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(57) ABSTRACT 

A packaged IC includes an IC die with Signal and Signal 
complement traces positioned relative to each other to 
maximize broadside coupling for a matching impedance. 
The Signal and Signal complement traces are electrically 
connected to transmission or receive channels of the IC die. 
Use of a broadside coupled trace configuration alleviates 
routing congestion in an IC package and permits an IC to 
accommodate a greater number of channels within a given 

(21) Appl. No.: 10/114,625 Surface area than is possible under the prior art. 

100 403 302 303 402 106 

Vic DIE \ \ \ 204 
SY-2 QY-2 2 f 

NNIN N N 300 
N- N 306 200 203 41 

307 

201 202 
N 206 N 

N 205 
N 

) N 
N N 

1 TI-1005



Patent Application Publication Oct. 2, 2003 Sheet 1 of 12 US 2003/0183919 A1 

100 

106 

204 

203 

Nu200 
202 

NU201 
205 2O6 

  

2



Patent Application Publication Oct. 2, 2003 Sheet 2 of 12 US 2003/0183919 A1 

300 

w) 

200,201 
) (O)   

3



4



Patent Application Publication Oct. 2, 2003. Sheet 4 of 12 US 2003/0183919 A1 

500 501 
S-N N-1 

204 

5



Patent Application Publication Oct. 2, 2003. Sheet 5 of 12 US 2003/0183919 A1 

206 

202 

Nu201 
205 imps 204 

N 
603 

600 NN 

6



Patent Application Publication Oct. 2, 2003. Sheet 6 of 12 US 2003/0183919 A1 

3-1, 22 s 
S 12 & 

S. 1F. 2 s 
se-N 11N7 21 S s 7 CN Y/ 

4 27 1s Z 2 S. 
SUDZ, 1SVZGus 

g 21 W. V. 
wn 1 / / 

N 
C 

w t 

1513 s % £133, (N NY-LZ 

E B222 
c Z s Z 2 2 -PW 

Z Z 
W. 

N 

g 

3 

  

  

7



Oct. 2, 2003. Sheet 7 of 12 US 2003/0183919 A1 Patent Application Publication 

  

8



Patent Application Publication Oct. 2, 2003 Sheet 8 of 12 US 2003/0183919 A1 

106 
  

9



Patent Application Publication Oct. 2, 2003 Sheet 9 of 12 US 2003/0183919 A1 

FIG. 10 

  

10



US 2003/0183919 A1 Oct. 2, 2003 Sheet 10 of 12 Patent Application Publication 

-X}} +XX) , CINS) 
XLPPA CIN? - X_L + XL 

O O 0??? 0???. O O O OO O O O O C) O OO O O O O C) C) C)O OO O O O O C) C) C)O O O O II (?IH 106 
    

  

  

  

  

  

11



Patent Application Publication Oct. 2, 2003. Sheet 11 of 12 US 2003/0183919 A1 

300 

& 3. 5. 

  

  

  

  

12



Patent Application Publication Oct. 2, 2003 Sheet 12 of 12 US 2003/0183919 A1 

oyo) oogo (o) (c)(6) Coxo 3. 66ööoss 

    

  

  

13



US 2003/0183919 A1 

INTEGRATED CIRCUIT AND METHOD OF 
MANUFACTURING AN INTEGRATED CIRCUIT 

AND PACKAGE 

BACKGROUND 

0001. Designing electronics for reliable high speed signal 
transmission requires attention be paid to Signal trace qual 
ity, trace geometries, and impedance matching. This is true 
for both printed circuit boards as well as integrated circuit 
(“IC) packages attached to the printed circuit board 
(“PCB”). An example of a high speed IC is a Serdes IC, 
which is a contraction for Serialization-deserialization inte 
grated circuit. A Serdes IC typically has multiple transmis 
Sion and receive channels. In order to minimize noise, 
common mode Voltages, and other non-optimum signal 
characteristics affecting System performance, the Serdes 
design uses a differential pair for each transmission and 
receive channel. The Serdes IC package, therefore, must 
accommodate at least as many differential pair traces as 
there are channels and route those channels to leads of the 
IC where they can be implemented as part of a larger System. 
0002. A conventional configuration of high-speed signal 
traces for differential pairs on an IC package or a PCB 
comprises an edge-side coupled, configuration in which 
traces are positioned co-planar and parallel to each other. A 
typical laminate IC package or PCB has a dielectric constant 
of approximately 4. This permits relatively close spacing of 
differential Signal pairs in the edge-side coupled configura 
tion. A ceramic IC package is less expensive and has a lower 
dielectric loss than laminate. Therefore, there are significant 
benefits to using a ceramic IC package, which has a dielec 
tric constant of between 9.8 and 10. In order to achieve a 
conventional 50 ohm trace impedance, a ceramic IC package 
dictates that the differential Signal traces have an edge to 
edge spacing of 300 microns which is wide as compared to 
the spacing requirements on laminate. Additionally, an edge 
Side coupled configuration requires a Single electrically 
conductive reference plane. The edge-side coupled differ 
ential pairs are positioned on a single layer. An edge-side 
coupled configuration, therefore, promotes an IC with a 
large Surface area in order to accommodate access to signals 
on the IC die at a location where they are launched onto the 
IC package. In other words, the edge-Side coupled configu 
ration requires a Significant amount of Space to properly 
route the traces to electrically connect all of the transmit and 
receive channels to the IC package. AS one of ordinary skill 
in the art appreciates, Such a large Spacing requirement 
impacts the routing density for a given IC of a given size and 
greatly increases the cost of the IC. 
0003. As electrical systems get smaller, it is desirable to 
increase the number of channels on an IC die. In an 
edge-side coupled configuration, in order to increase the 
number of channels on the IC, an IC die edge must be 
lengthened to accommodate the additional channels and 
spacing requirement. In many cases, it is possible to lay out 
an IC design, So that IC circuitry is positioned in the Spaces 
that might be used for package routing. In a Serdes IC, 
however, relatively little of the surface area of the IC is used 
for circuitry. Most of the circuitry is concentrated at one or 
more channel pads adjacent to the IC die edge. AS an 
example, a transmit Signal, a transmit Signal complement, a 
reference potential, and a transmit bias potential are each 
positioned on a single Signal pad unit on the IC. In order to 

Oct. 2, 2003 

minimize IC area, the four constituent electrical Signals may 
be aligned from the IC die edge towards a center of the IC 
die. Another channel is similarly aligned and positioned 
adjacent the first channel pad. The channel-to-channel 
physical spacing is defined by the amount of Space required 
to route the Signal lines while maintaining the appropriate 
trace impedance. In a conventional edge-side coupled trace 
configuration in a ceramic package, there should be 300 
micron Spacing between the Signal and Signal complement 
traces. Add this to the amount of Space required for channel 
to-channel spacing and there is a Significant amount of 
Spaces required for trace layout. AS the number of channels 
increase, So does the perimeter of the IC. Under the prior art, 
incremental increases in the perimeter of the IC die to 
accommodate an increase in the number of channels causes 
the Surface area of the IC die to increase at a faster rate. The 
cost of an IC is directly related to the surface area. Under the 
prior art, therefore, the cost per channel of a Serdes IC 
increases with an increase in the number of channels on the 
IC die. 

0004. Accordingly, there is a need to maintain the surface 
area of a Serdes IC while increasing the number of channels 
the IC can accommodate. 

SUMMARY 

0005 According to an aspect of the present invention, a 
packaged IC comprises an IC die, a signal trace and a signal 
complement trace. The Signal and Signal complement traces 
are positioned relative to each other to maximize broadside 
coupling for a matching impedance, and are separated from 
each other by a dielectric coupling layer. The Signal and 
Signal complement traces are electrically connected to pads 
on the IC die. A Signal trace conductive reference plane is 
Separated from the Signal trace by a signal trace dielectric 
isolation layer, and a signal complement trace conductive 
reference plane is separated from the Signal complement 
trace by a Signal complement trace dielectric isolation layer. 
According to another aspect of the present invention, a 
method of manufacturing a packaged IC comprises the Steps 
of calculating trace width and Spacing requirements of one 
or more Signal and Signal complement traces for a matching 
impedance at a given dielectric constant using broadside 
coupling in an IC package design, and positioning the one or 
more signal and Signal complement traces to maximize 
broadside coupling according to the Step of calculating in an 
IC package design. The method also has the Step of posi 
tioning one or more signal and Signal complement trace 
conductive reference planes parallel to the Signal and Signal 
complement traces which are separated by Signal and Signal 
complement trace dielectric isolation layers in the IC pack 
age design. Manufacturing an IC package according to the 
IC package design, and electrically connecting pads on an IC 
die to the Signal and Signal complement traces of the IC 
package. 
0006 According to yet another aspect of the present 
invention, an IC die comprises a plurality of first signal and 
Signal complement die pad pairs, each first signal and Signal 
complement die pad pair aligned along parallel lines that are 
perpendicular to a die edge, the plurality of first signal and 
Signal complement die pad pairs being adjacent the die edge. 
A plurality of Second Signal and Signal complement die pads 
are aligned along the parallel lines that are perpendicular to 
the die edge. The plurality of Second Signal and Signal 
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complement die pads being on an opposite Side of the 
plurality of first signal and Signal complement pads from the 
die edge. 
0007. A packaged IC according to the teachings of the 
present invention advantageously alleviates routing conges 
tion and permits placement of input and output channels on 
an interior portion of the IC die. Additionally, the packaged 
IC is able to further decrease both Surface area and trace 
density by Stacking routing layerS vertically. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a plan view representation of an IC die 
showing interconnection bumps on its Surface. 
0009 FIG. 2 is a cross sectional representation in a plane 
perpendicular to Signal and Signal complement traces in an 
IC package according to the teachings of the present inven 
tion. 

0010 FIG. 3 is a plan view representation of an IC 
package according to the teachings of the present invention 
and utilizing Signal and Signal complement traces on internal 
layers of the IC package as shown in FIG. 2. 
0.011 FIG. 4 is a cross sectional representation in a plane 
parallel to Signal and Signal complement traces of an IC die 
and IC package according to the teachings of the present 
invention. 

0012 FIG. 5 is a cross sectional representation of broad 
Side coupled traces Stacked together With edge-Side coupled 
traces in an IC package according to another aspect of the 
teachings of the present invention. 
0013 FIG. 6 is a cross sectional representation of a dual 
Stack embodiment of broadside coupled traces in an IC 
package and packaged IC according to another aspect of the 
teachings of the present invention. 
0.014 FIG. 7 is a cross sectional representation in a plane 
perpendicular to the plane shown in FIG. 6 of the dual stack 
broadside coupled traces in an IC package and packaged IC 
according to the teachings of the present invention. 
0.015 FIG. 8 is a plan view representation of traces in an 
IC package that is appropriate for a dual Stack broadside 
coupled Signal and Signal complement trace configuration 
according to an aspect of the teachings of the present 
invention. 

0016 FIG. 9 is a plan view representation of an IC 
package showing interconnection bump unit Sets for a dual 
Stack IC die configuration according to another aspect of the 
present invention. 
0017 FIG. 10 is a plan view representation of an IC 
package showing another layout of interconnection bump 
unit Sets for another embodiment of an IC die according to 
another aspect of the teachings of the present invention. 
0018 FIG. 11 is an expanded plan view of the IC 
package shown in FIG. 9 illustrating a bump designation 
plan according to another aspect of the teachings of the 
present invention. 
0019 FIG. 12 is a plan view representation of an IC 
package showing a clock signal distribution plan according 
to another aspect of the teachings of the present invention. 
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DETAILED DESCRIPTION 

0020. With specific reference to FIG. 1 of the drawings, 
there is shown a plan view representation of an IC die 100 
having along its IC die edge 106 interconnection bump units 
101, one bump unit for each transmission or receive. Each 
interconnection bump unit 101 comprises four bumps that 
are electrical connections to Signals intended for distribution 
to or from and IC package and eventually a PCB. The 
interconnection bumps are created with a process that is 
conventional in the prior art. Each interconnection bump 
unit 101 comprises a signal bump 102, Signal complement 
bump 103, a reference potential bump 104, and a bias 
potential bump 105. As discussed more fully herein, each 
signal bump unit 101 may have a different order in which the 
constituent bumps 102-105 are positioned. Each bump in the 
bump unit 101 has a corresponding flip-chip pad on an IC 
package that is designed to accept and accommodate the IC 
die 100. 

0021 With specific reference to FIG. 2 of the drawings, 
there is shown a croSS Sectional representation of a signal 
trace 200 and signal complement trace 201 for an IC 
package designed to accommodate the IC bump units 101 
shown in FIG. 1. The Signal and Signal complement traces 
200, 201 carry constituent signals of a differential signal 
pair. FIG. 2 shows a signal and Signal complement trace 
200, 201 in a broadside coupled configuration, where the 
traces are parallel, but are not co-planar. The Signal and 
signal complement traces 200, 201 are separated from each 
other by a dielectric coupling layer 202 made of ceramic. A 
Signal trace dielectric isolation layer 203 Separates the signal 
trace 200 from a signal trace conductive reference layer 204. 
For proper electrical balance, a signal complement trace 
dielectric isolation layer 205 Separates the Signal comple 
ment trace 201 from a signal complement conductive ref 
erence layer 206. The elements 200 through 206 together 
comprise a Single broadside coupled trace layer for a dif 
ferential Signal. The Specific embodiment discussed herein 
uses an alumina ceramic package where alumina ceramic is 
the dielectric with a co-fired tungsten conductor. Accord 
ingly, for a matching impedance of 50 ohms, the Signal and 
signal complement traces 200, 201 are separated from each 
other a distance of 300 microns and the dielectric coupling 
layer 202 is 300 microns thick. The signal and signal 
complement traces are each 80 microns wide and both are 
Spaced from their respective conductive reference planes 
204 and 206 a distance of 500 microns. It is also appropriate 
to use a glass ceramic package with copper conductors. AS 
one of ordinary skill in the art with benefit of the present 
teachings appreciates, Such an alternative package has dif 
fering trace geometries and Spacings as dictated by the 
Specific dielectric constant of glass ceramic and resistivity of 
copper. 

0022. With specific reference to FIG.3 of the drawings, 
there is shown a plan view of a corner of an IC package 300 
according to the teachings of the present invention in which 
the signal and signal complement bumps 102,103 on the IC 
die 100 have corresponding Signal and Signal complement 
flip-chip pads 302, 303 to which the signal and the signal 
complement bumps meet when the IC die 100 is connected 
to the IC package 300. Each Signal and Signal complement 
flip-chip pad 302, 303 communicates with a signal and 
signal complement via (not shown in FIG.3). The signal via 
is a blind via that extends through the package to electrically 
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connect to the Signal trace 200. The Signal complement via, 
also a blind Via, extends through the package to electrically 
connect to the Signal complement trace 201. The Signal and 
signal complement traces 200, 201 traverse the IC package 
300 substantially parallel to each other. The plan view of 
FIG. 3 illustrates what appears to be a single trace on a 
surface of the IC package 300, but what is actually two 
parallel traces aligned with each other and positioned on 
different internal layers of the IC package 300 with electrical 
access through adjacent Vias. 
0023. With specific reference to FIG. 4 of the drawings, 
there is shown a croSS Sectional representation of the Signal 
and Signal trace 200, 201 routing according to the teachings 
of the present invention. The signal trace 200 electrically 
connects with a signal package via 306 and the Signal 
complement trace 201 electrically connects with a signal 
complement package via 307. The Signal and Signal comple 
ment package vias 306, 307 are adjacent each other so that 
a maximum of the Signal and Signal complement trace 200, 
201 lengths are parallel. Each Signal and Signal complement 
package via 306,307 connects to an interconnection ball 401 
or column or other conventional electrical connection 
vehicle for an IC package to a PCB 400. As one of ordinary 
skill in the art appreciates, the broadside coupled trace 
configuration Significantly reduces the routing congestion in 
an IC package 300 as compared with the conventional 
edge-side coupled configuration. In a further feature accord 
ing to the teachings of the present invention and with 
specific reference to FIG. 4 of the drawings, a reference 
potential bump 402 and a bias potential bump 403 electri 
cally connect to Signal trace conductive reference plane 204 
and Signal complement trace conductive reference plane 
206. Each of the conductive reference planes 204, 206 are 
connected to either reference potential (GND) or bias poten 
tial (Vdd). The conductive reference plane that is connected 
to bias potential is also connected to reference potential 
through by-pass capacitors as is conventional in the art. The 
value of the DC potential, either reference potential or bias 
potential, that is assigned to the conductive reference planes 
204, 206, therefore, is not particularly important from a high 
frequency Signal point of view. The continuous electrical 
connection between the IC die 100, through the IC package 
300, and to the PCB 400 provides the benefit of electrical 
isolation and maintains a balanced transmission line from IC 
die 100 to the PCB 400 and controls the value of the 
matching impedance throughout the connection. 
0024. With specific reference to FIG. 5 of the drawings, 
there is shown a croSS Sectional representation of the broad 
Side coupled Signal trace 200 and Signal complement trace 
201 having similar constituent parts as shown in FIG. 2 of 
the drawings. An edge-side coupled Second Signal trace 500 
and Second Signal complement trace 501 pair may be 
Stacked atop the broadside coupled configuration to achieve 
an alternate embodiment of the present invention. In an 
alumina ceramic package, the edge-side coupled signal trace 
500 and edge-side coupled signal complement trace 501 are 
co-planar and parallel and are separated from each other a 
distance of 300 microns. Advantageously, the edge-side 
coupled configuration can share the Signal trace conductive 
reference plane 204 with the broadside coupled trace con 
figuration upon which it is disposed. In Such a package, the 
Signal trace and Signal trace complement interconnection 
flip-chip pads and vias 302, 303 may be positioned on an 
internal portion of the IC area while the interconnection pads 
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for the edge-side coupled traces 500, 501 are disposed on a 
perimeter of the IC die 100. Advantageously, more of the 
available IC Surface area may be utilized as compared to the 
prior art thereby reducing the overall cost of the IC die. 
0025. With specific reference to FIG. 6 of the drawings, 
there is shown a dual Stack embodiment according to the 
teachings of the present invention in which two broadside 
coupled traces may be Stacked vertically sharing a conduc 
tive reference plane either 204 or 206. The signal trace and 
signal complement trace 200, 201 in this embodiment com 
prise a first Signal trace 200 and first Signal complement 
trace 201. The embodiment further comprises second signal 
trace 600 and second signal complement trace 601. The 
second signal and signal complement traces 600, 601 are 
Separated from each other by a Second dielectric coupling 
layer 602. The first signal trace conductive reference layer 
204 may be shared with the second signal trace 600, so that 
a single conductive layer provides for a balanced transmis 
Sion line for two Sets of Signal/signal complement trace 
pairs. The Second Signal trace 600 need not share a conduc 
tive layer and may have a separate conductive reference 
plane if it is appropriate for other purposes in the IC package 
design. Alternatively, multiple conductive reference planes 
may exist between first Signal trace/Signal complement 
trace/dielectric layers 200, 201, 202, 203, 205 and second 
Signal trace/signal complement trace/dielectric layerS 600, 
601, 602, 603, 605 without adversely affecting signal trans 
mission characteristics. There is also a Second Signal trace 
complement conductive reference plane 604 Separated from 
said second signal complement trace 601 by a 300 micron 
thick signal trace dielectric isolation layer 605. Similarly, the 
Second Signal trace 600 is Separated from the first Signal 
trace conductive reference plane 204 by a Second Signal 
trace dielectric isolation layer 603. A dual Stack configura 
tion as shown uses the IC die 100 and IC package 300 
Vertical dimension to reduce horizontal routing congestion. 
Three or more Similar signal trace and Signal complement 
trace layers with interstitial dielectric layerS and conductive 
reference planes may be implemented in an IC package 400 
according to the teachings of the present invention to 
achieve increased relief from routing congestion while 
maintaining balanced transmission line characteristics at the 
matching impedance. 

0026. With specific reference to FIG. 7 of the drawings, 
there is shown a croSS Sectional representation of the IC die 
100, the bump unit 101 and the IC package 300 having the 
dual Stack broadside coupled trace configuration shown in 
FIG. 6. In FIG. 7, the bumps 102-105 in the bump unit 101 
are positioned along a line that is perpendicular to the IC die 
edge 106. A first bump unit 101 is shown adjacent the die 
edge 106 with bumps 702-705 of a second bump unit aligned 
along the same parallel line as the first bump unit 102-105 
and on a Side of the first bump unit opposite the IC die edge 
106. The second bump unit 702-705 may be positioned away 
from the IC die edge 106 without requiring an increase in the 
horizontal spacing of the bump units because of the dual 
Stack broadside coupled configuration. This permits efficient 
use of the IC die 100 perimeter to maximize the number of 
channels that fit within the available Space. 
0027. In the embodiment shown in FIG.7, the first signal 
bump 102 and first signal complement bump 103 are elec 
trically connected through first Signal and first Signal 
complement vias 712, 713. The first signal and signal 
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complement vias 712,713 are blind vias and provide vertical 
access to internal conductive layers. The first Signal and 
signal complement vias 712, 713 electrically connect to the 
first signal trace 200 and first signal complement trace 201, 
respectively. The first signal and first signal complement 
traces 200, 201 traverse different inner layers of the IC 
package 300 remaining Substantially parallel to each other 
for most of the length that they traverse. Each first signal and 
signal complement trace 200, 201 connects to respective 
first destination via 706 and first destination complement via 
707, also blind vias, that electrically connect with balls 708, 
709 of the IC package 300. The balls 708, 709 may be balls 
of a conventional ball grid array package or may be columns 
or lands common to other Styles of IC packaging having 
conventional interconnection plans to the PCB 400. FIG. 7 
shows that the balls 708, 709 are aligned with the bumps 
102, 103 of the IC die 100. While the alignment shown is 
desirable because it maintains the consistently parallel path 
of the signal and signal complement trace 200, 201 while 
providing a consistently spaced conductive reference plane 
along the entire length, this depiction is primarily for pur 
poses of clarity. Other IC package design considerations 
may dictate the location of an exit point of any one signal or 
Signal/signal complement pair. It is also acceptable for one 
or both of the first signal and first signal complement traces 
200, 201 to make a horizontal bend or jog so that the first 
destination and destination complement vias 708, 709 are 
horizontally aligned along the IC package edge 710 or are 
not aligned at all. Such as “jog” is illustrated in FIG.3 of the 
drawings. A designer is at liberty to make alternative pro 
visions because a Substantial portion of the length of the 
Signal and Signal complement trace pair relative positioning 
is parallel and is consistently spaced from respective con 
ductive reference planes 206, 204. 
0028. The remaining two bumps 105, 104 in the bump 
unit 101 are electrically connected to reference potential 
(GND) and bias potential (Vdd), respectively. The reference 
potential bump 105 is electrically connected through first 
reference potential bump via 714. The bias potential bump 
104 is electrically connected through first bias potential 
bump via 711. The reference potential bump via 714 elec 
trically connects to first signal complement trace conductive 
reference plane 204. This connection makes the first Signal 
trace conductive reference plane 204 a conventional "ground 
plane” known to those in the art. As shown in FIG. 7, the 
ground plane extends throughout the package layer except 
for insulating ringS 715 disposed around the Vias not 
intended for connection to the ground plane 204 in the 
example. The first bias potential bump via 711 electrically 
connects to first signal trace conductive reference plane 206. 
This connection makes the first Signal trace conductive 
reference plane 206 a conventional “power plane” known to 
those in the art. As shown in FIG. 7, the power plane extends 
throughout the package layer except for certain ones of the 
insulating ringS 715 disposed around the Vias not intended 
for connection to the power plane 206. The ground and 
power planes are similarly connected through ground and 
power destination vias 716, 717 to ground and power IC 
package balls 718, 719, respectively. 
0029. In the dual stack broadside coupled trace configu 
ration, the first signal complement trace conductive refer 
ence plane 204, the ground plane is this example, is a shared 
conductive reference plane with the second signal trace 600. 
The Second Signal bump 702 and Second Signal complement 
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bump 703 are electrically connected through Second Signal 
and second signal complement vias 720, 721. The second 
signal and signal complement vias 720, 721 are blind vias 
and provide vertical access to internal conductive layers that 
are closer to the IC package 300 than the layers carrying the 
first signal and signal complement traces 200, 201. The 
Second Signal and Signal complement Vias 720, 721 electri 
cally connect to the Second Signal trace 600 and Second 
Signal complement trace 601, respectively. The Second Sig 
nal and signal complement traces 600, 601 traverse different 
inner layers of the IC package 300 remaining substantially 
parallel to each other for most of the length that they 
traverse. While it is possible that the first signal and signal 
complement traces 200, 201 be parallel to the second signal 
and signal complement traces 600, 601, as illustrated in 
FIG. 7 of the drawings, it is not necessary, is used in the 
drawing primarily for clarity, and is not considered an IC 
package design constraint. A more practical result is shown 
in FIG. 8 of the drawings, where what appears to be 
interSecting first and Second Signal and Signal complement 
traces 200, 201 and 600,601, is in reality first and second 
broadside coupled traces on electrically distinct IC package 
layers. For purposes of clarity, only the Signal and Signal 
traces are represented. Referring back to FIG. 7 of the 
drawings, each Second Signal and Signal complement trace 
600, 601 connects to respective second destination via 722 
and Second destination complement via 723, also blind Vias, 
that electrically connect with balls 724, 725 of the IC 
package 300. 

0030) The remaining two bumps 705, 704 in the second 
bump unit are electrically connected to reference potential 
(GND) and bias potential (Vdd), respectively. The reference 
potential bump 704 is electrically connected through second 
reference potential bump via 726 to first Signal complement 
conductive reference plane 204, which is the ground plane 
in the example. The bias potential bump 705 is electrically 
connected through second bias potential bump via 727 to the 
Second Signal complement conductive reference plane 604. 
This connection makes the Second Signal complement trace 
conductive reference plane 604 another conventional 
"power plane' in the illustrative example. Advantageously, 
proper placement and spacing of the ground and power 
planes provide for balanced transmission of broadside 
coupled Signal trace pairs over multiple IC package layers. 
Additionally, the vertical Stacking arrangement provides for 
a denser IC package grid permitting more channels to fit in 
a smaller amount of PCB Surface area. 

0031. With specific reference to FIG. 9 of the drawings, 
there is shown an illustrative representation of an appropri 
ate layout for interconnection bumps of an IC die 100 
according to another aspect of the teachings of the present 
invention and implementing dual Stack broadside coupled 
traces in which first and second bump unit rows 901, 902 are 
on a perimeter of the IC die 100. The bumps in the bump unit 
rows 901,902 are aligned along parallel lines that are per 
pendicular to the IC die edge 106. Each bump unit in the first 
and second bump unit rows 901, 902 are aligned one after 
the other in a horizontal direction and along a same line with 
each other in a dual Stack embodiment. The broadside Signal 
and Signal complement trace configuration removes the 
design constraint that all bumps be accessible from horizon 
tal traces traversing a single IC package layer. The bump 
layout shown in FIG. 9 of the drawings makes use of more 
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Surface area than is possible under the prior art, but not all 
of the central portion of the IC die 101. 
0032. With specific reference to FIG. 10 of the drawings, 
there is shown another illustrative representation of another 
appropriate bump layout according to another aspect of the 
teachings of the present invention in which three bump unit 
rows populate a first edge 1001 of the IC die 100, two bump 
unit rows populate an opposite second edge 1002 of the IC 
die 100, and a single Stack populates the remaining third and 
fourth edges 1003, 1004 of the IC die 100. On the first edge 
1001, first bump unit 1005, second bump unit 1006, and 
third bump unit 1007 are all similarly aligned along first 
parallel line 1008 perpendicular to the first die edge 1001. It 
is possible to place adjacent Sets of first, Second and third 
bump units very close together because access to Signal 
traces is in a vertical direction in the IC package 300. Fourth 
and fifth bump units 1009, 1010 in the dual bump unit row 
configuration on the second edge 1002 of the IC die 100 may 
be, but need not be, aligned along the same first parallel line 
1008. 

0033. With specific reference to FIG. 11 of the drawings, 
there is shown an enlarged view of a dual row bump unit 
configuration on an IC die 100 that is appropriate for use 
with a dual Stack broadside coupled trace configuration. In 
the example, the IC die bumps are assigned Voltage poten 
tials according to another aspect of the present invention. In 
a Serdes design as well as many other IC designs, transmis 
Sion channels carry Strong Signals relative to the Signal 
strength of the receive channels in the vicinity of the IC die 
100 and IC package 300. To maximize signal quality, 
therefore, it is beneficial to isolate transmission channels as 
much as possible from receive channels by placing addi 
tional Space between them. In Single bump unit row or 
multiple bump unit row IC die embodiment, there is a 
plurality of transmission bump units 1110 and a plurality of 
receive bump units 1111. FIG. 11 illustrates the transmission 
and receive bump units 1110, 1111 having a similar bump 
unit alignment as discussed and shown in FIG. 9. The 
teachings also apply equally as well to other IC die con 
figurations such as the one shown in FIG. 10. In the example 
of FIG. 11, the IC die 100 contains an equal plurality of 
transmission and receive channels and accordingly, of trans 
mission and receive bump units 1110, 1111. In the example 
of FIG. 11, therefore, it is beneficial to alternate transmis 
sion and receive bump units 1110, 1111 along the perimeter 
of the IC die. The receive channel Signal and Signal comple 
ment bumps 1107, 1108 are assigned to bumps closest to the 
IC die edge 106. The receive channel reference potential and 
bias potential bumps, 1105, 1106, respectively, are assigned 
to the remaining two bumps in the receive channel bump 
unit 1111 with the receive channel reference potential bump 
1105 being disposed closest to the receive channel signal 
and signal complement bumps 1107, 1108. The transmission 
channel signal and signal complement bumps 1103, 1104 are 
assigned to bumps away from the IC die edge 106. The 
transmission channel reference potential and bias potential 
bumps, 1102,1101, respectively, are assigned to the remain 
ing two bumps in the transmission channel bump unit 1110 
with the transmission channel reference potential bump 1101 
being disposed closest to the transmission channel Signal 
and signal complement bumps 1103, 1104. In an alternating 
transmission channel/receive channel configuration, adja 
cent transmission signal and Signal complement bumps 
1103, 1104 and receive signal and signal complement bumps 
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1107, 1108 are horizontally separated from each other and 
are positioned diagonally relative to each other at the IC die 
Surface. Additionally, adjacent transmission signal and Sig 
nal complement bumps 1103, 1104 in different transmission 
channel bump units 1110 are separated in Space by a 
thickness of the receive channel bump unit 1111. Similarly, 
adjacent receive Signal and Signal complement bumps 1107, 
1108 in different receive channel bump units 1111 are 
Separated in Space by a thickness of the receive channel 
bump unit 1111. The IC die 100 embodiment shown in FIG. 
11 is appropriate for a dual Stack broadside coupling trace IC 
package and has a Second bank of transmission and receive 
channel bump units 1110, 1111 positioned towards a center 
of the IC die 100 and away from the IC die edge 106. Also 
in FIG. 11, the first stack and second stack of bump units are 
aligned along parallel lines perpendicular to the IC die edge 
106. Consistent with the Same teachings of this paragraph, 
bump units that are aligned along the Same parallel line are 
mirror images of each other. Advantageously, in the bump 
layout for this embodiment the receive channel Signal and 
signal complement bumps 1107, 1108 achieve the maximum 
possible isolation from the transmission channel Signal and 
signal complement bumps 1103, 1004. As one of ordinary 
skill in the art appreciates, application of the basic teachings 
regarding bump layout and the design objective to maximize 
the isolation of the receive channel Signal and Signal 
complement bumps 1107, 1108 from other known noise 
Sources results in a number of possible embodiments that is 
difficult to quantify. Alternatives are also based upon the 
number and characteristics of the channels that populate the 
IC die 100. Alternate embodiments, therefore are within the 
Scope of one of ordinary skill in the art given the benefit of 
the teachings herein. 

0034). With specific reference to FIG. 12 of the drawings, 
there is shown an IC package 300 having a clock signal 
access 1200 in a center of the IC package 300. First, second, 
third, and fourth clock distribution Signal and Signal comple 
ment pairs 1201, 1202, 1203, and 1204 distribute the clock 
Signal from the clock signal acceSS on the PCB to four 
positions on the IC die. The traces shown in the drawing 
represent two different layers, the Signal and Signal comple 
ment trace layers, of the IC package 300. Advantageously, 
the use of broadside coupled traces in an IC package 300 
permits low noise distribution of the clock signal through the 
IC package 300 while maintaining consistent trace length for 
the first through fourth clock distribution Signal and Signal 
complement traces 1201 through 1204. Each of the first 
through fourth clock distribution Signal and Signal comple 
ment traces 1201-1204 electrically connect to clock distri 
bution vias 1205 and then to the interconnection bumps on 
the IC die. Features of the invention have been described 
herein by way of example and with reference to the accom 
panying drawings. Alternatives to the examples will occur to 
one or ordinary skill in the art given benefit of the teachings 
herein, and Such alternatives remain within the Scope of the 
appended claims. Many alternatives will result from differ 
ent IC die 100 designs and other practical constraints. One 
or more layers using broadside coupled traces either alone or 
in conjunction with edge-side coupled traces are possible 
alternatives. A dielectric material other than alumina 
ceramic and glass ceramic is possible, alumina ceramic 
being used as a specific example for its current perceived 
benefits of cost and manufacturability. 
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1. A packaged IC comprising: 

an IC die, 

a signal trace and a Signal complement trace positioned 
relative to each other to maximize broadside coupling 
for a matching impedance, Said Signal and Signal 
complement traces Separated by a dielectric coupling 
layer, and electrically connected to pads on Said IC die, 

a signal trace conductive reference layer Separated from 
Said Signal trace by Signal trace dielectric isolation 
layer, and 

a signal complement trace conductive reference layer 
Separated from Said Signal complement trace by Signal 
complement trace dielectric isolation layer. 

2. A packaged IC as recited in claim 1 wherein Said 
dielectric coupling layer and Said Signal and Signal comple 
ment trace dielectric isolation layers are ceramic. 

3. A packaged IC as recited in claim 1 wherein Said 
matching impedance has a value of approximately 50 ohms. 

4. A packaged IC as recited in claim 3 wherein Said 
dielectric coupling layer and Said Signal and Signal comple 
ment trace dielectric isolation layers are ceramic, Said Signal 
and Said Signal complement traces have a width of approxi 
mately 80 microns, Said Signal and Signal complement traces 
are separated from each other a distance of approximately 
300 micrometers, and Said Signal and Signal complement 
dielectric isolation layers are separated from Said Signal and 
Signal complement traces by approximately 300 microns. 

5. A packaged IC as recited in claim 1 wherein Said Signal 
trace and Said Signal complement trace are Substantially 
parallel with each other. 

6. A packaged IC as recited in claim 1 and further 
comprising via pairs wherein Said via pairs are connected to 
Said Signal trace and Said Signal complement trace and are 
adjacent each other. 

7. A packaged IC as recited in claim 6 wherein Said via 
pairs are adjacent to a first via electrically connected to Said 
Signal trace conductive reference layer and a Second via 
electrically connected to Said Signal complement trace con 
ductive reference layer. 

8. A packaged IC as recited in claim 1 wherein Said Signal 
and Signal complement traces electrically connect to a clock 
Signal on Said IC die. 

9. A packaged IC as recited in claim 8 wherein access to 
Said clock signal is in a center of Said IC package. 

10. A packaged IC as recited in claim 8 wherein a plurality 
of Signal and Signal complement traces deliver Said clock 
Signal from an access to Said clock signal on Said IC die to 
a plurality of locations on Said packaged IC, each of Said 
plurality of Signal and Signal complement traces having 
Substantially equivalent trace lengths. 

11. A packaged IC as recited in claim 3 disposed on a 
circuit board, said circuit board having 50 ohm circuit board 
traces wherein leads on Said IC package that are electrically 
connected to Said Signal and Signal complement traces are 
connected to Said 50 ohm circuit board traces. 

12. A packaged IC as recited in claim 1 wherein Said 
Signal trace comprises a first Signal trace and Said Signal 
complement trace comprises a first Signal complement trace 
and further comprising Second Signal and Second Signal 
complement traces positioned to maximize edge-side cou 
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pling and Separated from Said Signal trace conductive ref 
erence layer by a Second dielectric isolation layer. 

13. A packaged IC as recited in claim 1 wherein Said 
Signal trace comprises a first signal trace and Said Signal 
complement trace comprises a first Signal complement trace 
and further comprising Second Signal and Second Signal 
complement traces Separated by a Second dielectric coupling 
layer, Said Second Signal and Signal complement traces 
positioned relative each other to maximize broadside cou 
pling wherein Said first electrically conductive reference 
layer is positioned intermediate Said first signal and Signal 
complement traces and Said Second Signal and Signal 
complement traces and is separated from Said Second Signal 
trace by a Second Signal trace dielectric isolation layer and 
further comprising a Second Signal complement trace con 
ductive reference layer positioned on an opposite Side of 
Said Second signal and Signal complement traces Separated 
from Said Second signal complement trace by a Second 
Signal complement trace dielectric isolation layer. 

14. A packaged IC as recited in claim 13 and further 
comprising any number of additional Signal and Signal 
complement traces, each Separated by a dielectric coupling 
layer and positioned to maximize broadside coupling, Said 
additional Signal and Signal complement traces sharing a 
Signal trace conductive reference layer with another Signal 
and Signal complement trace pair on at least one side and 
having corresponding Signal trace and Signal complement 
trace dielectric layerS Separating Said Signal and Signal 
complement traces from Said Signal and Signal complement 
trace conductive reference layers. 

15. A method of manufacturing a packaged IC comprising 
the Steps of: 

calculating trace width and Spacing requirements of one 
or more signal and Signal complement traces for a 
matching impedance at a given dielectric constant 
using broadside coupling in an IC package design, 

positioning Said one or more Signal and Signal comple 
ment traces to maximize broadside coupling according 
to Said Step of calculating in an IC package design, 
positioning one or more signal and Signal complement 
trace conductive reference layerS parallel to Said Signal 
and Signal complement traces Separated by Signal and 
Signal complement trace dielectric isolation layers in an 
IC package design, 

manufacturing an IC package according to Said IC pack 
age design, and 

electrically connecting pads on an IC die to Said Signal 
and Signal complement traces of Said IC package. 

16. A method of manufacturing as recited in claim 15 
wherein Said IC package design wherein Said Signal trace, 
Signal complement trace, dielectric coupling layer, Signal 
and Signal complement trace dielectric isolation layers, and 
Signal and Signal complement trace conductive reference 
layers comprises a signal routing layer and Said IC design 
comprises at least two routing layers. 

17. A method of manufacturing as recited in claim 15 
wherein Said Step of calculating is performed for a ceramic 
dielectric. 

18. A method of manufacturing as recited in claim 15 
wherein Said Steps are performed for Said matching imped 
ance having a value of 50 ohms. 
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19. A method of manufacturing as recited in claim 15 and 
further comprising the Step of connecting Said Signal and 
Said Signal complement traces to via pairs, wherein Said via 
pairs are adjacent each other. 

20. A method of manufacturing as recited in claim 15 and 
further comprising the Step of electrically connecting Said 
Signal and Signal complement traces to a clock signal acceSS 
on Said IC package. 

21. A method of manufacturing as recited in claim 20 and 
further comprising the Step of positioning a plurality of 
Signal and Signal complement traces from Said clock signal 
access to a respective plurality of locations on Said IC 
package wherein all of Said Signal and Signal complement 
traces have Substantially the same length. 

22. A method of manufacturing as recited in claim 15, 
wherein Said packaged IC die is disposed on a circuit board 
having 50 ohm circuit board traces wherein leads on said IC 
package that are electrically connected to Said one or more 
Signal and Signal complement traces are connected to Said 50 
ohm circuit board traces. 

23. A method of manufacturing as recited in claim 15 
wherein Said Signal and Signal complement traces comprise 
first signal and Signal complement traces and further com 
prising the Step of positioning Second Signal and Signal 
complement traces to maximize edge-Side coupling, Sepa 
rated from Said Signal trace conductive reference layer by a 
Second Signal trace dielectric isolation layer. 

24. An IC die comprising: 
a plurality of first Signal and Signal complement die pads 

comprising a die pad pair, each first signal and Signal 
complement die pad pair aligned along parallel lines 
that are perpendicular to a die edge, Said plurality of 
first signal and Signal complement pads being adjacent 
Said die edge, 

a plurality of Second Signal and Signal complement die 
pads aligned along Said parallel lines that are perpen 
dicular to Said die edge, Said plurality of Second Signal 
and Signal complement die pads being on an opposite 
Side of Said plurality of first signal and Signal comple 
ment pads from Said die edge. 

25. An IC die as recited in claim 24 and further compris 
ing any number of additional pluralities of Signal and Signal 
complement die pads, each Signal and Signal complement 
die pad pair aligned along Said parallel lines. 

26. An IC die as recited in claim 24 wherein each said 
Signal and Signal complement die pad pair further comprises 
a reference and bias pad aligned along Said parallel lines. 

27. An IC die as recited in claim 26 wherein said signal, 
Signal complement, reference, and bias pads comprise a 
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Single Signal pad unit and wherein each Signal pad unit is 
either a receive signal pad unit or a transmit Signal pad unit 
and wherein Said reference and bias pads of a receive signal 
pad unit are closest to Said Signal and Signal complement 
pads of an adjacent parallel one of Said transmit pad units. 

28. An IC die as recited in claim 26 wherein said signal, 
Signal complement, reference, and bias pads comprise a 
Single Signal pad unit and wherein each Signal pad unit is 
either a receive signal pad unit or a transmit Signal pad unit 
and wherein Said transmit Signal and Signal complement 
pads are positioned as far away as possible from Said receive 
Signal and Signal complement pads. 

29. A method for laying out an IC comprising the Steps of: 
positioning a plurality of first Signal and Signal comple 

ment pads, each first signal and Signal complement pad 
pair aligned along parallel lines that are perpendicular 
to a die edge, Said plurality of first Signal and Signal 
complement pads being adjacent Said die edge, 

positioning a plurality of Second Signal and Signal 
complement pads aligned along Said parallel lines that 
are perpendicular to Said die edge, Said plurality of 
Second Signal and Signal complement pads being on an 
opposite Side of Said plurality of first signal and Signal 
complement pads from Said die edge. 

30. A method for laying out an IC as recited in claim 29 
and further comprising the Step of positioning any number of 
additional pluralities of Signal and Signal complement pads, 
each Signal and Signal complement pad pair aligned along 
Said parallel lines. 

31. A method for laying out an IC die as recited in claim 
29 and further comprising the Step of positioning a reference 
and a bias pad aligned along Said parallel lines. 

32. A method for laying out an IC die as recited in claim 
31 wherein Said Signal, Signal complement, reference, and 
bias pads comprise a Single Signal pad unit and wherein each 
Signal pad unit is either a receive signal pad unit or a transmit 
Signal pad unit and further comprising the Step of position 
ing Said reference and bias pads of a receive signal pad unit 
closest to Said Signal and Signal complement pads of an 
adjacent parallel one of Said transmit pad units. 

33. An IC die as recited in claim 31 wherein said signal, 
Signal complement, reference, and bias pads comprise a 
Single Signal pad unit and wherein each Signal pad unit is 
either a receive signal pad unit or a transmit Signal pad unit 
and further comprising the Step of positioning Said transmit 
Signal and Signal complement pas far away as possible from 
Said receive signal and Signal complement pads. 
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