
1  An integrated circuit  Field of this invention This
invention relates to an integrated circuit.  5
Background of the invention In the prior art, it is
known to use bond wires to connect components in an
integrated  circuit. Bond wires may be inexpensive and
may also account for thermal expansion for
reliability. However, some bond wires may have large
inductances due to their long and  thin structures.
This poses a challenge when transmitting high
frequency signals in the  10 integrated circuit, since
large inductance may lead to poor power transfer. In
US Patent 4,686,492 ('Grellmann'), multiple parallel
layers of bond wires 101 are  connected between
different transmission lines 103, 105 in an integrated
circuit 100;  see Figure 1. Such an arrangement of the
bond wires 101 produces a capacitive effect 15 to
compensate for the inductive nature of bond wires.
However, a problem with this  arrangement of the bond
wires 101 is the complexity in fabricating the
multiple parallel  layers of the bond wires 101, where
the gaps between the adjacent bond wires 101  have to
be strictly controlled. 20 Summary of the invention A
first aspect of the invention is defined in claim 1.
By providing the conductive ribbon  having the main
portion which continuously increases in width, a
desired characteristic  impedance of the conductive
ribbon may match the characteristic impedance of both
the die and the substrate: Advantageously an impedance
matching structure may be 25 provided for the
integrated circuit, to maximise power transfer of high
frequency signals  across the integrated circuit. A
second aspect of the invention is defined in claim 2.
By providing the ground plane  having the first
aperture immediately adjacent to the conductive
ribbon, a desired 30 characteristic impedance of the
conductive ribbon may match the characteristic
impedance of both the die and the substrate.
Advantageously an impedance matching  structure may be
provided for the integrated circuit, to maximise power
transfer of high  



frequency signals across the integrated circuit. 2
Other features of the invention are optional. For
example, the first transmission line  may be a
co-planar waveguide that includes a conductive strip
and a ground plane,  and the ground plane having a
portion that is coplanar with and spaced from the
conductive strip. The die may then be arranged on the
ground plane, and the second  5 transmission line may
be a microstrip line. Optionally, the second
transmission line may also be a co-planar waveguide
like the  first transmission line. There may be a
plurality of conductive ribbons, each to  electrically
couple the first and the second termination of the
respective co-planar 10 waveguide. The width of the
each of the plurality of conductive ribbons may
continuously decrease from the first termination to
the second termination.  Consequently, the plurality
of conductive ribbons may be configured as a gradual
impedance transformer in integrated circuits where the
first termination has a lower  characteristic
impedance compared with the second termination. This
is because for 15 each of the plurality of conductive
ribbons, the characteristic impedance of the
conductive ribbon at the end that is electrically
coupled to the first termination matches  the lower
characteristic impedance of the first termination
while the characteristic  impedance of the conductive
ribbon at the end that is electrically coupled to the
second  termination matches the higher characteristic
impedance of the second termination. 20 Brief
description of the figures Example embodiments will
now be described, by way of example only, with
reference  to the figures of which: 25 Figure 1
illustrates a known integrated circuit; Figure 2 is a
perspective view of a first integrated circuit having
a conductive ribbon  with a varying width; Figure 3 is
a graph of return and insertion losses of the first
integrated circuit of Figure  2; 



30 Figure 4 is a perspective view of a second
integrated circuit having three conductive  ribbons,
each with a varying width; Figure 5 is a perspective
view of a third integrated circuit having a ground
plane with a  cut-out portion; Figure 6 is a graph of
return and insertion losses of the third integrated
circuit of Figure  35 5; 3  Figure 7 is a perspective
view of a fourth integrated circuit having a ground
plane with a  cut-out portion; and Figure 8 is a graph
of return and insertion losses of the fourth
integrated circuit of  Figure 7. 5 Detailed
description Example embodiments may be used in a high
frequency integrated circuit. The  transmission lines
in the high frequency integrated circuit may include a
microstrip line  10 assembly and/or a coplanar
waveguide. The microstrip line assembly has three
layers: a microstrip line, a dielectric substrate
layer (which may be a semiconductor die), a  ground
plane . The co-planar waveguide has two layers: a
conductive strip spaced  from a coplanar ground plane,
and a substrate. A grounded co-planar waveguide has
an additional ground plane beneath the substrate. 15
Several example embodiments will now be described
including: a) a first embodiment to couple a
microstrip line assembly to a stepwise co-planar
waveguide via a conductive ribbon having a varying
width, where both  transmission lines have the same
impedance, 20 b) a second embodiment to couple a
co-planar waveguide to a stepwise co-planar  waveguide
via conductive ribbons each having a varying width,
where both  transmission lines have different
impedances, c) a third embodiment to couple a
microstrip line assembly to a stepwise co-planar  



waveguide via a conductive ribbon having a uniform
width, the conductive 25 ribbon is embedded in a mold
resin material, the reference ground plane has  been
appropriately cut out to adjust the characteristic
impedance of the ribbon,  where both transmission
lines have the same impedance, and d) a fourth
embodiment to couple a co-planar waveguide to a
stepwise co-planar  waveguide via conductive ribbons
each having a uniform width, the conductive  30
ribbons are embedded in a mold resin material, the
reference ground plane has been appropriately cut out
to adjust the characteristic impedance of the ribbon,
where both transmission lines have the same impedance.
A) Microstrip line assembly coupled to a step-wise
co-planar waveguide, via a  35 conductive ribbon
having a varying width 4  Figure 2 illustrates a first
integrated circuit 201 having: i) a substrate (i.e. a
printed  circuit board ('PCB') 221); ii) a first
transmission line (shown as a co-planar waveguide
205, including a ground plane 205a and a co-planar
conducting strip 205b) arranged on 5 the PCB 221; iii)
an IC die 219 arranged on the PCB 221; iv) a second
transmission  line (shown as a microstrip line
assembly including a microstrip line 203 ); and v) a
conductive ribbon 207. Specifically, the IC die 219 is
arranged on the ground plane 205a of the co-planar  10
waveguide 205. The co-planar waveguide 205 includes a
first termination 215 at the  co-planar conducting
strip 205b, while the microstrip line assembly
includes a second  termination 211 at the microstrip
line 203. The IC die 219 is spaced from the first
termination 215 at the co-planar conducting strip
205b, and the microstrip line 203 is  arranged on a
surface of the IC die 219 opposed to the surface on
which the IC die 219 15 is arranged on the ground
plane 205a and indirectly on PCB 221. The conductive
ribbon 207 comprises a first end 213 to electrically
connect the first  termination 215 at the co-planar
conductive strip 205 and a second end 209 to
electrically connect the second termination 211 at the
microstrip line 203. Because of 20 the relative
arrangement of the co-planar conductive strip 205b and
the microstrip line  



203, they are arranged at different planes in the
first integrated circuit 201. Accordingly,  the first
and the second termination 215, 211 define a step-wise
arrangement. The characteristic impedance of a
transmission line is calculated by the following  25
equation: Zo = L / C , where Zo is the characteristic
impedance of the transmission  line; L is an
inductance of unit length of the transmission line and
C is a capacitance  of unit length of the transmission
line. It is found that the characteristic impedance of
a  conductive ribbon is additionally related to a
width of the conductive ribbon, as follows:  8e4 W W
ezA-2, for H <2 30 (1)  H 2[B-1-1n(2B-1)+-1
1n(B-1)+0.39-0.61 for W>2 7 26r sr H 5  where: W
defines the width of the conductive ribbon; H defines
a distance between the  conductive ribbon and a
reference ground plane; A = 60 Erg 1 + sr + 11 +
0-11); r r B = 377;c , in which 20 is a desired
characteristic impedance of the conductive  2Zo Er
ribbon; and sr is the relative dielectric constant of
a substrate (which, in the case of the  5 first
integrated circuit 201 shown in Figure 2, is air).
Referring to the first integrated circuit 201 shown in
Figure 2, both the microstrip line  203 and the
co-planar waveguide 205 have a same characteristic
impedance of 5052 .  To minimise return and insertion
losses of high frequency signals during transmission,
10 a desired characteristic impedance of each unit
length of the conductive ribbon 207  should therefore
be 500 to match the characteristic impedances of both
the IC die 219  and the PCB 221. From Equation 1
above, the ratio H should be kept constant so that the
desired 15 characteristic impedance of each unit
length of the conductive ribbon 207 matches the  same
characteristic impedance of both the IC die 219 and
the PCB 221. 



From the relative arrangement of the co-planar
conductive strip 205b and the microstrip  203, it is
seen that the first and the second termination 215,
211 define a step-wise 20 arrangement. Consequently,
the conductive ribbon 207 includes a main portion
having  a width 217 that continuously increases in
width from its first end 213 to the second  end 209 as
the height of the ribbon over the ground plane
gradually increased. The conductive ribbon 207 may be
provided with a transition portion (not shown) to  25
introduce a less abrupt width increase from the second
end 203. Figure 3 shows a simulation result of the
first integrated circuit 201 in respect of its  return
and insertion losses. It is shown that the return loss
304,306 of the first  integrated circuit 201 with the
conductive ribbon 207 is less than -10dB over a broad
30 frequency range of between 1 0GHz and 70GHz. Also,
the insertion loss 302 over this 6  frequency range is
less than 1 dB. Hence, the conductive ribbon 207
provides a  wideband impedance matching structure for
the first integrated circuit 201. B) Co-planar
waveguide coupled to a step-wise co-planar waveguide,
via conductive  5 ribbons each having a varying width
Figure 4 shows a second integrated circuit 401
comprising: i) a substrate (i.e. a PCB  421); ii) a
first transmission line (shown as a first co-planar
waveguide 405, including a  ground plane 405a and a
co-planar conducting strip 405b) arranged on the PCB
421; iii) 10 an IC die 419 also arranged on the PCB
421; iv) a second transmission line (shown as  a
second co-planar waveguide 403, including a ground
plane 403a and a co-planar  conducting strip 403b)
arranged on the PCB 421; and v) three conductive
ribbons 407a,  407b, 407c. 15 Like the first
integrated circuit 201, both the first and second
co-planar waveguides 405,  403 include respective
terminations. The IC die 419 is also spaced from the
termination  at the first co-planar waveguide 405, and
the second co-planar waveguide 403 is arranged on a
surface of the IC die 419 opposed to that on which the
IC die 419 is  arranged on the PCB 421. Moreover, the
ends of each of the conductive ribbons 407a,  20 407b,
407c are electrically coupled between the first and
second termination at the 



respective first and the second co-planar waveguides
405, 403. Because of the relative arrangement of the
co-planar conductive strip 405b and the  other
co-planar strip 403b, they are at different planes in
the second integrated circuit  25 401. Accordingly,
the first and the second termination define a
step-wise arrangement. Unlike the first integrated
circuit 201, characteristic impedances of the first
and the  second co-planar waveguides 405, 403 are
different. More specifically, for example,  the
characteristic impedance of the first co-planar
waveguide 405 is 50Q while the 30 characteristic
impedance of the second co-planar waveguide 403 is
30052. Accordingly,  the conductive ribbons 407a,
407b, 407c are configured as a gradual impedance
transformer by requiring the characteristic impedances
at the ends of the conductive  ribbons 407a, 407b,
407c to match the corresponding characteristic
impedances of the  respective terminations. 35 7
Revisiting the Equation 1 above, each of the
conductive ribbons 407a, 407b, 407c  should have a
varying width 404a, 404b, 404c, such that its desired
characteristic  impedance between both ends increases
from 50 0 (at the end electrically coupled to  the
first termination) to 300 0 (at the end electrically
coupled to the second 5 termination). In this way, the
conductive ribbons 407a, 407b, 407c operate as a
gradual  impedance transformer. Air is the dielectric
material in both the first and the second integrated
circuits 201, 401.  Since the dielectric constant of
air is much smaller than that of other dielectric
material  10 (e.g. mold resin material), the widths of
the conductive ribbon 209 or the plurality of
conductive ribbons 407a, 407b, 407c can be reduced by
embedding these conductive  ribbons in mold resin
material. C) Microstrip line assembly coupled to a
step-wise co-planar waveguide, via a  15 conductive
ribbon having a uniform width Figure 5 illustrates a
third integrated circuit 501 comprising: i) a
substrate (i.e. a PCB  521); ii) a first transmission
line (shown as a first co-planar waveguide 505,
including a  



ground plane 505a and a co-planar conducting strip
505b) arranged on the PCB 521; iii) 20 an IC die 519
arranged on the PCB 521; iv) a second transmission
line (shown as a  microstrip line assembly, including
a microstrip line 503 arranged on the IC die 519;  and
v) a conductive ribbon 507. Like the first integrated
circuit 201, the co-planar conducting strip 505b and
the 25 microstrip line 503 include a respective first
and second termination. The IC die 519 is  also spaced
from the first termination at the co-planar conducting
strip 505b, and the  microstrip line 503 is arranged
on a surface of the IC die 519 opposed to the surface
on  which the IC die 519 is arranged on the ground
plane 505a and indirectly on the PCB  521. Also, the
conductive ribbon 507 electrically couples the first
and the second 30 termination. Because of the relative
arrangement of the co-planar conductive strip 505b and
the  microstrip line 503, they are arranged at
different planes in the third integrated circuit  501.
Accordingly, the first and the second termination
define a step-wise arrangement.  35 8  Moreover, and
like the first integrated circuit 201, characteristic
impedances of the first  and the second co-planar
waveguides 405, 403 are the same. More specifically,
both  the characteristic impedances of the co-planar
waveguide 505 and the microstrip line  assembly are
50Q. A desired characteristic impedance of each unit
length of the 5 conductive ribbon 507 should therefore
be 500 to match the same characteristic  impedances of
both the co-planar waveguide 505 and the microstrip
line assembly.  However, and unlike the conductive
ribbon 207 of the first integrated circuit 201 (or the
conductive ribbons 407a, 407b, 407c of the second
integrated circuit 401), the 10 conductive ribbon 507
has a constant width along its length. To ensure that
a desired  characteristic impedance of the conductive
ribbon 507 matches the same characteristic  impedance
of both the co-planar waveguide 505 and the microstrip
line assembly, an  aperture (shown as a cavity 508 in
Figure 5) is provided by removing portion of the
ground plane 505a beneath to the conductive ribbon
507. 



15 The cavity 508 in the ground plane 505a is provided
by removing a portion of the  ground plane 505a.
Specifically, the width of the cavity 508 is varied
continuously  according to its distance to the
conductive ribbon 507. More specifically, the area of
the  cavity 508 decreased from the first termination
(at the co-planar waveguide) to the 20 second
termination (at the microstrip line 503). This ensures
that the desired  characteristic impedance of the
conductive ribbon 507 matches the same characteristic
impedance of both the co-planar waveguide 505 and the
microstrip line assembly.  Moreover, fabrication of
integrated circuits with conductive ribbons of a fixed
width may  be easier, compared with fabrication of
integrated circuits with conductive ribbons of a  25
varying width. Further, it is seen that a mold resin
material 523 is used to embed the conductive  ribbon
507, so that a smaller width of the conductive ribbon
507 may be used  compared with a corresponding
conductive ribbon of an integrated circuit in which
air is  30 used instead. Figure 6 shows a simulation
result of the third integrated circuit 501 in respect
of its  return and insertion losses. It is shown that
the return loss 604,606 of the third  integrated
circuit 501 is less than -10dB over a broad frequency
range of between 35 1 0GHz and 70GHz. Also, the
insertion loss 602 over this frequency range is less
than 9  1 dB. Hence, the cavity 508 of the ground
plane 505a and the ribbon 507 provides a  wideband
impedance matching structure for the third integrated
circuit 501. D) Co-planar waveguide coupled to a
co-planar waveguide, via conductive ribbons  5 each
having a uniform width Figure 7 illustrates a fourth
integrated circuit 601 comprising: i) a substrate
(i.e. PCB  621); ii) a first transmission line (shown
as a first co-planar waveguide 605, including a  first
ground plane 605a and a first co-planar conducting
strip 605b) arranged on the 10 PCB 621; iii) an IC die
619 arranged on the PCB 621; iv) a second transmission
line  (shown as a second co-planar waveguide 603,
including a second ground plane 603a  



and a second co-planar conducting strip 603b); and v)
three conductive ribbons 607a,  607b, 607c. 15 Like
the third integrated circuit 501, a portion of the
first ground plane 605a is cut out to  provide an
aperture (shown as cavity 608) in the first ground
plane 605a for adjusting  the capacitance of the
ribbon trace 607b relative to ground, and hence, the
characteristic impedance of the conductive ribbons
607a, 607b, 607c. As shown in  Figure 7, the cavity
608 is defined as a double-triangular - i.e. the inner
(smaller) 20 triangle and the outer (bigger) triangle,
the ground plane inside the inner triangle and
outside of the bigger triangle is removed to form the
cavity 608.It is used to adjust the  capacitance of
the signal trace 607b relative to the ground plane.
Like the conductive ribbon 507 of the third integrated
circuit 501, the width of the  25 conductive ribbons
607a, 607b, 607c is uniform. This advantageously
simplifies  fabrication of the integrated circuits.
However, whereas the second transmission line  503 of
the third integrated circuit 501 defines a microstrip
line assembly, the second  transmission line 603 of
the fourth integrated circuit 601 defines a co-planar
waveguide.  Thus, the fourth integrated circuit 601
may be more advantageous then the third 30 integrated
circuit 501 since the width of the conductive ribbons
607a, 607b, 607c can  be made smaller than that of the
third integrated circuit 501. To reduce the width of
the  conductive ribbons 607a, 607b, 607c yet further,
a mold resin material 623 is used to  embed (or
encapsulate) the conductive ribbons 607a, 607b, 607c,
as shown in Figure 7.  For example, between
corresponding example configurations of these
integrated 35 circuits, the width of the conductive
ribbon 507 of the third integrated circuit 501 may be
10  about 220 microns whereas the width of the
conductive ribbons 607a, 607b, 607c of  the fourth
integrated circuit 601 may only be about 50 microns.
Figure 8 shows a simulation result of the fourth
integrated circuit 601 in respect of its  5 return and
insertion losses. It is shown that its return loss
804,806 is less than -10dB  over a broad frequency
range of between OGHz and 70GHz. Also, the insertion
loss  802 over this frequency range is less than 1dB.
Hence, the cavity 608 of the ground  



plane 605a provides a wideband impedance matching
structure for the fourth integrated circuit 601.  10
Wideband impedance matching structures for integrated
circuits have thus been  proposed. Such wideband
impedance matching structures will maximise power
transfer  of high frequency signals across the
different integrated circuits 201, 401, 501, 601.
Further, by providing a wideband impedance matching
structure through configuring a 15 cavity in the
ground plane of a co-planar waveguide, the width of a
conductive ribbon  can be advantageously fixed along
its length, which thereby simplifying fabrication of
integrated circuits. Also, by embedding the ribbon
into mold resin material, the width of  the ribbon can
also be reduced. 20 Although the invention has been
described with reference only to a few embodiments,
many variations are however possible within the scope
of the claims, as will be clear to  a skilled reader,
without departing from the invention as claimed. For
example, a variety of the geometrical structures (or
dimensions) of the conductive ribbons 207,  407a,
407b, 407c are possible to provide wideband impedance
matching structures for  25 integrated circuits. Also,
a variety of configurations of the cavity 508, 608in
the ground plane 505a, 605a are possible to provide
wideband impedance matching structures for  integrated
circuits. Moreover, the conductive ribbons 207, 407a,
407b, 407c, 507, 607a,  607b, 607c may be build-in
within a flexible substrate (e.g. a flexible PCB) to
simplify  fabrication of the integrated circuits 201,
401, 501, 601 in respect of the dimensions of 30 these
conductive ribbons and/or a gap distance between the
adjacent conductive  ribbons. The flexible PCB may
also be easily soldered to an IC die or a PCB.
Further, it  should be appreciated that the described
embodiments are equally applicable to  integrated
circuits where the IC dies 219, 419, 519, 619 are
respective sources and the  PCBs 221, 421, 521, 621
respective loads as well as to integrated circuits
where the IC 35 dies 219, 419, 519, 619 are respective
loads and the PCBs 221, 421, 521, 621 11  respective
sources. Simply put, high frequency signals may be
transmitted in either  



directions in the integrated circuits 201, 401, 501,
601 between the IC dies 219, 419,  519, 619 and the
PCBs 221, 421, 521, 621. Also, the integrated circuits
201, 401, 501,  601 may operate at a frequency within
a certain range of the microwave spectrum such 5 as
between 10GHz and 70GHz, or between 30GHz and 50GHz,
or even higher  frequency. Although PCBs have been
used as the substrates for the described  integrated
circuits, other suitable substrates may also be used.
Additionally, the PCB  221, 421, 521, 621 may each
have a thickness of 200 microns, 300 microns, or 400
microns. Further, superglue may be used in place of
the mold resin material mentioned 10 above for
encapsulating the conductive ribbons. For example, if
the superglue with a  dielectric constant of 7 were
used, the uniform width of the conductive ribbons
607a,  607b, 607c of the fourth integrated circuit 601
may be reduced to 50 microns.  Furthermore, the
application of the proposed structures is not limited
to IC connection. 15 For example, it may be used to
connect any 2D planar structure (e.g. co-planar
waveguide) to another 2D planar structure of different
height. 12  Claims 1. An integrated circuit
comprising:  a substrate; 5 a first transmission line
arranged on the substrate, the first transmission line
having a first termination; a die having a first
surface on the substrate and an opposed second
surface, the die being spaced from the first
termination; a second transmission line arranged on
the second surface of the die,  10 the second
transmission line having a second termination; and a
conductive ribbon to electrically couple the first and
the second termination  including a main portion which
continuously increases in width from the first
termination. 15 2. An integrated circuit comprising:
a substrate; 



a first transmission line arranged on the substrate,
the first transmission line  having a first
termination; a die having a first surface on the
substrate and an opposed second  20 surface, the die
being spaced from the first termination; a second
transmission line arranged on the second surface of
the die,  the second transmission line having a second
termination; a conductive ribbon to electrically
couple the first and the second termination  wherein
the width of the conductive ribbon is constant along
its length; and 25 a ground plane arranged on the
substrate including a first aperture  immediately
adjacent to the conductive ribbon. 3. The integrated
circuit of claims 1 or 2, further comprising an
encapsulant around  the conductive ribbon. 30 4. The
integrated circuit of claim 3, wherein the encapsulant
is resin. 5. The integrated circuit of claim 3 or 4
when dependant on claim 2, wherein the  conductive
ribbon has a substantially constant width. 35 13  6.
The integrated circuit of claim 1, wherein the main
portion varies in width (W) according to formula (1)
or as determined by simulation.  5 7. The integrated
circuit of claim 1 or claim 6, wherein the conductive
ribbon includes  a transition portion which
continuously increases in width from the second
termination. 10 8. The integrated circuit of claim 2,
wherein the width of the first aperture varies
continuously according to its distance to the
conductive ribbon at each point, the  distance being
in a direction perpendicular to a major surface of the
substrate. 9. The integrated circuit of claim 8,
wherein the width of the aperture continuously  15
decreases in width from the first termination. 



10. The integrated circuit of claim 5, further
comprising a second aperture, wherein the  first
aperture is bounded by a first triangle having a base
coincident with the first  termination and the second
aperture is on the outside of a larger second triangle
20 surrounding the first triangle. 11. The integrated
circuit of any one of the preceding claims, wherein
the first  transmission line is a first co-planar
waveguide including a first conductive strip  and a
first ground plane, the first ground plane having a
portion coplanar with and  25 spaced from the first
conductive strip. 12. The integrated circuit of claim
11, wherein the first surface of the die is arranged
on the substrate and wherein the second transmission
line is a microstrip line.  30 13. The integrated
circuit of claim 11, wherein the second transmission
line is a second co-planar waveguide including a
second conductive strip and a second  ground plane,
the second ground plane having a portion coplanar with
and spaced  from the second conductive strip. 14  14.
The integrated circuit of claim 13, further comprising
a third ground plane including a third portion
coplanar with and spaced from the conductive ribbon.
15. The integrated circuit of claim 14, wherein the
width of the conductive ribbon and  5 the third
portion continuously decrease along the length from
the first termination  to the second termination. 16.
The integrated circuit of any one of the preceding
claims, wherein the integrated  circuit is operable at
a frequency of between 10GHz and 70GHz. 10 17. A
conductive ribbon for use in an integrated circuit
according to any of the  preceding claims. 


