6/036918 A2 | IV VY 20 0 0 A0

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
6 April 2006 (06.04.2006)

7 3
PO |0 000000 0O O 0

(10) International Publication Number

WO 2006/036918 A2

(51) International Patent Classification:
HO5K 7/14 (2006.01)

(21) International Application Number:
PCT/US2005/034494

(22) International Filing Date:
26 September 2005 (26.09.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/952,103 28 September 2004 (28.09.2004) US

(71) Applicant (for all designated States except US): TERA-
DYNE, INC. [US/US]; 321 Harrison Avenue, Boston, MA
02118 (US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): HEARD, Christopher
S. [US/US]; 27 Hillside Drive, Brookline, NH 03033 (US).

(74) Agents: NOLL, Kathryn E. et al.; Teradyne, Inc., 321
Harrison Avenue, Boston, MA 02118 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
without international search report and to be republished
upon receipt of that report

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: BACKPLANE WITH ROUTING TO REDUCE LAYER COUNT

@ (57) Abstract: An electronic system having a backplane designed for efficient routing of signal traces. The system includes two or
& more daughter cards that are connected to multiple other daughter cards in the system. These daughter cards are mounted centrally
A the backplane in the system. Connections between those two daughter cards and the backplane are made through electrical con-
nectors that are distributed in columns along the length of the daughter cards. The connectors are positioned with space between the
connectors. The space forms routing channels such that signals that must be connected to the central cards from a daughter cards on

=

either side may be routed through the routing channels.



10

15

20

25

30

WO 2006/036918 PCT/US2005/034494

Attorney Docket No.: 1769-PCT

BACKPLANE WITH ROUTING TO REDUCE LAYER COUNT

BACKGROUND OF INVENTION
L. Field of Invention

This application relates generally to electronic assemblies and more particularly
to printed circuit boards used in electronic assemblies.
2. Discussion of Related Art

Electronic systems are often manufactured using multiple printed circuit boards
called “daughter cards.” Each daughter card contains electronic circuitry. To assemble
the system, the daughter cards are installed in a card cage or other mechanical support
structure. Often, electrical connectors are mounted on the daughter cards to allow the
circuitry on each daughter card to connect to circuitry in other parts of the electronic
system. An example of a connector that is used on daughter cards is shown in US Patent
6,554,647 assigned to Teradyne, Inc. The assignee of that patent sells a connector under
the name of GbX®.

In a backplane-daughter card configuration, the electronic system includes a
printed circuit board called a “backplane.” The backplane has connectors on it that mate
with the connectors on each of the daughter cards. Conductive paths within the
backplane interconnect the connectors on the backplane so that electrical signals may be
routed from one daughter card to another.

In a complex electronic system, many signals mi ght be interconnected through
the backplane. Signal paths within printed circuit boards are created on conductive
traces that are laid out in layers. Backplanes with more connections than can fit on one
layer have multiple layers of conductive traces. It is not unusual for a backplane to have
10 layers or more, called “routing layers,” containing signal traces.

1t is desirable for a printed circuit board to have as few layers as possible. Boards
with more layers cost more to manufacture. Having more layers can also increase the
thickness of the board, which might undesirably increase the size of the system. Each
layer of signal traces is separated from the next layer of signal traces by a ground plane
to reduce interference between signals and all layers are separated by insulative material

to avoid shorting the conductors on adjacent layers. Accordingly, adding one layer of
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signal traces increases the thickness of the board by more than the thickness of the signal
traces.

Further, having a thicker board with interconnections between layers degrades the
integrity of signals transmitted on the board. To make a connection between a connector
mounted to a board and a signal trace within the board, a hole is drilled through the board
and plated with metal to make a “via” to the signal trace. The connector is attached to
the via near the surface of the board. The area where the attachment is made is called the
“signal launch.” Various forms of signal launches are known. For example, a pad
electronically connected to the plating in the via might be used as a signal launch for
surface mount connectors. Other connectors have press fit contact tails. Press fit contact
tails have compliant portions that may be forced into the vias. Regardless of the specific
construction of the signal launch, the amount of distortion introduced by a via is often
related to the thickness of the board.

In some circumstances, it is possible to limit the thickness of a printed circuit
board by making the signal traces thinner or closer together so that fewer routing layers
are required. There are, however, practical limits to the size and spacing of signal traces.
If the traces are too close together, signals on one trace might interfere with signals on
another trace, creating a form of distortion called “cross talk.”

In addition, narrow traces can increase the risk that the circuit board will be
manufactured with a defect that shorts two traces together or creates an open circuit.
Additionally, as the trace width decreases, the trace becomes more lossy, which can
further decrease the integrity of signals transmitted through the backplane. While the
negative effects of narrow traces can, to some extent, be overcome, techniques to avoid
these problems add manufacturing cost or complexity. For example, tighter controls in
the manufacturing process might be used to reduce the chance of defects. The board
might also be made with an insulative material that is less lossy than the FR4 or similar
material traditionally used to make printed circuit boards. However, special
manufacturing materials or processes add cost.

The need to reduce the number of routing layers is particularly important in
electronic systems such as routers and switches in which many signals are passed
between daughter cards. Thick backplanes are often needed to route the required number
of signals.

-2-
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A particularly challenging configuration is called the “star routed” configuration.
In the star routed configuration, a plurality of I/O cards are connected to cards in the
center of the backplane, called “switch cards.” A particularly challenging routing
configuration occurs in systems that use a redundant switch. The redundant switch
contains I/O cards that each interface to several lines from outside the switch. Each of
the /O cards is connected to a switch card. The switch card can connect any signal from
any I/O card to any I/O card so that signals may pass from any input to the switch to any
output of the switch. The switch card and the I/O card are positioned as daughter cards.
The connections between these cards is provided through a backplane.

The need to connect so many signals to the switch card requires many routing
layers in the backplane. In a redundant switch, the number of signals that must pass
through the backplane is even greater. A redundant switch includes a second switch
card. Signals from each I/O card are also connected to the second switch card, which can
perform all the operations of the first switch card, if the first switch card fails.
Accordingly, the number of signals that must pass through the backplane of a redundant
switch is double that of an ordinary switch.

It would be desirable} to construct a backplane requiring a small number of
routing layers for a redundant switch or other electronic systems with a large number of

interconnections.

SUMMARY OF INVENTION
In one aspect, the invention relates to a backplane comprising a side region with a first
plurality of signal launches positioned in a first plurality of groups. The signal launches
in each of the first plurality of groups are positioned for interconnection to at least one
electrical connector. The backplane also includes a central region adjacent the side
region having a second plurality of signal launches positioned in a second plurality of
groups. The signal launches in each of the second plurality of groups are positioned for
interconnection to at least one electrical connector, with each of the groups of the second
plurality of signal launches disposed in at least a first column and a second column. In
addition, the backplane has a plurality of groups of signal traces, each having a first end
and a second end. For each group of signal traces, the first ends of the traces in the

group are connected to a signal launch in a group in the first plurality of groups. For a
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first portion of the traces in the group, the second ends of the traces are connected to
signal launches in a group in the first column. For a second portion of the traces in the
group, the traces are routed between groups of signal launches in the first column and the
second ends of the traces are connected to signal launches in a group in the second
column.

In another aspect, the invention relates to a backplane that has a first
plurality of groups of backplane connector modules, including at least a first central
group and a second central group. Each group is disposed in a column, with the columns
being parallel. Each connector module has a plurality of contact tails and the connector
modules are positioned to leave spaces between modules in each column. The backplane
includes a second plurality of groups of backplane connector modules, each group
disposed in a column parallel to the columns of the first plurality of groups. The
columns are on a first side of the first central group and the second central group. The
backplane has a third plurality of groups of backplane connector modules, with each
group disposed in a column. The columns are parallel to the columns of the first
plurality of groups The columns are on a second side of the first central group and the
second central group. A first plurality of groups of signal traces connects contact tails of
a first module in each of the second plurality of groups to contact tails of a module in the
first central group. A second plurality of groups of signal traces connects contact tails of
a second module in each of the second plurality of groups to contact tails of a module in
the second central group. Each group of signal traces in the second plurality of groups
passes through a space betweén adjacent connector modules in the first central group. A
third plurality of groups of signal traces connects contact tails of a first module in each of
the third plurality of groups to contact tails of a module in the second central group. A
fourth plurality of groups of signal traces connects contact tails of a second module in
each of the third plurality of groups to contact tails of a module in the first central group.
Each group of signal traces in the fourth plurality of groups passes through a space
between adjacent connector modules in the second central group.

In yet another aspect the invention relates to a method of designing a backplane
for an electronic system having a plurality of first type daughter cards, each having a
plurality of connections to at least two second type daughter cards. Each first type

daughter card is connected to the backplane at a point that is nearer to the connection
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point for one of the second type daughter cards than to the connection point for another
of the second type daughter cards. The method involves generating a schematic for the
backplane; generating a netlist from the schematic; back annotating the schematic to
direct traces carrying signals from a daughter card to a further one of the second type
daughter cards to pass in groups through routing channels between connectors for
attaching to a nearer one of the second type daughter cards; and re-generating the netlist

from the back annotated netlist.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various
figures is represented by a like numeral. For purposes of clarity, not every component
may be labeled in every drawing. In the drawings:

FIG. 1 is a sketch of a redundant switch;

FIG. 2A is a block diagram illustrating interconnections through the backplane of
the switch of FIG. 1;

FIG. 2B is a sketch illustrating a connector footprint for a connector in FIG. 2A;

FIG. 3 is a sketch showing routing traces within the backplane of a redundant
switch;

FIG. 4 is a sketch showing an enlarged view of a group of traces of FIG. 3; and

FIG. 5 is a flow chart illustrating design process of the backplane of the system of
FIG. 1.

DETAILED DESCRIPTION
This invention is not limited in its application to the details of construction and
the arrangement of components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and of being practiced or of
being carried out in various ways. Also, the phraseology and terminology used herein is
for the purpose of description and should not be regarded as limiting. The use of

“including,” “comprising,” or “having,” “containing,” “involving,” and variations thereof
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herein, is meant to encompass the items listed thereafter and equivalents thereof as well
as additional items.

FIG. 1 is a sketch of an electronic system, here illustrated as switch 100. In the
described embodiment, switch 100 is a redundant switch.

Switch 100 includes a backplane 110 (shown in phantom). Daughter cards are
inserted into connectors on backplane 110. In FIG. 1, two types of daughter cards are
shown. One type of daughter card is an I/O card such as 120A, 120B...120H. Each of
the I/O cards include one or more I/O connectors 124. Each IO connector 124 allows
external lines to be connected to switch 100. In a contemplated embodiment, signals
connected through I/O connector 124 are high speed digital signals such as might be used
on a computer network. However, the specific type or application of the signals that pass
through connector 124 is not critical to the invention. Preferably, each I/O connector 124
allows multiple external signals to be connected to each I/O card.

Switch 100 also includes a switch card, such as switch card 130A. Switch card
130A includes circuitry that can connect any input signal line to any output signal line.

Signals to be processed by switch 100 enter the system through one of the I/O
connectors 124. The signals are initially processed by the I/O card 120A...120H on
which the I/O connector 124 is mounted. The signals are then passed through backplane
110 to switch card 130A. Switch card 130A directs the received signal to one of the /O
cards 120A...120H. The signal is then routed back through backplane 110 to the
appropriate one of the I/O cards 120A...120H. Upon receiving the signal, circuitry on |
the /O card outputs the signal through the appropriate I/O connector. In this way, the
signal on any of the input lines may be routed to any of the output lines through switch
100.

In FIG. 1, switch 100 is shown as a redundant switch. In addition to switch card
130A, switch 100 includes a switch card 130B. In this embodiment, switch card 130B is
functionally identical to switch card 130A. However, switch card 130B operates only if
a malfunction in switch card 130A is detected. Nonetheless, switch card 130B must be
connected to each of the I/O cards 120A...120H in the same way that switch card 130A
is connected to the I/O cards.

As in a conventional electronic system, signals are routed through baékplane 100

using conductive traces on multiple layers in backplane 110. Connections to those traces
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are made through separable electrical connectors, such as the GbX® connector sold by
Teradyne Connection Systems of Nashua, New Hampshire. GbX® connectors are two-
piece electrical connectors with a backplane portion of the connector for mounting to the
backplane and a daughter card portion of the connector for mounting to one of the
daughter cards.

In the embodiment of FIG. 1, each of the I/O cards 120A....120H has a daughter
card connector 126A...126H. Each of the switch cards has a daughter card connector
136A and 136B. Daughter card connectors 136A and 136B are shown to be larger than
daughter card connectors 126A...126H to accommodate the larger number of signals
routed to each of the switch cards 130A and 130B. GbX® connectors are modular,
allowing connectors with the desired number of contacts to be readily provided. The
modular connector system also allows flexibility in positioning the modules on the
printed circuit board. The modules may be mounted to a support member to form a
connector assembly before attachment to the printed circuit board. Accordingly, a
collection of connector modules might be regarded as a single connector or as multiple
comnectors. As used herein, the term “connector” encompasses either possibility unless
otherwise indicated. Backplane 110 includes complementary backplane connectors to
mate with the daughter card connectors 126A....126H and 136A and 136B.

FIG. 2A shows in schematic form the interconnections provided by backplane
110. Backplane 110 is here shown with a left side 210 and a right side 212. Left side
210 includes backplane connectors 220A...220D. Each of the backplane connectors
220A...220D is positioned to mate with a corresponding daughter card connector on one
of the I/O cards 120A....120D.

Right side 212 includes a corresponding set of backplane connectors
220E...220H, which are positioned to mate with daughter card connectors on the
corresponding I/O cards 120E...120H.

Left side 210 and right side 212 are separated by two columns, 236A and 236B.
Each column includes multiple backplane connectors. In FIG. 2A, column 236A is
shown to include backplane connectors 240, 240,...2409 (of which only 240,, 240,, and
240y are numbered for simplicity). Column 236B is shown to include backplane
connectors 242, 242;...242, (of which only 242;, 242,, and 2429 are numbered for

simplicity). The backplane connectors in column 236A are positioned to mate with
-7 -
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corresponding daughter card connectors on switch card 130A and the backplane
connectors in column 236B are positioned to mate with corresponding daughter card
connectors on switch card 130B.

Column 236A and 236B are shown to contain backplane connectors labeled “L.”
The backplane connectors L represent connectors adapted to carry low speed signals.

As described above, each of the I/O cards 120A....120H is connected to each of
the switch cards 130A and 130B. Backplane 110 includes groups of traces 230,...230s.
Each group of traces 230;...2305 connects one of the I/O cards to each of the switch
cards 130A and 130B. Accordingly each group of traces 230;...2305 includes two
portions.

Taking group 230 as illustrative, group 230; has portions 230, and 230;g.
Portion 230, 4 is shown making a connection to a connector in column 236A and portion
230;p is shown making connection to a connector in column 236B. Portion 230,g must
pass through column 236A to reach column 236B. The connectors 240);.. 2405 in
column 236A are positioned with routing channels, such as 248, between adjacent
connectors. Each routing channel 248 is sized to allow a portion of the group of traces to
pass through column 236A.

Each of the other groups of traces 230,...230, on the left side 210 of backplane
110 has similar pattern of traces. Each of the groups includes a portion making
connections to a connector in column 236A and a second portion that passes through a
routing channel in column 236A to make connection to a connector in column 236B.

Right side 212 has a similar configuration. Backplane connectors 220E. ..220H
are positioned to align with daughter card connectors on I/O cards 120E...120H. Each
of the connector locations has associated with it a group of traces 230s...23 0g. Taking
group 2305 as illustrative, each groﬁp contains a first portion such as 230z, and a second
portion such as 230gz. Portion 230z, is connected to column 236B. 236gg passes
through column 236B and makes connection to a connector in column 236A.

In this way, connections are provided through backplane 110 to connect each of
the I/O cards 120A...120H to each of the switch cards 130A and 130B.

FIG. 2A illustrates each backplane connector 220A...220H as a single unit.
However, multiple connectors might be used to make a connection to each of the I/O

cards. Because the GbX® connector system is a modular connector system, the
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connectors illustrated at 220A....220H may be formed from multiple connector modules,
depending on the number of signals connected to each of the I/O cards. The connector
modules may be mounted with or without spacing between the modules and modules for
carrying low speed signals might be used in conjunction with modules carrying high
speed signals.

Likewise, the columns of backplane connectors 236A and 236B are each shown
to have multiple backplane connectors such as 240;...240, Each connector might be
made as a single piece or assembled from multiple connector modules. Where each of
the connectors 240;...240, or 242,...2429 is made of multiple modules, the modules
might be mounted with or without spacing between them. The connector modules in
each column 236A and 236B might be tied together into subassembly before being
attached to backplane 110.

FIG. 2A depicts backplane 110 in a single plane. Ina contemplated embodiment,
backplane 110 is formed with multiple layers as in conventional in backplane
construction. Each group of traces may include traces on multiple routing layers in the
backplane. Preferably, the routing channels 248 between the connectors in columns
236A and 236B accommodate all of the traces in one portion of each group, such as
portion 230;p, with a small number of routing layers in backplane 110. In one
contemplated embodiment, backplane 110 will have less than ten routing layers. More
preferably, backplane 110 will have five or fewer routing layers. In one contemplated
embodiment, backplane 110 has three routing layers.

Each connector illustrated in FIG. 2A, such as 220A...220H or 240; or 2409 or
242,...242,, has contact tails that make connection to the traces in backplane 110 through
signal launches. FIG. 2B shows a group of signal launches that forms a connector
footprint 250. Bach signal launch is implemented as a via 252. The via is formed from a
hole drilled through a signal trace and then plated with metal. The metal plating makes
electrical connection to the trace in backplane 110. A contact tails pressed into the via
makes electrical connection to the trace through the conductive plating.

Footprint 250 may represent the footprint of one module of a connector such as
the GbX® connector. As described above, each of the connectors on backplane 110
might be made of multiple contiguous modules or modules with spaces in between them.
Leaving spaces between modules generally creates an area of the printed circuit board

-9-
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through which signal traces may be routed, such as routing channels 248 (FIG. 2A). In
footprint 250, the vias 252 may be spaced to allow traces to be routed between adjacent
vias. However, it is generally desired to keep the connectors as compact as possible.
Here, the on center spacing between vias is 2mm or less. In one contemplated
embodiment, the spacing is about 1.85mm. Footprint 250 is pictured to be symmetrical,
meaning that the spacing between vias in the row and the column direction is about the
same. Though traces might be routed in the space between the vias 252 of footprint 250,
that space will likely be occupied by traces connecting to the vias in footprint 250.

FIG. 3 shows the conductive traces inside a backplane 310 such as they might be
laid out in an actual implementation of the backplane. Backplane 310 includes connector
locations 320;, 320, and 320; for backplane connectors to connect with three I/O cards
on the left side of backplane 310. Backplane 310 includes connectbr locations 3204 and
3205 for backplane connectors to connect to I/O cards on the right side of backplane 310.

Backplane 310 includes a column 336A of connector locations (of which only
340, and 340, are numbered for simplicity). Backplane 310 also includes a column
336B of connector locations (of which only 342; and 342;¢ are numbered for simplicity).
Columns 336A and 336B provide backplane connectors to connect with two switch
cards.

Each of the connector locations includes one or more groups of via holes for
mounting the connectors. For example, connector location 320, includes multiple groups
of vias in the shape of the connector footprint 250 (FIG. 2), of which group 350, is
numbered. Each of the connector locations in columns 336A and 336B likewise includes
a group of signal launches where a connector may be connected to backplane 310. For
example, connector location 342, contains a group 350, of signal launches in the form of
footprint 250 (FIG. 2B).

As in FIG. 2A, the connector locations that make up columns 336A and 336B are
positioned to leave routing channels 248 between adjacent connector locations.

In the configuration of FIG. 3, each connector location for an I/O card, such as
connector location 320; or 3205 has two groups of signal traces connected to it. Traces

in one group might carry signals from an I/O card to a switch card and traces in the other

. group might carry signals to the switch card to the I/O card. However, the specific

allocation of signals to each trace is not critical. For example, groups 330 and 332 are
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connected to connector location 320;. As illustrated, signal traces in group 330 are
connected to vias in a connector footprint 350;. Traces in group 332 are connected to
vias in a connector footprint 350s.

Both groups 330 and 332 have two portions, such as portions 330, and 330;p.
Signal traces in each of the portions such as 33014 and 330;p are connected to a
connector location in either column 336A or 336B. To make a connection to a connector
location in the more distant column, the portion is routed through a routing channel in the
nearer column, such as routing channel 248. In this way, a relatively large number of
connections can be made using a relatively small number of routing layers.

Each column 336A and 336B is laid out to create at least as many routing
channels as there are daughter cards connected on the same side of the backplane. For
example, two boards are mounted on the same side of the backplane as column 336B.
Accordingly, column 336B is laid out with at least two routing channels 248. Preferably,
columns 336A and 336B will have the same configuration. Accordingly, the number of
routing channels may be defined by the side of the backplane having the most daughter
boards connected to it.

Furthermore, the number of routing channels might be influenced by the number
of connector modules needed to provide the required number of connections in each
column. In FIG. 3, one connector module is used to connect to each portion of a group
of traces. With five daughter boards shown, each providing two groups of traces, ten
connector modules are used in each column. Preferably, the connector modules are
evenly spaced, leaving nine routing channels between connector modules. Additional
routing channels might, as pictured in FIG. 3, be available at the ends of each column
336A and 336B.

FIG. 4 shows in greater detail the construction of a signal traces in routing
channel such as 248. FIG. 4 represents one layer of a routing channel. Where a routing
channel 248 is implemented on a board having multiple routing layers, the structure of
FIG. 4 might be duplicated on each routing layer.

In the illustrated embodiment, switch 100 operates on differential signals. Each
signal is carried on a pair of traces such as 430;, 430, 430;. Taking pair 430; as
illustrative, the pair contains signal traces 430, and 430;5. Each signal trace is formed

by metal, such as copper, patterned on a layer of the printed circuit board. Each trace
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such as 430, has a width W. The traces in the pair such as 43014 and 430, are
separated by an edge-to-edge distance D;. The pairs such as pair 430; and 430, are
separating by an edge-to-edge distance D,. Preferably, the spacings of the traces in the
routing channels 248 are selected to provide desirable signal transmission properties. In
the described embodiments, the signal traces are designed such that each pair such as
430, presents an impedance between 90Q and 110Q, with a preferred impedance of
about 100Q.

It is desirable that a backplane such as 110 or 310 be constructed of conventional
printed circuit board materials. Preferably, the backplane such as 110 or 310 is formed
from a material having a lost tangent between 0.007 and 0.025. Conventional materials
such as FR4 or Nelco 400013-SI might be used. With such a configuration, the width of
each trace, W, will be between 6 and 10 mils (0.15mm and 0.25mm). The spacing
between signal traces, D; will be between 8 and 12 mils (0.2mm and 0.3mm). The
spacing between the signal pairs D; will preferably be between 24 and 32 mils (0.6mm
and 0.79mm). In one contemplated embodiment, the dimension W is about 8 mils
(0.2mm) the dimension D; is about 10 mils (0.25mm) and the dimension D, is about 28
mils (0.69mm). The distance Dj is the pair on center to pair spacing. Preferably, the
backplane layout should provide routing channels 248 that are sufficiently wide to allow
a portion such as 33014 or 230;p to pass through routing charnel 248 without requiring
the on center pair to pair spacing to be smaller than 50 mils (1.23mm).

FIG. 5 illustrates process by which a backplane such as 310 might be designed.
The process begins at step 510. At step 510, the backplane is defined in the form of an
clectrical schematic. The schematic shows the points in system 100 which must be
electrically connected together. The schematic shows the connections independent of
any physical implementation of the daughter cards or the backplane. Commercially
available software such as the Innoveda View Draw® design tool may be used to
generate a schematic.

The process continues at step 512 where the output of the schematic capture tool
is used to generate a netlist. The netlist might be generated by a commercially available
computer aided design tool such as the Cadence Allegro® design tool. The netlist defines
the physical location of routing traces on printed circuit boards to be built according to
the schematic.
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At step 514, the generated netlist is compared to the desired architecture such as
shown in FIG. 2A or 3. The netlist generated by the design tool is examined to
determine whether all or substantially all of the signal traces from each connector
location that must be routed through one of the columns, such as 236A. 236B, 336A or
336B, passes through a routing channel 248.

Design tools that generate netlists are programmed with general purpose
algorithms that are intended to generate an efficient routing of traces on printed circuit
boards. However, it is unlikely that a design tool will generate a netlist that is the most
efficient for any given circuit design. Accordingly, design tools such as Allegro® include
a “back annotation” feature. Back annotation allows a human designer to input
instructions to the design tool concerning the routing of specific signals through the
printed circuit board. Where the desired routing is not achieved at step 514, the design
proceeds to step 516.

At step 516 a human designer back annotates the netlist. The back annotation
specifies that traces in a portion of a group such as 330;4 or 230, be routed to gether
through a specific routing channel 248 between connectors in the columns such as 236A,
236B, 336A or 336B.

The back annotated netlist is then input to the design tool. A new netlist is
generated at step 512.

The process again returns to step 514 where the new netlist is checked to
determine whether the routing is substantially in the form shown in FIG. 2A or FIG. 3.
The process may be repeated in this fashion iteratively until the routing achieves the
desired objective.

Having thus described several aspects of at least one embodiment of this
invention, it is to be appreciated various alterations, modifications, and improvements
will readily occur to those skilled in the art.

As pictured above in FIG. 3, connector locations are formed with connector
modules having columns of signal contacts sufficient to provide 4 pairs in each column.
Each module has 10 columns. This configuration leads to 40 differential signals per
connector module. Thus, each group of signals shown in FIG. 3 contains up to 40
differential signals but other sizes of connectors might be used. For example, the GbX®
connector has modules with three or five pairs per column.
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Other specific values given herein are examples and embodiments might be
formed with other values. Connector modules of other sizes might be used.
Such alterations, modifications, and improvements are intended to be part of this
disclosure, and are intended to be within the spirit and scope of the invention.
5 Accordingly, the foregoing description and drawings are by way of example only.

What is claimed is:
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1. A backplane comprising:
a) a side region having a first plurality of signal launches positioned in a first

b)

plurality of groups, the signal launches in each of the first plurality of
groups positioned for interconnection to at least one electrical connector;
a central region adjacent the side region having a second plurality of
signal launches positioned in a second plurality of groups, the signal
launches in each of the second plurality of groups positioned for
interconnection to at least one electrical connector, with each of the
groups of the second plurality of signal launches disposed in at least a
first column and a second column;
a plurality of groups of signal traces each having a first end and a second
end, wherein, for each group of signal traces, the first ends of the traces
are connected to signal launches in a group in the first plurality of grbups
and
1) for a first portion of the traces in the group, the second ends of the
traces are connected to signal launches in a group in the first
column; and
i) for a second portion of the traces in the group, the traces are routed
between groups of signal launches in the first column and the
second ends of the traces are connected to signal launches in a

1

group in the second column.

2. The backplane of claim 1 having a plurality of connector modules mounted

thereto, each connector module interconnected to the signal launches in one of the

plurality of groups.

3. The backplane of claim 1 wherein the backplane consists of less than 10 routing

layers.

4. The backplane of claim 3 wherein the backplane has between 3 and 5 routing

layers.

-15-



10

15

20

25

30

WO 2006/036918 PCT/US2005/034494

Attorney Docket No. 1769-PCT

5. The backplane of claim 4 wherein the first column and the second column each

comprises at least 800 signal launches.

6. The backplane of claim 1 wherein both the first portion of the traces in each of
the plurality of groups of signal traces and the second portion of the traces in each of the

plurality of groups of signal traces comprises at least 40 traces.

7. The backplane of claim 6 wherein the traces in both the first portion of the traces
in each of the plurality of groups of signal traces and the second portion of the traces in

each of the plurality of groups of signal traces are positioned in pairs.

8. The backplane of claim 7 wherein the on-center spacing between adjacent pairs is

greater than 1.22mm.

9. The backplane of claim 1, further comprising:
a second side region having a third plurality of signal launches positioned
in a third plurality of groups, the signal launches in each of the third
plurality of groups positioned for interconnection to at least one electrical

connector,

10.  An electronic assembly comprising the backplane of claim 9, additionally
comprising: .

a) a first plurality of backplane connectors connected to the first plurality of
signal launches;

b) a second plurality of backplane connectors connected to the second
plurality of signal launches;

c) a third plurality of backplane connectors connected'to the third plurality
of signal launches;

d a plurality of daughter cards having daughter card connectors engaged to

the first plurality of backplane connectors;
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e) a plurality of a daughter cards having daughter card connectors engaged
to the second plurality of backplane connectors; and
f) a plurality daughter cards having daughter card connectors engaged to the

third plurality of backplane connectors.

11.  The electronic assembly of claim 10 wherein the plurality of daughter cards

engaged to the second plurality of backplane connectors comprise switch cards.

12.  The electronic assembly of claim 11 wherein plurality of daughter cards having
daughter card connectors engaged to the first plurality of backplane connectors comprise

1/O cards.

13.  The backplane of claim 9 further comprising:
a second plurality of groups of signal traces each having a first end and a second

end, wherein, for each group in the second plurality of groups of signal

traces, the first end of each trace is connected to a signal launch in a

group in the third plurality of groups and

1) for a first portion of the traces in the group, the second ends of the
traces are connected to signal launches in a group in the second
column; and

it) for a second portion of the traces in the group, the traces are routed

| between groups of signal launches in the second column and the

usecond ends of the traces are connected to signal launches in a

group in the first column.

14. A backplane comprising:

a) a first plurality of groups of backplane connector modules including at
least a first central group and a second central group, each group disposed
in a column, with the columns being parallel, with each connector module
having a plurality of contact tails and the connector modules being

positioned to leave spaces between modules in each column;
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a second plurality of groups of backplane connector modules, each group
disposed in a column, with each connector module having a plurality of
contact tails and with the columns being parallel to the columns of the
first plurality of groups, and the columns being disposed on a first side of
the first central group and the second central group;

a third plurality of groups of backplane connector modules, each group
disposed in a column, with the columns being parallel to the columns of
the first plurality of groups, with each connector module having a
plurality of contact tails and the columns being disposed on a second side
of the first central group and the second central group;

a first plurality of groups of signal traces, each group connecting contact
tails of a first module in each of the second plurality of groups to contact
tails of a module in the first central group;

a second plurality of groups of signal traces, each group connecting
contact tails of a second module in each of the second plurality of groups
to contact tails of a module in the second central group, each group of
signal traces in the second plurality of groups passing through a space
between adjacent connector modules in the first central grdup;

a third plurality of groups of signal traces, each group connecting contact
tails of a first module in each of the third plurality of groups to contact
tails of a module in the second central group; and

a fourth plurality of groups of signal traces, each group connecting contact
tails of a second module in each of the third plurality of groups to contact
tails of a module in the first central group, each group of signal traces in
the fourth plurality of groups passing through a space between adjacent

connector modules in the second central group.

The backplane of claim 14 wherein the backplane connector modules in the first

plurality of groups have contact tails disposed in a regular rectangular array.
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The backplane of claim 14 wherein the backplane connector modules in each of
the first, second and third plurality of groups have contact tails spaced by 2mm or

less on center.

The backplane of claim 16 wherein the backplane connector modules in each of
the first, second and third plurality of groups comprise greater than or equal to 40

pairs.

The backplane of claim 16 further comprising a dielectric substrate with the first,
second, third and fourth signal traces disposed on routing layers formed in the

substrate.

The backplane of claim 18 comprising ten or fewer routing layers.

The backplane of claim 19 wherein the first, second, third and fourth plurality of
groups of signal traces comprise pairs of signal traces, each pair havihg an

impedance between 90Q and 110€.

The backplane of claim 20 wherein the substrate comprises a material having a

loss tangent between 0.007 and 0.025.

A method of designing a backplane for an electronic system having a plurality of

first type daughter cards each having a plurality of connections to at least two second

type daughter cards, with each first type daughter card connected to the backplane at a

point that is nearer to the connection point for one of the second type daughter cards than

to the connection point for another of the second type daughter cards, the method

comprising:
a) generating a schematic for the backplane;
b) generating a netlist from the schematic;
c) back annotating the schematic to direct traces carrying signals from a

daughter card to a further one of the second type daughter cards to pass in groups
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through routing channels between connectors for attaching to a nearer one of the
second type daughter cards; and

d) re-generating the netlist from the back annotated netlist.

23.  The method of claim 22 wherein the netlist is generated with a CAD tool.
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