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RADIOFREQUENCY STRUCTURES IN ELECTRONIC PACKAGES

FIELD OF THE INVENTION
The present invention generally relates to radiofrequency structures. More particularly,
the invention relates to radiofrequency structures comprising a transition between

layers in packages for electronic or optoelectronic devices.

BACKGROUND

Electronic devices such as optoelectronic devices are frequently formed in assemblies
which contain components which are arranged in multilayer structures. There is
therefore a need for structures comprising angled transitions to connect electronic
components located in layers of differing heights. For example, surface mounted
devices are typically powered via electrical connections which pass through a package
body to connect radiofrequency transmission layers disposed on opposing faces of the
package body. Commonly, the electrical connection may be orthogonal to the

radiofrequency transmission layers, resulting in a pair of angled transitions of 90°.

Such angled transitions are known to be problematic for high performance
radiofrequency (RF) devices. In particular, angled transitions comprising
interconnections to a circuit or radiofrequency transmission layer housed within a

package may require careful impedance matching to ensure high RF performance.

Several techniques and materials are known in the art for forming structures with
angled transitions. Ceramic materials may be used as a supporting structure for the
radiofrequency transmission layers, in which case electrical connections can be located
in holes through the ceramic material. Alternatively, US784900 describes conductors
bent within a plastic material to realise a transition between internal and external
conducting layers in an optoelectronic device. The bending of the conductors avoids

inductance parasitic effects which may degrade the radiofrequency performance.

A further approach for forming angled transitions uses a coaxial glass bead mounted
within the package body. The coaxial glass bead comprises an insulating glass cylinder
with a central conducting pin which may be connected to a radiofrequency transmission
layer by soldering. This approach has the advantage that a metal package body can be

used and frequently results in good radiofrequency performance. Unfortunately, the
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approach can suffer from problems related to tolerances and process control,

particularly when multiple circuits must be interconnected simultaneously.

The skilled person would therefore understand the desirability of an improved angled
transition that is suitable for use in high performance RF devices.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an angled radiofrequency transition

which addresses, or at least alleviates, the problems described above.

In accordance with one aspect of the present invention there is provided an RF
transition assembly for enabling a radiofrequency transition between an RF
transmission layer of an electronic device and a conductor which is electrically
connected to the RF transmission layer. The conductor extends generally orthogonal to
the RF transmission layer. The assembly comprises an open coaxial structure located
adjacent to an edge of the RF transmission layer. The open coaxial structure
comprises a cavity extending therethrough for receiving the conductor. The cavity
comprises an opening facing the edge of the RF transmission layer so as to direct
electromagnetic radiation towards the RF transmission layer. Optionally, at least a
portion of the open coaxial structure extends in the plane of the RF transmission layer.

The cavity of the open coaxial structure guides the electromagnetic field generated by
radiofrequency structure across the angled transition such that losses through
microwave emission can be reduced. Electrical losses at the interfaces of the
conducting elements are also reduced by the guidance effect, thereby improving RF
transmission through the angled transition.

The guidance of the electromagnetic field provided by the cavity of the open coaxial
structure can be varied by altering the size and shape of the cavity. For example, the
cavity may have a cross section corresponding to a circular segment and the angle
enclosed by the cavity may be greater than 180° As another example, an angle of
between about 180°and 340°, optionally about 240°, may be used.
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The open coaxial structure may further comprise one or more ground interconnections
between the open coaxial structure and one or more grounding regions associated with

the RF transmission layer.

The cavity of the open coaxial structure may extend beyond an end of the conductor
adjacent to the RF transmission layer to improve the guidance of the electromagnetic
field. For example, the cavity of the open coaxial structure may extend beyond the end
of the conductor by a length of at least the radius of the cavity.

The open coaxial structure may be provided with one or more stepped grounding
regions adjacent to the conducting layer which are approximately coplanar with one or
more grounding regions of the conducting layer. Grounded interconnections may then
be made between the one or more stepped grounding regions and one or more

grounding regions of the conducting layer.

The RF transition may be used in a package for an electronic device, including for

example, an electro-optical modulator.

In accordance with another aspect of the present invention there is provided an
electronic device comprising an RF substrate mounted on a face of a package body.
An RF transmission layer is mounted on the RF substrate such that the RF substrate
forms a layer between the RF transmission layer and the package body. A conductor is
electrically connected to the radiofrequency transmission layer and extends through the
package body in a direction generally orthogonal to the RF transmission layer. An open
coaxial structure is mounted on the face of the package body adjacent to an edge of
the RF transmission layer. The open coaxial structure comprises a cavity extending
therethrough for receiving the conductor. The cavity comprises an opening facing the
edge of the radiofrequency transmission layer so as to direct electromagnetic radiation

towards the radiofrequency transmission layer.

In accordance with another aspect of the present invention there is provided an RF
transition assembly for enabling radiofrequency transitions between a stacked
arrangement of RF transmission layers and a conductor. The conductor is electrically
connected to each RF transmission layer and extends generally orthogonal to the

stacked arrangement of RF transmission layers. An open coaxial structure is located
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adjacent to the stacked arrangement of RF transmission layers and comprises a cavity
extending therethrough for receiving the conductor. The cavity comprises one or more
openings facing the edges of the RF transmission layers so as to direct
electromagnetic radiation towards each of the RF transmission layers.

BRIEF DESCRIPTION OF THE DRAWINGS

Some preferred embodiments of the invention will now be described by way of example
only and with reference to the accompanying drawings, in which:

FIG. 1 is a perspective view of a conventional RF transition involving a substrate

mounted RF circuit and a coaxial glass bead;

FIG. 2 is a section view of the RF transition shown in FIG. 1;

FIG. 3 is a perspective view of an RF transition comprising an open coaxial structure;

FIG. 4 is a perspective view of an RF transition in which the open coaxial structure is
grounded;

FIG. 5 is a perspective view of a further RF transition in which the open coaxial

structure is grounded;

FIG. 6 is a perspective view of an alternative RF transition having an open coaxial

structure; and

FIG. 7 is a perspective view of a further alternative RF transition.

DETAILED DESCRIPTION

FIG. 1 is a perspective view of a 90° radiofrequency transition 100 known in the art in
which an upper RF transmission layer 101, such as a transmission line or RF circuit,
mounted in or on an RF substrate 103 is interconnected to a coaxial glass bead (not
shown in Figure 1). The RF substrate 103 is disposed on the upper surface of a

package body 105, whilst an external RF transmission layer 107, such as a flexible
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circuit, is located on the lower surface of the package body 105. In order to allow
transmission of an RF signal from the external RF transmission layer 107 to the upper
RF transmission layer 101, the external RF transmission layer 107 and the RF circuit
101 are electrically connected by a pin or central conductor 109 of the coaxial glass
bead which passes vertically through the RF substrate 103 and the package body 105,
and into the external RF transmission layer 107. The upper RF transmission layer101
is connected to the central conductor 109 by a solder interconnection 111 to form the
RF transition with an angle of 90°.

It will be appreciated that “upper” and “lower” are relative terms, used with respect to
the package body 105 as illustrated in the drawings. In use, the device or apparatus

may be oriented in any direction.

FIG. 2 is a section view of the 90° RF transition 100 shown in FIG. 1. The coaxial glass
bead 202 has a cylindrical body formed of an insulating material and provided with a
central bore through which the central conductor 109 is securely mounted. The coaxial
glass bead 202 is itself fixed within a void of the package body 105 located between
the RF substrate 103 and the external RF transmission layer 107. There may be
additional voids 206, 208, in the package body 105 located above and/or below the
body of the coaxial glass bead 202 which also serve to insulate the central conductor
109 from the package body 205. The central conductor 109 is electrically connected to

the RF circuit by a solder interconnection 2183.

FIG. 3 shows a perspective view of an exemplary RF transition 300. In this
arrangement, an open coaxial structure 313 is mounted on an upper face of a package
body 305 adjacent to an RF transmission layer 301 mounted on an RF substrate 303,
which is itself mounted on the upper face of the package body 305. In this example the
open coaxial structure 313 is shown as a layer formed on the upper face of the
package body 305. The upper end of a central conductor 309 of a coaxial glass bead
(not shown in Figure 3) is also located adjacent to the RF transmission layer 301 and
accommodated within a cavity 315 formed in the open coaxial structure 313. The cavity
315 of the open coaxial structure 313 comprises an opening facing the RF transmission
layer 301 and may have a cross section corresponding to a circular segment. For
example, the cavity 325 may be a cylindrical segment formed by truncating a cylinder

in a plane parallel to the axis of the cylinder. The central conductor 309 of the coaxial
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glass bead and the RF transmission layer 301 may be interconnected by a bonding
interconnection 317, such as a ribbon or wire bonding interconnection, or an alternative
interconnection technique may be used. In the example shown here, the central
conductor 309, the RF transmission layer 301 and the open coaxial structure 313
extend to a similar height above the upper surface of the package body 305.

The cavity 315 of the open coaxial structure 313 guides the electromagnetic field
across the 90° angle from the central conductor 309 of the coaxial glass bead towards
the RF transmission layer 301, thereby improving the transition feature by reducing RF
electrical losses, and leading to improvements in circuit (and device) electrical
performance. The angled transition is not limited to a 90° transition and the present

invention may also be used for angled transitions of greater than or less than 90°.

The open coaxial structure may be formed from a conductive material or from a
dielectric or ceramic which is plated with a conductive material. The open coaxial

structure may also be integrated with a conducting package body.

The cavity 315 of the open coaxial structure 313 may enclose an angle of 180° as
would be the case for a semi-cylindrical cavity, or the cavity 315 may enclose an angle

that is greater than 0° and less than 360°.

The cavity 315 may enclose an angle greater than 180° as it has been found that this is
particularly beneficial in guiding the electromagnetic field. The optimal size or shape of
the cavity 313 or the optimal angle enclosed by the cavity 313 may depend on the
diameter of the central conductor 309, the material from which the open coaxial
structure 313 is formed and any RF performance requirement, such a particular
impedance or required transmission frequency. An angle of about 240° has been found
to be particularly suitable in forming a 50 Ohm RF transition, for example.

FIG. 4 illustrates a modification to the arrangement of Figure 3 in which the open
coaxial structure 313 is electrically grounded to one or more grounding regions 419
located adjacent to the RF transmission layer 301 on the upper surface of the substrate
303. The electrical grounding may be provided by one or more ground interconnections
421 extending between a grounding region 419 of the RF substrate 303 and the open

coaxial structure 313. In the arrangement shown here, as in Fig. 3, the cavity encloses
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more than 180° and this has the further beneficial effect of improving the ground
reporting between the open coaxial structure 313 and the grounding regions 419 by
minimising the length of the ground interconnections 421.

FIG. 5 illustrates a modification to the arrangement of Figure 4 in which the open
coaxial structure 513 is separated from the RF substrate 303 by a gap 510. In this
example, the cavity 515 of the open coaxial structure 313 encloses an angle of 180°

and the grounded interconnections 521 are wire interconnections.

FIG. 6 shows an alternative arrangement for an RF transition 600, in which the open
coaxial structure 613 extends in a direction away from the upper surface of the
package body 305 such that the open coaxial structure 613 extends above the upper
end of the central conductor 309. In this arrangement, the end of the central conductor
309 and the RF transmission layer 301 are a similar height above the upper surface of
the package body 305. The extended height of the open coaxial structure 513 with
respect to the central conductor 309 produces an additional guidance effect for the
electromagnetic field associated with the RF transition. The height h of the open
coaxial structure 513 with respect to the central conductor may be optimised to improve
the performance of the RF transition such that the height h of the open coaxial
structure 613 is approximately equal to or greater than the radius r of the cavity 615
formed in the open coaxial structure 613. Additional height beyond about h=1.1r has

relatively small additional benefit.

FIG. 7 illustrates a further modification of the arrangement of Figure 6, in which the
upper surface of the open coaxial structure 713 comprises one or more stepped
grounding regions 723 adjacent to the substrate 303 which are lower in height than the
remainder of the open coaxial structure 713. Preferably, the one or more stepped
grounding regions 723 of the open coaxial structure 713 should be located adjacent to
a grounding region 419 of the RF substrate 303 to minimise the length of the grounding
interconnections 521 and facilitate ground reporting.

Although the various RF transition assemblies have been exemplified using a coaxial
glass bead, alternative conducting structures known in the art can also be used.
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While various embodiments of the present invention have been described above, it
should be understood that they have been presented by way of example, and not
limitation. It would be apparent to one skilled in the relevant art(s) that various changes
in form and detail could be made therein without departing from the spirit and scope of
the invention. Thus, the present invention should not be limited by any of the above-
described exemplary embodiments, but should be defined only in accordance with the
following claims and their equivalents.



10

15

20

25

30

35

WO 2017/187142 PCT/GB2017/051127

CLAIMS:

1. An RF transition assembly for enabling a radiofrequency transition between an
RF transmission layer of an electronic device and a conductor extending generally
orthogonal to the RF transmission layer and being electrically connected to the RF
transmission layer, the assembly comprising:

an open coaxial structure located adjacent to an edge of the RF transmission
layer and comprising a cavity extending therethrough for receiving the conductor, the
cavity comprising an opening facing the edge of the RF transmission layer so as to

direct electromagnetic radiation towards the RF transmission layer.

2. The assembly of claim 1, wherein the cavity of the open coaxial structure has a

cross section corresponding to a circular segment.

3. The assembly of claim 1 or 2, wherein a cross section of the cavity of the open

coaxial structure encloses an angle greater than 180°.

4. The assembly of claim 1, 2 or 3, wherein a cross section of the cavity of the
open coaxial structure encloses an angle between about 180° and about 340°

optionally of about 240°,

5. The assembly of any preceding claim, further comprising one or more ground
interconnections between the open coaxial structure and one or more grounding

regions of the radiofrequency transmission layer.

6. The assembly of any preceding claim, wherein at least a portion of the open
coaxial structure extends in the plane of the RF transmission layer.

7. The assembly of any preceding claim, wherein the cavity of the open coaxial
structure extends beyond an end of the conductor adjacent to the edge of the RF

transmission layer.

8. The assembly of any preceding claim, wherein the cavity of the open coaxial
structure extends beyond the end of the conductor adjacent to the RF transmission

layer by a length of at least a radius of the cavity.
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9. The assembly of claim 6 or claim 7, wherein the end of the conductor adjacent
to the RF transmission layer is enclosed within the cavity of the open coaxial structure
by a portion of the open coaxial structure extending in a direction generally orthogonal
to the conductor.

10. The assembly of claims 7 to 9, wherein the open coaxial structure further
comprises one or more stepped grounding regions adjacent to the RF transmission
layer which are approximately coplanar with one or more grounding regions of the RF
transmission layer; the radiofrequency transition further comprising one or more
grounded interconnections between the one or more stepped grounding regions and

the one or more grounding regions of the RF transmission layer.

11. A package for an electronic device, the package comprising an RF transition

assembly of any preceding claim.

12. An electro-optical modulator comprising an RF transition of any preceding

claim.

13. An electronic device comprising:

a package body;

an RF substrate mounted on a face of the package body;

an RF transmission layer mounted on the RF substrate such that the RF
substrate forms a layer between the RF transmission layer and the package body;

a conductor electrically connected to the RF transmission layer and which
extends through the package body in a direction generally orthogonal to the RF
transmission layer;

an open coaxial structure mounted on the face of the package body adjacent to
an edge of the radiofrequency transmission layer and comprising a cavity extending
therethrough for receiving the conductor, the cavity comprising an opening facing the
edge of the radiofrequency transmission layer so as to direct electromagnetic radiation
towards the radiofrequency transmission layer.



WO 2017/187142

1/7

109

Figure 1

PCT/GB2017/051127

105



WO 2017/187142 PCT/GB2017/051127

2/7

100

109

103 111

206

202

105

Figure 2



WO 2017/187142 PCT/GB2017/051127

3/7

313

305

Figure 3



WO 2017/187142 PCT/GB2017/051127

4/7

421
313

419

301 i

Figure 4



WO 2017/187142 PCT/GB2017/051127

521 313

510

515

L
/

Figure 5



PCT/GB2017/051127

WO 2017/187142

6/7

301

Figure 6



WO 2017/187142 PCT/GB2017/051127

600

723 521

419

303

Figure 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2017/051127

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO5K1/02 HO1P5/08
ADD. HO1R13/00 HO1R24/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO5K HO1P HO1R

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

4 September 1973 (1973-09-04)
the whole document

>

18 October 1994 (1994-10-18)
the whole document

> @ »<

paragraphs [0044] - [0047],
[6077]; figures 3B,5B,5C

» <

US 3 757 272 A (LARAMEE R ET AL)

US 5 356 298 A (VOSS JOHN D [US] ET AL)

US 2004/038587 Al (YEUNG HUBERT K [US] ET
AL) 26 February 2004 (2004-02-26)

1-13

[0075] -

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

29 June 2017

Date of mailing of the international search report

11/07/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Zimmer, René

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2017/051127

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

T

KEEN K M: "CHARACTERISTIC IMPEDANCE OF
DIELECTRIC-FILLED SLOTTED COAXIAL
TRANSMISSION LINE",

PROCEEDINGS OF THE INSTITUTION OF
ELECTRICAL ENGINEERS, INSTITUTION OF
ELECTRICAL ENGINEERS. STEVENAGE, GB,
vol. 123, no. 10,

1 October 1976 (1976-10-01), pages
981-983, XP002012428,

ISSN: 0020-3270

the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2017/051127
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 3757272 A 04-09-1973 DE 2335501 Al 31-01-1974
GB 1384034 A 19-02-1975
IT 985764 B 20-12-1974
JP 54951588 A 18-05-1974
JP $5128835 B2 21-08-1976
US 3757272 A 04-09-1973
US 5356298 A 18-10-1994  NONE
US 2004038587 Al 26-02-2004  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

