(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

T 0 0O O 0

(10) International Publication Number

28 December 2000 (28.12.2000) PCT WO 00/79846 A1l

(51) International Patent Classification’: HOSK 1/00 (81) Designated States (hational): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE,
(21) International Application Number:  PCT/SE00/01012 DK, DM, DZ, EE, ES, Fl, GB, GD, GE, GH, GM, HR, HU,
ID, 1L, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS,
A . LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO,
(22) International Flllllg Date: 13 June 2000 (13062000) NZ,PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR,

TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW.

(25) Filing Language: English

(84) Designated States (regional): ARIPO patent (GH, GM,
(26) Publication Language: English KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian

(30) Priority Data:

9902302-0 17 June 1999 (17.06.1999) SE

(71) Applicant: TELEFONAKTIEBOLAGET LM ERICS-
SON (publ) [SE/SE]; S-126 25 Stockholm (SE).

(72) Inventors: ALBINSSON, Bjorn; Anders Mattssonsgatan
38, S-415 06 Goteborg (SE). HARJU, Thomas; Stora
Skogsvigen 31, $-433 70 Savedalen (SE).

(74) Agent: ERICSSON RADIO SYSTEMS AB; Common
Patent Department, S-164 80 Stockholm (SE).

patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FL, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,
CIL, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:

—  With international search report.

—  Before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments.

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: TRANSITION BETWEEN SYMMETRIC STRIPLINE AND ASYMMETRIC STRIPLINE

(2

A0 O A 0

0O 00/79846 Al

(57) Abstract: The present invention relates to an arrangement in multilayer printed circuit boards, with the aim of improving match-
ing in transitions between symmetric striplines (3) and asymmetric striplines (4). The requirement of a converpad (6) for contact

between the via (5) and the asymmetric stripline (4) for dimension reasons among other things, results in matching problems. In
order to avoid this problem, the earth plane (7, 10) nearest the transition is moved away in the proximity of the via (5).



10

15

20

25

30

WO 00/79846 PCT/SE00/01012

1

TRANSITION BETWEEN SYMMETRIC STRIPLINE AND ASYMMETRIC
STRIPLINE

FIELD OF INVENTION

The present invention relates to multilayer printed circuit
boards, and more specifically to a transition between

symmetric and asymmetric striplines in such boards.
BACKGROUND OF THE INVENTION

Many different sorts of multilayer printed ciréuit boards are
known to the art. LTCC (Low Temperature Co-fired Ceramic) will
be used hereinafter as an example, although it will be
understood that the invention can also be applied in other

types of multilayer printed circuit boards.

Briefly, multilayer printed circuit boards are manufactured in
the following way. There is obtained on the basis of a printed
circuit board design a drawing that contains necessary
information, such as the number of layers, the appearance and
dimensions of the patterns on the various layers, the
locations at which different layers shall contact one another,

and so on.

Each layer per se is rolled out from a ceramic mass to a
predetermined thickness on a plastic film; this is a so-called
tape. Different patterns are punched from these tapes in
accordance with the design; among other things, the outer
edges of the board, the marks that are later used to match the
layers together, and holes for binding different layers

together with so-called vias.
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Subsequent to configuring the layers, the via holes are filled
with a suitable conductive material. The patterns are then
printed on each of the layers. A common method in this respect
is to use screen printing to correctly position the
conductors. These conductors may consist of gold, silver or
some other suitable conductive material. When the patterns are
in place, the various layers are placed one upon the other

until all layers are in position.

The whole of the printed circuit board is then placed under
pressure, inserted into an oven and baked immediately (Co-
fired) at a relatively low temperature, 700-800 degrees
centigrade (Low Temperature), wherewith the ceramic mass 1is
sintered and transformed to a ceramic. Subsequent to this
curing or hardening process, it is usual to speak of layers

instead of tapes.

In the case of applications for high frequency signals,
particularly within the microwave field, it 1is not always
possible to use traditional conductors, since this would
result 1n unacceptable 1losses and disturbances. A normal
requirement in the case of microwave signals is the presence
of an earth plane above or beneath a conductor, this earth
plane following the conductor. When a conductor only has an
earth plane on one side it is called a microstrip. These
strips are normally arranged so that they have the printed
circuit board on one side and air or a corresponding
dielectric on the other side. In other cases, it is desirable
that the conductor is surrounded by both an upper and a lower
earth plane, this conductor then being called a stripline.
When the distances between a stripline and the earth planes
are the same on both sides of the conductor, it is said that
the stripline is symmetrical. When these distances are

mutually different, the stripline is said to be asymmetrical.
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Although symmetric striplines are the most common, there are
occasions when an asymmetric stripline 1is preferred; for
instance, the performance of a transition becomes poorer the
greater the distance between the two striplines. Consequently,
a transition between an asymmetric stripline close to an earth
plane to an asymmetric stripline that is close to the other
side of the earth plane may be more effective than a
transition between two symmetric striplines. The transition
between symmetric and asymmetric striplines is sometimes made
between the same earth planes, which, in principle, is what is

shown in Figure 1.

One advantage afforded by striplines 1is that radiation from
the conductors is small when, e.g., transmitting signals in
the microwave range in so-called stripline-mode, which is one
reason why such signals are often transmitted in this way.
Microstrips and striplines can be easily provided in
multilayer printed circuit boards, and are consequently often
used to this end. In order to enable conductors to be
surrounded by earth planes, conductor planes and earth planes
are normally disposed alternately in the printed circuit

board.

It is necessary to follow special construction rules in the
production of multilayer printed circuit boards. For instance,
in order to satisfy the rules a given smallest tape thickness
is required for a smallest conductor width of a 50-ohm
conductor. The rules also require the diameter of the vias to
be in the same order of magnitude as the thickness of the
tape. Consequently, in the case of the transition shown 1in
Figure 1, the diameter of the via is greater than the width of
the asymmetric stripline. In order to compensate for this and
to ensure only a small margin of error so that the via will

safely meet the conductor, it is normal to place a cover pad
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on one end of the conductor; see Figure 2. The presence of the
cover pad results in. a mismatch between the via and the

conductor.

Mismatch problems do not actually occur in the case of low
frequency signals. Mismatch, however, is a problem in the case
of RF signals, for instance. Because it is otherwise usual to
conduct RF signals 1in a so-called stripline mode, which
reduces radiation from the conductors, it is desirable to

solve problems associated with mismatching.
SUMMARY OF THE INVENTION

The present invention addresses the problem of improving
matching in the transition between a symmetric and an

asymmetric stripline.

Accordingly, one object of the present invention is to provide
a transition between symmetric and asymmetric striplines that

results in good matching.

In brief, the present invention provides an arrangement with a
transition between a symmetric an asymmetric stripline in
which the earth plane closest to the transition is moved away

through the distance of one level in the proximity of the via.

The invention arrangement is characterised by the features set

forth in the accompanying Claim 1.

Advantageous embodiments of the inventive method will be

evident from the dependent Claims 2-8.

One advantage with this solution to the problem 1is that

transitions between symmetric and asymmetric striplines can be
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made with better matching, meaning that the printed circuit

board will perform better and have less losses.

The invention will now be described in more detail with
reference to preferred embodiments thereof and also with

reference to the accompanying drawing.
BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a cut-away view of a multilayer printed circuit
board and shows a transition between a symmetric and an

asymmetric stripline.

Figure 2 shows how a via meets the cover pad of a conductor,

as seen from above.

Figure 3 is a view similar to the view of Figure 1 showing the
inventive arrangement, i.e. local movement of the earth plane

in the proximity of the via and the cover pad.

DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 1 is a cut-away view of a multilayer printed circuit
board having a transition Dbetween a symmetric and an
asymmetric stripline. Reference numeral 1 identifies a number
of mutually stacked carrier elements, layers. The layers 1 are
shown separated by broken lines, in order to illustrate their
vertical extension. It will be seen that the layers 1 have
different thicknesses. The board may also include more layers
1 than those illustrated in Figure 1, in which only those
layers necessary for an understanding of the invention have

been shown.
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A conductor of some kind normally lies on at least part of
each layer 1. These conductors may be earth planes 2, 10,
symmetric striplines 3 and asymmetric striplines 4. Normally,
two earth planes 2, 10 are placed on respective sides of a
stripline 3, 4. Although Figure 1 shows only one pair of earth

planes 2, 10, the earth planes will often be more in number.

As earlier mentioned, a stripline 3 1is said to be symmetrical
when the distances to the nearest surrounding earth layers 2,
10 are mutually the same. On the other hand, the stripline 4
is said to be asymmetric when these distances are different. A
so-called via 5 is reguired to interconnect twé striplines in
different layers, for instance to connect a symmetric
stripline 3 withy an asymmetric stripline 4. The via 5 extends
through at least one layer and connects at each end to a

stripline 3, 4.

However, the construction rules for multilayer printed circuit
boards, for instance LTCC, have certain restrictions with
respect to conductor width, sizes of wvias 5, etc. A given
smallest conductive width for, e.g., a b50-ohm conductor
requires a given smallest layer thickness. As the rules also
require the vias 5 to have the same size as the thickness of
the layer 1, this determines, in turn, the diameter of the
vias 5. This can mean that the diameter of the wvia 5 will be

greater than the width of the asymmetric stripline 4.

Figure 2 illustrates a method of compensating for a via
diameter that is greater than the width d; of the asymmetric
stripline 4, this method also providing a small error margin
that will ensure that the via 5 is safely connected to the
asymmetric stripline 4. One end of the asymmetric stripline 4
is provided with a so-called coverpad 6 which is placed so

that the via 5 connects with the coverpad 6. When the diameter
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d, of the coverpad 6 1is greater than the width d; of the
asymmetric stripline 4, & mismatch occurs therebetween, since
their impedances are different. The degree of mismatch 1is
dependent on the quotient g=d;/d; between the diameter d, of
the cover pad 6 and the width d; of the asymmetric stripline 4.
The greater this difference in size, i.e. the smaller that g
is, the poorer the match in the transition between coverpad 6

and asymmetric stripline 4.

Figure 3 is a view similar to Figure 1 illustrating the
inventive arrangement. Similar to Figure . 1, Figure 3
illustrates a number of layers 1, these layers being one more
than earlier mentioned for the reason given below. The two
striplines 3, 4 and the wvia 5 are unchanged, with the
exception that the coverpad 6 of the asymmetric stripline 4
has been shown, enlarged in comparison with Figure 2 for the
sake of illustration. The inventive arrangement involves an
alteration to the earth plane 10 that is located closest to
the asymmetric stripline 4. This earth plane 10 has a recessed

part 7 in the vicinity of the coverpad 6.

This recessed part 7 includes a longitudinally extending
recessed earth plane 8, and a number of vias 9 which connect
the recessed earth plane 8 with the remainder of the lower
earth plane 10. The vias 9 are generally perpendicular to both
the lower earth plane 10 and the recessed earth plane 8.
Because the match between cover pad 6 and asymmetric stripline
4 is improved when said pad and stripline are located at
different distances from the nearest earth plane 10, this
determines the construction of the recess part 7 to some
extent. A general description of an optimal design cannot be
given, because the construction of the recessed part 7 is
dependent on the thickness of the layers 1, the line width of

the conductors, the construction of the coverpad 6, the
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distance of the asymmetric stripline 4 from the earth plane 10
(d in Figure 3) and the aforesaid qguotient g among other
things. However, some general rules will be given hereinafter.
The recessed part 7 is most often centred on the centre point
of the coverpad 6. Normally, it is desirable that the recessed
part 7 reflects the design of the cover pad 6; for instance,
when the coverpad 6 has a circular, hexagonal, octagonal or
rectangular shape, the recessed part 7 will also be given a
similar shape. Furthermore, the distance of the coverpad 6
from the earth plane 10 can be increased both by increasing
the radius or cross-dimension of the recessedlpart 7 and by
placing the recessed earth plane 8 further away, i.e. through
a distance corresponding to more than one layer. Normally, the
more asymmetric the stripline 4 the greater the distance of

the coverpad 6 from the recessed part 7.

Because the lower conductor plane 10 in the recessed part 7 is
located further away from the coverpad 6, an improvement 1is
achieved in the match in the transition with the via 5 from
the symmetric stripline 3 to the asymmetric stripline 4. This

enhances the performance of the entire construction.

It will be understood that invention is not restricted to the
described and illustrated embodiments thereof, and that
modifications can be made within the scope of the accompanying

Claims.
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CLAIMS

A transition between a symmetric stripline (3) and an
asymmetric stripline (4) in which the via (5) between
said striplines (3, 4) connects with a coverpad (6)

connected to one end of the asymmetric stripline (4),

characterised in that an earth plane (10), which is
located nearest the asymmetric stripline (4), includes
around the extension of the wvia (5) in a direction
towards said earth plane (10), a section (7) that is

located further away from the asymmetric stripline (4)

than said earth plane (10) by a number of layers (1).

A transition according to Claim 1, characterised in that
said section (7) is configured so that its shape in the
longitudinal direction of the layers (1) will Dbe
essentially the same as the shape of the coverpad (6) in

said direction.

A transition according to Claim 2, characterised in that

the section (7) has a circular cross-section.

A transition according to Claim 2, characterised in that

the section (7) has an hexagonal cross-section.

A transition according to Claim 2, characterised in that

the section (7) has an octagonal cross-section.

A transition according to Claim 2, characterised in that

the section (7) has a rectangular cross-section.

A transition according to Claim 1, characterised in that
said section (7) includes a bottom part (8) and a number

of vias (9) that extend generally perpendicularly to said
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bottom part (8) and which place the bottom part (8) in

electrical contact with the earth plane (10).

A transition according to Claims 1-2, characterised in
that said section (7) is centred on the centre point of

the coverpad (6).



WO 00/79846 PCT/SE00/01012

v p s va z z ve va VA d— G— S— SR SR SN SE— —— S— S— A— — —— d— o sm— 2 |

10—y e S ]
A S ASNA A A
Fig. 1




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE 00/01012

A. CLASSIFICATION OF SUBJECT MATTER

IPC7: HO5K 1/00

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by

IPC7: HO5K, HO1L

classification symbols)

SE,DK,FI,NO classes as above

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

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.

A

Accession No. 1995-056104

JP 6334449 A (MATSUSHITA DENKI SANGYO KK) 1994-12-02
(abstract) World Patents Index (online).London,U.K.:
Derwent Publications, Ltd. (retrieved on 2000-10-13)
Retrieved from: EPO WPI Database OW199508,

& JP 6334449 A (MATSUCHITA ELECTRIC IND CO LTD)
1995-04-28 (abstract)(online)(retrieved on
2000~10-13) Retrieved from: EPQ PAJ Database

EP 0563873 A2 (MATSUSHITA ELECTRIC INDUSTRIAL CO.,
LTD), 6 October 1993 (06.10.93), figure 5

1-8

1-8

Further documents are listed in the continuation of Box

[l

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” erlier document 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

" &t

document member of the same patent family

Date of the actual completion of the international search

16 October 2000

Date of mailing of the international search report

18 -10- 2000

Name and mailing address of the ISA/
Swedish Patent Office

Box 5055, §-102 42 STOCKHOLM
+46 8 666 02 86

Facsimile No.

Authorized officer

Bertil Dahl1/ELY
Telephone No. +46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members
PCT/SE 00/01012

Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0563873 A2 06/10/93 DE 69318879 D,T 08/10/98
JP 6291520 A 18/10/94
us 5387888 A 07/02/95
JP 6291521 A 18/10/94

Form PCT/ISA/210 (patent family annex) (July 1992)



	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

