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(54) EXTERNAL PORT

(57) An external port (100) for bidirectional transmis-
sion of radio frequency, RF, signals for an integrated cir-
cuit, IC, package, wherein the IC package (1000) com-
prises a case (1010) having an access wall (1020) and
an IC chip (1030) established on a first substrate (1040)

contained in the case (1010), the external port (100) com-
prising a dielectric waveguide structure (IC DRW 1) em-
beddable in the access wall (1020) of the case, the die-
lectric waveguide structure (IC DRW 1) configured for
bidirectional transmission of RF signals.
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Description

[0001] The present invention refers to an external port
for bidirectional ultra-broadband transmission of radio
frequency, RF, signals for an integrated circuit, IC, pack-
age.

BACKGROUND OF THE INVENTION

[0002] In the last years, solid-state semiconductors de-
vices have been pushing their frequency limitations to
higher frequencies, and their adoption in various tera-
hertz, THz, applications such as communication, instru-
mentation, imaging, and sensing is steadily increasing.
Several packaging strategies have been investigated
since proper housing is key to improving the stability and
reliability of the integrated circuits, IC. As frequency in-
creases, interconnecting the ICs becomes challenging
due to the losses and the impact of the manufacturing
tolerances on the signal integrity.
[0003] For IC operating at frequencies below 30 GHz
the use of plastic-molding packages is well established.
The interconnection is then made via beam leads or balls,
commonly in a ground-signal-ground configuration,
which creates a coplanar waveguide, CPW. Internally,
the IC chip is interconnected to the pad via wire bonding
or ribbon bonding. However, as frequency increases, the
parasitic series inductance becomes significant, which
makes it impossible to use this technique for millimeter
and sub-millimeter wave frequencies. The use of other
techniques, such as low-temperature co-fired ceramics,
LTCC, and multiple wire bonds per connection, can par-
tially mitigate the losses, but there is still a practical lim-
itation for sub-millimeter wave frequencies.
[0004] Other waveguides can be used for interconnec-
tion but either become impractical in size for frequencies
above 100 GHz, like the coaxial line or unsuitable for
integration in IC packages, like the rectangular
waveguide. The use of integrated antennas for chip-to-
chip communication has also been proposed. Although
this solution can easily fit inside standard plastic pack-
ages, it is frequency-limited by the chosen antenna to-
pology.
[0005] Our current approach is shown in Figure 1. A
single-mode excited dielectric waveguide achieves a
low-loss high-frequency ultra-wideband signal intercon-
nection. The rod is truncated and established as a bi-
directional high-frequency port in the IC package wall. It
can be used for connecting an external dielectric
waveguide, an antenna, or another IC.
[0006] The present invention overcomes the afore-
mentioned limitations and drawbacks.

DESCRIPTION OF THE INVENTION

[0007] The present invention provides a solution to bi-
directional ultra-broadband transmission of radio fre-
quency, RF, signals for an integrated circuit, IC, package.

It is compatible to several integrated circuit packaging
types.
[0008] Hence, the present invention relates to an ex-
ternal port comprising at least a waveguide port for bidi-
rectional transmission of radio frequency, RF, signals for
an integrated circuit, IC, package. Any signal coupled to
the external port can be efficiently coupled to another
dielectric structure, waveguide, antenna, or resonator,
so it can be used for implementing telecommunication
devices and high-frequency sensors. The dielectric
waveguide structure can be used for either radiating or
receiving through the proposed IC port.
[0009] Our invention has the following improvements:
The external port is a novel ultra-wideband signal port
that can be integrated into already existing IC packages.
Depending on the device configuration, many external
ports can be fitted into one single package.
[0010] The external port comprises a dielectric
waveguide structure e.g., a dielectric rod waveguide
(DRW) integrated into the IC package. The dielectric
waveguide structure can be made of a high permittivity
substrate, such as Silicon, GaAs or InP. On the external
side, dielectric waveguide structure can be flat truncated.
On the internal side, the dielectric waveguide structure
can be connected to the IC chip.
[0011] The external port can have a lower cut-off fre-
quency that depends on the port cross-section dimen-
sions, e.g., with a width of 1 mm that leads to a cut-off
frequency of approximately 65 GHz.
[0012] The external port can have a higher cut-off fre-
quency of at least 100 GHz that depends on the manu-
facturing tolerances, so a trade-off between manufactur-
ing costs and bandwidth can be set.
[0013] The external port can extend the frequency
range to the lower frequencies (up to DC) by using ad-
ditional metal pins.
[0014] Hence, a first aspect of the present invention
relates to an external port for bidirectional transmission
of radio frequency, RF, signals for an integrated circuit,
IC, package, wherein the IC package comprises a case
having an access wall and an IC chip established on a
first substrate contained in the case, the external port
comprising a dielectric waveguide structure embeddable
in the access wall of the case, the dielectric waveguide
structure is configured for bidirectional transmission of
RF signals.
[0015] In an example, the dielectric waveguide struc-
ture works as an ultra-wide band dielectric IC port and is
configured to be connectable to a second IC chip, an
external waveguide, a dielectric structure, or an antenna.
[0016] In an example, the dielectric waveguide struc-
ture provides a high-pass characteristic interconnection
operating over a high frequency range starting from a
low cut-off frequency fo in the microwave range or in the
millimeter-wave range, up to a higher cut-off frequency
of at least 100 GHz.
[0017] In another example, the external port further
comprises a second substrate connected to the dielectric
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waveguide structure and connectable to the first sub-
strate and a first metallization connectable to the IC chip
and established on the second substrate. The second
substrate comprises RF substrates such as quartz, lam-
inates and ceramics or Silicon.
[0018] In a preferred example, the dielectric
waveguide structure comprises a tapered end.
[0019] In an example, the external port comprises a
second metallization electrically connected to the first
metallization. In this example, the first metallization and
the second metallization are metal waveguide structures
providing a low-pass characteristic interconnection, op-
erating over a low frequency range from DC up to a high
cut-off frequency fCH in the millimeter wave range. Fur-
thermore, the external port can comprise a first electrical
interconnection configured to electrically connect the first
metallization and the second metallization.
[0020] In one example, the first electrical interconnec-
tion comprises epoxy.
[0021] In one example, the external port further com-
prises two metal pins embeddable in the access wall and
connectable to the IC chip by metallic connecting means.
The metallic connecting means can comprise wire bond-
ing, epoxy or ribbon bonding.
[0022] In one example, the external port further com-
prises a second electrical interconnection configured to
electrically connect the two metal pins to the second met-
allization.
[0023] Another aspect of the present invention relates
to an IC, package for transmitting or receiving RF signals,
comprising the external port according to the first aspect
of the present invention.
[0024] In one example, the first substrate of the IC
package comprises RF substrates such as quartz, lam-
inates and ceramics or Silicon.
[0025] In one example an access wall of the IC pack-
age comprises a dovetail shape or a V-groove shape that
serve as a mechanical aid for aligning an external
waveguide, antenna, connector, or any other component
or device connected to the IC package port.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] For a better understanding the above explana-
tion and for the sole purpose of providing an example,
some non-limiting drawings are included that schemati-
cally depict a practical embodiment.

Figures 1 and 2 show a first example of the external
port according to the present invention.
Figures 3 and 4 show a second example of the ex-
ternal port according to the present invention, where-
in the dielectric waveguide structure has as tapered
end.
Figures 5 shows a third example of the external port
according to the present invention that comprises
metal pins and a metallization.
Figures 6 and 7 show a fourth example of the external

port according to the present invention that compris-
es two metallizations.
Figure 8 shows a fifth example of the external port
according to the present invention that comprises
metal pins and electrical connections.
Figures 9 and 10 show examples of IC packages
with mechanical aids in the access wall.

DESCRIPTION OF A PREFERRED EMBODIMENT

[0027] Figures 1 shows a first example of the external
port (100) for bidirectional transmission of radio frequen-
cy, RF, signals for an integrated circuit, IC, package,
wherein the IC package (1000) comprises a case (1010)
having an access wall (1020). The external port (100)
comprises a dielectric waveguide structure (IC DRW 1)
embedded in the access wall (1020) of the case (1010),
the dielectric waveguide structure (IC DRW 1) is config-
ured for bidirectional transmission of RF signals.
[0028] In this particular example, an 8-lead TDFN plas-
tic IC package (1000) is shown as an example. The ac-
cess wall (1020) in the case (1010) has been reserved
for the dielectric waveguide structure (IC DRW 1). The
metallic pins of the case (1010) can be used for conven-
tional electric connections.
[0029] A dielectric rod waveguide of similar or equal
permittivity as the dielectric waveguide structure (IC
DRW 1) can be attached to the access wall (1020). The
dielectric waveguide structure (IC DRW 1) works as an
ultra-wide band dielectric IC port and can be used to con-
nect the IC package (1000) to another ultra-wideband IC
port, to an external waveguide (i.e., rectangular
waveguides), dielectric structures (i.e. a resonator), or
an antenna.
[0030] Figure 2 shows an internal view of the example
of figure 1. The IC package (1000) comprises an IC chip
(1030) established on a substrate (1040) contained in
the case (1010). The the IC package (1000) is solder in
any low or intermediate permittivity substrate (1040),
such as FR-4, Rogers, Duroid, etc. The first substrate
(1040) comprises RF substrates such as quartz, lami-
nates and ceramics or Silicon.
[0031] The dielectric waveguide structure (IC DRW1)
connects the IC chip (1030) with the access wall (1020)
for bidirectional transmission of RF signals and provides
a high-pass characteristic interconnection operating over
a high frequency range starting from a low cut-off fre-
quency f0 in the microwave range or in the millimeter-
wave range, up to a higher cut-off frequency of at least
100 GHz.
[0032] Figure 3 shows an internal view of a second
example of the external port (100) according to the
present invention, wherein dielectric waveguide structure
(IC DRW1) comprises. The tapered tip of the dielectric
waveguide structure (IC DRW1) lies on top of the IC chip
(1030).
[0033] In the example of figure 3, the external port (100)
further comprises a second substrate (110) connected
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to the dielectric waveguide structure (IC DRW1) and con-
nected to the first substrate (1040) of the IC chip (1030)
and a first metallization (120A) connected to the IC chip
(1030) and established on the substrate (1040). The sec-
ond substrate (110) comprises RF substrates such as
quartz, laminates and ceramics or Silicon. The first met-
allization (120A) can be a (tapered) metal waveguide
structure providing a low-pass characteristic intercon-
nection, operating over a low frequency range from DC
up to a high cut-off frequency fCH in the millimeter wave
range.
[0034] Figure 4 shows a detailed view of the example
of figure 3. The dielectric waveguide structure (IC DRW1)
propagates the RF signal with low losses and no trans-
mission nulls in a broad bandwidth if there is no intermo-
dal interference. Because of this, most of the signal power
must be coupled to the waveguide fundamental mode
for all frequencies. The main bandwidth limitations come
from the presence of higher-order modes. The higher-
order modes may be excited due to misalignments be-
tween elements so the manufacturing capabilities will de-
termine the maximum frequency. To extend the high-fre-
quency limit, the first metallization (120A) (e.g., a tapered
metallic waveguide structure) can be printed into the IC
chip (1030).
[0035] The horizontal dielectric waveguide structure
(IC DRW1) cross-section dimension is the (IC DRW1)
width, and the vertical dimension is the (IC DRW1) thick-
ness. Both are related to the low-frequency limit of the
external port (100).
[0036] Figure 5 shows a third example of the external
port according to the present invention that comprises
two metal pins (150) and the first metallization (120A)
providing a DC extension. In the third example, the ex-
ternal port (100) further comprises two metal pins (150)
embeddable in the access wall (1020) and connectable
to the IC chip (1030) by metallic connecting means
(150A) that connect the two metal pins (150) to the first
metallization (120A). The metallic connecting means
(150A) comprise wire bonding for this particular case. In
other examples, the metallic connecting means (150A)
can comprise epoxy or ribbon bonding.
[0037] Figure 6 shows a fourth example of the external
port (100) according to the present invention that com-
prises two metallizations. In particular, in this fourth ex-
ample, the external port (100) comprises the first metal-
lization (120A) and a second metallization (120B) elec-
trically connected to the first metallization (120A). The
first metallization (120A) and the second metallization
(120B) can be (tapered) metal waveguide structures pro-
viding a low-pass characteristic interconnection, operat-
ing over a low frequency range from DC up to a high cut-
off frequency fCH in the millimeter wave range.
[0038] For this example, to achieve a bandwidth from
65 GHz to 300 GHz, the second metallization (120B)
length is 14.5 mm. For avoiding this increase in length,
it can be possible to extend the second metallization
(120B) outside the IC chip (1030).

[0039] The fourth example of the external port (100)
further comprises a first electrical interconnection (140A)
configured to electrically connect the first metallization
(120A) and the second metallization (120B). The first
metallization (120A) is connected to the second metalli-
zation (120B) by means of the first electrical interconnec-
tion (140A) that can comprise conductive epoxy or sim-
ilar. The quality of this electric contact (in terms of its
maximum frequency fm) linearly depends on a truncation
point. A truncation point close to the external port (100)
leads to an fm close to fo. For frequencies above fm, the
signal is coupled to the the dielectric waveguide structure
(IC DRW 1) before the transition between the IC chip
(1030) and the the second metallization (120B).
[0040] Figure 7 shows a detailed view of figure 6. In
this figure, the first electrical interconnection (140A) con-
figured to electrically connect the first metallization
(120A) and the second metallization (120B) is shown in
detail as well as the second substrate (110) connected
to the dielectric waveguide structure (IC DRW1) and con-
nected to the first substrate (1040).
[0041] Figure 8 shows a fifth example of the external
port (100) according to the present invention that com-
prises two metal pins (150) and electrical interconnec-
tion. The external port (100) comprises the two metal
pins (150) embeddable in the access wall (1020) and
connectable to the IC chip (1030) by metallic connecting
means (150A) and a second electrical interconnection
(140B) configured to electrically connect the two metal
pins (150) to the second metallization (120B) providing
a DC extension. The DC extension is internally imple-
mented by connecting the two metal pins (150) to the the
second metallization (120B) (e.g., a tapered metallic
waveguide structure).
[0042] As mentioned above, it is possible to extend the
bandwidth to the lower frequencies by adding two metal
pins (150) to the external port (100). Hence, the external
port (100) comprises the the dielectric waveguide struc-
ture (IC DRW1) and the two metal pins (150). In this ex-
ample, the external port (100) is hybrid as it comprises
the dielectric waveguide structure (IC DRW 1) and two
metal pins (150). For the lower frequencies, it works as
a balanced bifilar line. For frequencies above fo, the sig-
nal is coupled into the HE11 mode.
[0043] Figures 9 and 10 show examples of IC packag-
es (1000) with mechanical aids in the access wall (1020).
In the previous examples, a flat surface is assumed in
the access wall (1020). It is also possible to add mechan-
ical aids in the access wall (1020) for enhancing the align-
ment between an external waveguide and the external
port (100). In figures 9 and 10, the access wall (1020)
can be dovetail- and v-groove-shaped, respectively, to
accommodate an external waveguide (not part of the in-
vention) with a cover made of any material with a permit-
tivity lower than the DRW one (i.e., plastic or epoxy) that
matches the IC port shape, since shaping may be easier
if it is not directly done in the DRW.
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Claims

1. An external port (100) for bidirectional transmission
of radio frequency, RF, signals for an integrated cir-
cuit, IC, package, wherein the IC package (1000)
comprises a case (1010) having an access wall
(1020) and an IC chip (1030) established on a first
substrate (1040) contained in the case (1010), the
external port (100) comprising:

- a dielectric waveguide structure (IC DRW 1)
embeddable in the access wall (1020) of the
case, the dielectric waveguide structure (IC
DRW 1) configured for bidirectional transmis-
sion of RF signals.

2. The external port (100) according to claim 1, wherein
the dielectric waveguide structure (IC DRW 1) works
as an ultra-wide band dielectric IC port and is con-
figured to be connectable to a second IC chip, an
external waveguide, a dielectric structure, or an an-
tenna.

3. The external port (100) according to claims 1 or 2,
wherein the dielectric waveguide structure (IC
DRW1) provides a high-pass characteristic intercon-
nection operating over a high frequency range start-
ing from a low cut-off frequency f0 in the microwave
range or in the millimeter-wave range, up to a higher
cut-off frequency of at least 100 GHz.

4. The external port (100) according to claims 1 to 3,
further comprising:

- a second substrate (110) connected to the di-
electric waveguide structure (IC DRW1) and
connectable to the first substrate (1040); and
- a first metallization (120A) connectable to the
IC chip (1030) and established on the substrate
(1040).

5. The external port according to the previous claim,
wherein the second substrate (110) comprises RF
substrates such as quartz, laminates and ceramics
or Silicon.

6. The external port according to the previous claim,
wherein dielectric waveguide structure (IC DRW1)
comprises a tapered end.

7. The external port according to claims 4 to 6, further
comprising:

- a second metallization (120B) electrically con-
nected to the first metallization (120A) and me-
chanically connected to the dielectric waveguide
structure (IC DRW 1).

8. The external port according to claim 7, wherein the
first metallization (120A) and the second metalliza-
tion (120B) are metal waveguide structures provid-
ing a low-pass characteristic interconnection, oper-
ating over a low frequency range from DC up to a
high cut-off frequency fCH in the millimeter wave
range.

9. The external port (100) according to the previous
claim, further comprising:

- a first electrical interconnection (140A) config-
ured to electrically connect the first metallization
(120A) and the second metallization (120B).

10. The external port (100) according to the previous
claim, wherein the first electrical interconnection
(140A) comprises conductive epoxy, wire bonding,
or ribbon bonding.

11. The external port (100) according to any of the pre-
ceding claims, further comprising:

- two metal pins (150) embeddable in the access
wall (1020) and connectable to the IC chip
(1030) by metallic connecting means (150A).

12. The external port (100) according to the preceding
claim, wherein the metallic connecting means
(150A) comprises wire bonding, epoxy or ribbon
bonding.

13. The external port (100) according to claims 11 or 12,
further comprising a second electrical interconnec-
tion (140B) configured to electrically connect the two
metal pins (150) to the second metallization (120B).

14. An integrated circuit, IC, package (1000) for trans-
mitting or receiving RF signals, the IC package
(1000) comprising the external port according to
claims 1 to 13.

15. The IC package according to claim 14, wherein the
first substrate (1040) comprises RF substrates such
as quartz, laminates and ceramics or silicon.

16. The IC package (1000) according to claims 14 or 15,
wherein the access wall (1020) comprises a dovetail
shape or a V-groove shape.

7 8 



EP 4 415 157 A1

6



EP 4 415 157 A1

7



EP 4 415 157 A1

8



EP 4 415 157 A1

9



EP 4 415 157 A1

10



EP 4 415 157 A1

11



EP 4 415 157 A1

12



EP 4 415 157 A1

13



EP 4 415 157 A1

14



EP 4 415 157 A1

15



EP 4 415 157 A1

16

5

10

15

20

25

30

35

40

45

50

55



EP 4 415 157 A1

17

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

