and second coil portions; 

            a first lateral level on which the first coil portion is disposed; 

            a second lateral level on which a second coil portion is disposed, wherein the first and 

second portions are offset laterally from a transverse axis by different distances; 

at least one crossover element, the crossover element is disposed between the first and 

second lateral levels, wherein the crossover element is in a crossover plane which is parallel to 

planes of the first and second lateral levels; and 

wherein the first coil element is configured to provide a first coil conducting path 

through the first portion of the first coil element, through the crossover element and through 

the second portion of the first coil element.   

 

29. The transformer structure of claim 28 wherein any change in the first coil conducting 

path is less than 90˚ in a lateral direction. 

 

a second lateral level on which a second coil portion is disposed, wherein the
first and second portions are offset laterally from a transverse axis by
different distances;       at least one crossover element, the crossover
element is disposed between the first and second lateral levels, wherein the
crossover element is in a crossover plane which is parallel to planes of the
first and second lateral levels; and       wherein the first coil element is
configured to provide a first coil conducting path through the first portion of
the first coil element, through the crossover element and through the second
portion of the first coil element.  29. The transformer structure of claim 28
wherein any change in the first coil conducting path is less than 90 in a lateral
direction.   30. The structure of claim 28 further comprising a second coil
element, the second coil element having at least one turn comprising a first
portion formed on the first lateral level, and a second portion formed on the
second lateral level, the first and second portions being laterally offset from
the transverse axis by different distances.  31. The structure of claim 30
comprising at least one crossover element for the second coil element,
wherein the second coil element is configured to provide a second coil
conducting path through the first portion of the second coil element, through
the crossover element and through the second portion of the second coil
element.  32. The transformer structure of claim 31 wherein any change in
the second conducting path is less than 90 in a lateral direction. 
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30. The structure of claim 28 further comprising a second coil element, the second coil 

element having at least one turn comprising a first portion formed on the first lateral level, and 

a second portion formed on the second lateral level, the first and second portions being 

laterally offset from the transverse axis by different distances. 

 

31. The structure of claim 30 comprising at least one crossover element for the second coil 

element, wherein the second coil element is configured to provide a second coil conducting 

path through the first portion of the second coil element, through the crossover element and 

through the second portion of the second coil element.  

 

32. The transformer structure of claim 31 wherein any change in the second conducting 

path is less than 90˚ in a lateral direction. 

 


