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PRINTED CIRCUIT BOARD (PCB) WITH STUBS COUPLED TO
ELECTROMAGNETIC ABSORBING MATERIAL

Cross-Reference {o Related Applications

{08831} This apphcation claims priority to and the benefit of Non-Provisional Application Serial
No. 16/214,745 filed in the United States Patent Office on December 10, 2018 and
Provisional Application Serial No. 62/612,949 filed in the United States Patent Office
on January 2, 2018, the entire contents of which are incorporated herein by reference as

if fully set forth below in their entirety and for all applicable purposes.

Field

6602} Aspects of the present disclosure relate generally to printed circuit boards (PCBs), and
in particular, to a PCB with stubs coupled to electromagnetic absorbing material for
reducing resonance effect that may adversely irapact the transmission of a data signal

through a PCB.

Background

6603} Printed circuit boards (PCBs) are used in many applications for routing signals between
two or more devices. A typical PCB includes a set of stacked, horizontal metallization
layers separated by a set of stacked, horizontal dielectric {electrically-insulating) layers,
respectively. For manufacturing purposes, a PCB may further include a set of vertical
metallized vias or simply vias {(also known as plated-thru holes) electrically-connecting
the top or upper metallization layer to the bottom or lower metallization layer.

6864} Often a high-speed data signal (e.g., in the gigabits per second (Gbps) range) is routed
through various metallization layers and a via from a transnutting device to a receiving
device. As an example, the data signal may be routed through a top metallization layer,
a metalized via, and an intermediate {e.g., third from the top) metallization layer. As a
result of such construction, the portion of the via below the mtermediate metallization
fayer, defined as a stub or noun-signal-path portion of the via, is not actually needed for
routing the signal, and often produces a resonance that adversely affects the data signal.

10665} Accordingly, several PCB implementations are described herein that reduces the

adverse effects on data signals as a result of such stubs.
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SUMMARY

[6886] The following presents a simplified summary of one or more embodiments in order to
provide a basic understanding of such embodiments. This sumimary is not an extensive
overview of all contemplated embodiments, and is intended to neither identify key or
critical elements of all embodiments nor delincate the scope of any or all embodiments.
Its sole purpose is to present some concepts of one or more embodiments in a simplified
form as a prelude to the more detailed description that is presented later.

166071 An aspect of the disclosure relates 1o a printed circuit board (PCB), comprising: a set of
stacked metallization layers separated by a set of stacked electrical-insulating layers,
respectively, wherein the set of stacked metallization layers includes upper metallization
layer, lower metallization layer, and intermediate metallization layer; a via electrically
coupled to the upper metallization layer, the intermediate metallization layer, and the
lower metallization layer; and an electromagnetic absorbing material coupled to the via.

(6068

ot

Another aspect of the disclosure relates to a method of manufacturing a printed circuit
board (PCB), mcluding: forming a set of stacked metallization layers separated by a set
of stacked electrical-insulating layers, respectively, wherein the set of stacked
metallization layers includes upper metallization layer, lower metallization layer, and
intermediate metallization laver; formung a via electrically coupled to the upper
metallization layer, the intermediate metallization layer, and the lower metallization
layer, wherein the upper metallization layer, a portion of the via between the upper
metallization layer and the intermediate metallization layer, and the intermediate
metallization layer are configured to route a data signal between a signal-in and a
signal-out; and fornmung an electromagnetic absorbing material configured to reduce an
mtensity of a reflected signal resulting from the data signal propagating downward
along a stub of the via and reflecting off the lower metallization layer.

[8889] Another aspect of the disclosure relates to apparatus including a first device configured
to generate a data signal; a second device configured to receive the data signal; and a
printed circuit board (PCB) including a set of stacked metallization layers separated by a
set of stacked clectrical-insulating layers, respectively, wherein the set of stacked
metallization layers includes upper metallization layer, lower metallization layer, and
intermediate metallization layer, a via electrically coupled to the upper metallization

layer, the intermediate metallization layer, and the lower metallization layer, wherein
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the upper metallization layer, a portion of the via between the upper metallization layer
and the imtermediate metallization layer, and the intermediate metallization layer are
configured to route the data signal from the first device to the second device, and an
electromagnetic absorbing material configured to reduce an intensity of a reflected
signal resulting from the data signal propagating downward along a stub of the via and
reflecting off the lower metallization layer.

#8106} To the accomplishment of the foregoing and related ends, the one or more embodiments
inchude the features hereinafter fully described and particularly pointed out in the
claims. The following description and the annexed drawings set forth in detail certain
illustrative aspects of the one or more embodiments. These aspects are indicative,
however, of but a few of the various ways in which the principles of various
embodiments may be employed and the description embodiments are intended to

include all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

0011 FiG. 1 illustrates a block diagram of an exemplary data communication system in
accordance with an aspect of the disclosure.

(3812} FIG. 2 illustrates a cross-sectional view of an exemplary printed circuit board (PCB) in
accordance with another aspect of the disclosure.

(6613} F1G. 3 illustrates a cross-sectional view of another exemplary printed circuit beard
{(PCB) in accordance with another aspect of the disclosure.

[6014] FIG. 4 illustrates a cross-sectional view of another exemplary printed cireuit board
(PCB) in accordance with another aspect of the disclosure.

[0815] FIG. 5 illustrates a cross-sectional view of another exemplary printed circuit board
(PCB) in accordance with another aspect of the disclosure.

[6816] FIG. 6 illustrates a cross-sectional view of another exemplary printed circuit board
(PCB) in accordance with another aspect of the disclosure.

(0617} F1G. 7 ilhustrates a cross-sectional view of another exemplary printed circuit board
{(PCB) in accordance with another aspect of the disclosure.

[6018] FIG. 8 illustrates a cross-sectional view of another exemplary printed circuit board
(PCB) in accordance with another aspect of the disclosure.

(0819} FIG. 9 illustrates a cross-sectional view of another exemplary printed circuit board

(PCB) in accordance with another aspect of the disclosure.
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(0628} F1G. 10 illustrates a cross-sectional view of another exemplary printed circuit board
{(PCB) in accordance with another aspect of the disclosure.

(6021} FIG. 11 illustrates a graph of insertion loss over frequency for printed circuit boards
(PCBs) with unterminated and terminated stubs in accordance with another aspect of the
disclosure.

[3022] F1G. 12 illustrates respective graphs of material loss factor and material dielectric
constant over frequency for dielectric and electromagnetic absorbing materials of a
printed circuit board (PCB) in accordance with another aspect of the disclosure.

6023} FIG. 13A illustrates a perspective view of an exemplary differential transmission line in
accordance with another aspect of the disclosure.

0624 FiG. 138 illustrates a graph of exemplary simulated and measured frequency responses
of the differential transmission line of FIG. 13A 1 accordance with another aspect of
the disclosure.

[#625] FIG. 14 illustrates a side sectional view of an exemplary printed circuit board (PCB) in
accordance with another aspect of the disclosure.

(6626} FIG. 15 llustrates a side sectional view of another exemplary printed circuit board
{PCB) in accordance with another aspect of the disclosure.

{0827} FiG. 16 illustrates a flow diagram of an exemplary method of manufacturing a printed

circuit board (PCB) in accordance with another aspect of the disclosure.

DETAILED DESCRIPTION

(0828} The detailed description set forth below, in connection with the appended drawings, is
mtended as a description of various configurations and is not intended to represent the
only configurations in which the concepts described herein may be practiced. The
detailed description includes specific details for the purpose of providing a thorough
understanding of the various concepts. However, it will be apparent to those skilled in
the art that these concepts may be practiced without these specific details. In some
instances, well-known structures and components are shown in block diagram form in
order to avoid obscuring such concepts.

(60291 FIG. 1 ilhustrates a block diagram of an exemplary data communication system 100 in
accordance with an aspect of the disclosure. As an example, the data communication

system 100 may pertain to a Peripheral Component Interconnect Express (PCl-¢), a
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[0830]

0631}

0832}

[0833]

Double Data Rate (DDR) 4 memory interface, or other type of data transmission system.
In this example, the data communication system 100 inchudes a first device 110, a
second device 130, and a data communication medium 120 coupling the first device 110
to the second device 130.

In this example, the data communication medium 120 includes a printed cireuit board
(PCB) 122 with a set of data commumnication lanes 124-1 to 124-n. As an example, if

each of the data comumunication lanes 124-1 to 124-n is configured in accordance with a

&

£

PCl-¢ format, each data communication lane includes a first pair of electrical conductors
for routing a differential serial data signal from the first device 110 to the second device
130, and a second pair of clectrical conductors for routing a differential serial data
signal from the second device 130 to the first device 110. Tt shall be understood that
depending on the data coronunication systern, the data communication lane may be
configured differently, such as for unidirectional data commumication, data
communication via single-ended signals, or parallel data communication.

FI1G. 2 illustrates a cross-sectional view of an exemplary printed circuit board (PCB)
200 in accordance with another aspect of the disclosure. The PCB 200 may be an
exemplary detailed implementation of the PCB 122 of data communication system 100
The PCB 200 includes a set of stacked, horizontal metallization layers MO to M10
separated from cach other by a set of dielectric (electrically-insulating) layers,
respectively. The metallization layer M{ is situated at the bottom of the PCB 200, and
the metallization layer M10 is situated at the top of the PUB 200. The remaining
metallization layers M1 to M9 are intermediate metallization layers vertically stacked in
order from the bottom metallization layer M0 towards the top metallization layer M10.
Although m this example the PCB 200 has 11 metallization layers M0 to M10, it shall
be understood that the PCB 200 may have a different number of metallization layers.
The PCB 200 further includes a set of vertical metallized vias 210 (one shown for case
of illustration) electrically connecting the top metalhization layer M10 to the bottom
metallization layer M{. Often, the metallization layers and the vias are used to route a
data signal from an originating device (e.g., the first device 110) to a destination device
(e.g., the second device 130). In the illustrated example, a data signal “s” 1s routed from
a signal-in region of the top metallization layer M 10 to a signal-out region of one of the

intermediate metallization layers (e.g., layer M8) via an upper portion of the via 210, In
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many cases, it may be desirable to route data signals via upper metallization layers, such
as metathzation fayers M10 and M8 as illustrated.

At least a portion of intermediate metallization layer M9 below the top metallization
layer M10 and above the intermediate metallization layer M8 serves as a ground plane
to configure the signal routing path from the signal-in to the signal-out essentially as a
microstrip. It shall be understood that the signal routing path along the PCB 200 may
be configured in other manners, such as a stripline, coplanar microstrip, suspended
microstrip, as well as others. As an example, if configured as a stripline, a data signal
intermediate metalhization layer is situated above and below two ground plane
mtermediate metallization layers. A coplanar microstrip has twe ground planes on
either side of a data signal metallization trace, all formed on the same metallization
fayer. A suspended microstiip has a ground plane that may be several layers below or

above a data signal metallization trace.

6035} In this configuration, a portion 212 of the via 210 below the intermediate metallization

[#836

|

jayer M&, referred to herein as a stub, serves no signal routing purposes, and, in fact,
may produce an adverse resonance effect on the data signal “s” being routed. For
instance, if the length of the stub 212 between the intermediate metallization layer M8
and the bottom metallization layer MO is a quarter wavelength (A/4) at a frequency that
falis within the spectrum of the data signal "s”, the data signal “s” exhibits a notch at
such particular frequency.

FIG. 11 illustrates a graph of the insertion loss from the signal-in to the signal-out over
frequency for the signal routing configuration of PCB 200. The y- or vertical axis
represents the insertion loss ranging from 0 decibel (dB) at the top to -25dB at the
bottom of the graph. The x- or horizontal axis represents frequency of the data signal
from 0 to 50 gigahertz (GHz). As illustrated, in this example, the quarter wavelength
(3/4) length of the stub 212 between the intermediate metallization layer M& and the
bottom metallization layer MO corresponds to a frequency of about 15 GHz, which
produces an insertion loss notch labeled “md” of over 20dB between the signal-in and

the signal-out.

(0637} In effect, a portion of the data signal “s” continues down the stub 212, and then reflects

off the bottom metallization layer M0 to generate a reflected signal “r”. The reflected

L2}

signal “r” destructively combines with the data signal “s” at the junction of the
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mtermediate metallization layer M8 and the via 210 to produce the nsertion loss notch
A9

“m4”. The notch “m4” has the further negative consequence of reducing or even

closing the data eye of the data signal “s”.

[0838] FiG. 3 illustrates a cross-sectional view of another exemplary printed circuit board

[6039

6040

e}

[l

(PCB) 300 in accordance with another aspect of the disclosure. The PCR 300 may be a
cross-section view of the PCB 200 vertically along the via 210 and viewed from the
perspective of the signal-out looking towards the via 210. In this example, the PCB 300
inchudes a pair of vias 310-1 and 310-2 extending from the top metallization layer M10
to the bottom metallization layer MO of the PCB 300.

A pair of signals “si” and “32” are routed from the top metallization layer M 10 to a pair
of separatc metallization traces at layer M8 (represented as squares with dots therein)
via upper portions of the vias 310-1 to 310-2, respectively. The pair of signals “s1” and
“s2” may be separate single-ended signals, or positive and negative components of a
differential signal, or a component of a first differential signal and a component of a
second differential signal. As such, the signals “s1” and “s2” may somehow be related
such that the positioning of the vias 310-1 and 310-2 are relatively close to each other.
As illustrated, portions of the signals “s1” and “s2” travel down stubs 312-1 and 312-2
of vias 310-1 and 310-2, and reflects off the separate bottom metallization layer pads
M0 to produce reflected signals “r1” and “r2”, respectively. As illustrated, the reflected
signals “r1” and “12” produce electromagnetic fields as represented by the ellipses
around the reflected signals “r1” and “r2”. Because the stubs 312-1 and 312-2 are
reflectively close to each other, the clectromagnetic ficlds produced by the reflected
signals “r1” and "“12” mterfere with each other. As a result, in addition to the adverse
effects on the insertion loss and the data eye of the signals “s1” and “s27, another
drawback of the stubs 312-1 and 312-2 is increased crosstalk between the signals “s1”

and “s2” because of the mutually interfering electromagnetic fields.

[0841] FIG. 4 illustrates a cross-sectional view of another exemplary printed circuit board

(PCB) 400 in accordance with another aspect of the disclosure. One solution for
reducing the negative effects associated with such stubs is to shorten the stubs by back
drilling. Back drilling is a process of shortening the stubs by drilling mto the stubs from
the bottom of the PCB to remove a defined length of the stubs. PCB 400 is an example

of one that has undergone back drilling.
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(0842} As illustrated, the PCB 400 includes via 410 with a stub 412 that has been shortened by
back drilling. In this example, the stub 412 extends from the intermediate metallization
layer M8 to a pre-defined distance below the intermediate metallization layer M8, In
this example, the stub 412 extends to approximately the same level as intermediate
metallization layer M6. As result of the back drilling, a cavity or bore 420 is formed
below the stub 412 and extends to the bottom of the PCB 400. Accordingly, the quarter
wavelength (3/4) of the stub 412, being substantially shorter due to the back drilling, is
associated with a rouch higher frequency. Thus, the back drilting of the stub 412 results
in pushing the resulting insertion loss notch to a frequency above the spectrum of the
data signal “s”.

8843} However, such back drilling makes the manufacturing of the PCB 400 complex, time-
consuming, and expensive. In addition, because the vias 410 may be positioned close to
each other to make efficient spatial use of the PCB footprint, the back drilling may not
be possible because holes would ran into each other and/or they would violate PCB
manufacturing reliability rules.

(6044} FIG. 5 illustrates a cross-sectional view of avother exeroplary printed cireuit board
(PCB) 500 mn accordance with another aspect of the disclosure.  Another approach to
reduce the adverse effects of stubs of a PCB is to add termination resistors to the end of
the stubs at the bottom of the PCB in order to provide a load for the signal “”
propagating down the stubs. This reduces the intensity of the reflected signals so as to
reduce the adverse effects on the data signals due to the reflected signals. PCB 500 is
an exaraple of one that has been configured per this approach.

[8845} In particular, PCB 500 includes a via S10 that extends from the top metallization layer
M10 to the bottom metallization layer MO, As illustrated, a data signal “s” propagates
from a signal-in to a signal-out by way of the top metallization layer M10, an upper
portion of the via 510, and the imtermediate metaflization layer M8, As also illustrated,
a portion of the data signal “s” travels down along a stub portion 512 of the via 510
towards the bottom metallization fayer M0.

8646} In this case, the PCB 500 further includes a chip resistor 520 with a first terminal
electrically coupled to the lower end of the stub 512 at a pad of the bottom metallization
layer M0, and a second terminal coupled to a grounded terminal at another pad of the

bottom metallization layer M0O. The chip resistor 520 functions as a termination load to
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0847}

[0048]

{66491

[06050]

sink the portion of the data signal “s” propagating down the stub 512 below the
mtermediate metallization layer M8. This reduces or eliminates the reflected signal to
prevent adverse effects on the data signal “s” propagating towards the signal-out.

A drawback of the termination resistor approach is that the PCB 500 may include a
large number of stubs. This would result in a large number of chip resistors that need to

be installed on the PCB 500. Similar to the previous approach, this results in a

L

complex, time-consuming, and cosily manufacturing process for the PCB 500,
Additionally, because of the spacing between adjacent stubs and the size of each chip
resistors, there may not be sufficient PCB footprint to rehiably or possibly mstall the
needed chip resistors.

FiG. 6 illustrates a cross-sectional view of another exemplary printed circuit board
(PCB) 600 in accordance with another aspect of the disclosure. To elinunate or reduce
an intensity of a reflected signal off the bottom end of a via 610, the PCB 600 includes
an clectromagnetic absorbing material 620 attached to the bottom of the PCB; and in
particular, directly undemeath a swb 612 of the via 610, As m the previous
implementations, a data signal “s” propagates from a signal-in to a signal-out via the top
metallization layer MO, an upper portion of the via 610, and the intermediate
metallization layer M8. It shall be understood that the data signal “s” may travel inx the
opposite direction, i which case, the signal-in is the signal-out, and the signal-out is the

173

signal-in. In either case, a portion of the data signal “s” travels down the stub 612
towards the bottom metallization layer M{.

In this case, the clectromagnetic absorbing material 620 sinks (e.g., converts mto heat)
the portion of the data signal “s” that propagates down the stub 612 to the bottom
metallization layer MO so as to eliminate or substantially reduce the intensity of a
eflected signal. As a result, the elimination or reduction in the intensity of the reflected
signal produces less negative cffects on the data signal “s” propagating towards the
gignal-out. In particular, the nsertion loss notch that was previously associated with the
unconmpensated PCB 200 is substantially reduced as a result of the electromagnetic
absorbing material 620.

This is shown in FIG. 11, where the insertion loss of the data signal “s” between the
signal-in and the signal-out, includes an insertion loss notch labeled as “m5” that is

about -11dB at arcund 15 GHz, as compared to the insertion loss notch “m4” at about -
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0652}

[$853}]
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21dB. This is a substantial improvement in the insertion loss and also leads to a larger
data eye as well as a reduction in crosstalk between adjacent stubs. As an example, the
electromagnetic absorbing material 620 may be made out of a polystyrene
electromagnetic absorbing material, such as materials MT-26 or MT-24 manufactured
by Dutch Microwave Absorber Solutions (DMAS). it shall be understood that other
types of materials may be used for the electromagnetic absorbing material 620.

FI1G. 12 illustrates a pair of graphs of the material loss factor and material dielectric
constant over frequency for the clectromagnetic absorbing material 620 and the
dielectric {(clectrically-insulating) layers of the PCB 600. In this example, the
electromagnetic absorbing material 620 is the MT-26 material by DMAS and the
diclectric {clectrically-insulating) material of the PCB 600 is FR-4, which is a
composite material composed of woven fiberglass cloth with an epoxy resin binder that
is flame resistant. It shall be understood that the dielectric (electrically-insulating)
fayers of the PCB 600 may include other types of electrical-insulating material.

The material loss factor graph has a y- or vertical axis that represents electromagnetic
loss ranging from near zero {e.g., 0.018) at the bottom to four (4) at the top. The x- or
horizontal axis represents frequency from 0 Hz to 25GHz. The graph having diamond
shape points indicates the material loss factor for the FR-4 dielectric (electrically-
msulating) material of the PCB 600. The graph having circolar points mndicates the
material loss factor for the MT-26 clectromagnetic absorbing material 620,

As illustrated, the material loss factor of the FT-4 material is substantially flat at 0.014
or substantially very low loss across a frequency range from OHz to 20GHz. This is
expected as it is desirable that the dielectric (electrically-insulating) laver of the PCB
600 has very low signal loss properties to munimize the loss of a data signal while the
data signal propagates through the PCB 60{. On the other hand, the material loss factor
of the MT-26 material has a loss factor of 3-3.5 (~250X attenuation than FR4) at around
3-4 GHz and gradually decreases to about 1 (~70X attenuation than FR4} at around
18GHz. The higher loss of the MT-26 material is desirable in order to sink the portion
of the data signal “s” propagating down the stub 612 to the bottom metallization layer
MO to prevent or reduce a reflected signal that may cause adverse effects on the data

signal “8” propagating from the signal-in to the signal-out.
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{6054} The material dielectric constant graph has a y- or vertical axis that represents a diclectric
constant ranging from 0 at the bottom to seven (7) at the top. The X- or horizontal axis
represents frequency from OHz to 25GHz. The graph with square points indicates the
diclectric counstant for the FR-4 dielectric {clectrically-insulating) material of the PCB
600. The graph with circular pomts indicates the dielectric constant for the MT-26
electromagnetic absorbing material 620.

{8855} As illustrated, the dielectric constant of the FR-4 material is substantially constant at
about 3.5 over a frequency range of around 0Hz to 20GHz. The dielectric constant of
the MT-26 material decreases dramatically from almost 7 to about 2 over a frequency
range of about 2GHz to 6GHz, and remains substantially constant at around 2 over a
frequency range from 6GHz to 18GHz. For reduction in the reflected signal generated,
it is preferred that the dielectric constant of the clectromagnetic absorbing material 620
is as close as possible to the dielectric constant of the dielectric (electrically-insulating)
fayer of the PCB 600. Here, the difference is about 1.5 in the frequency range of
interest, which in many applications is acceptable.

{8656} The electromagnetic absorbing material 620 way be configured as a sheet of material
attached to the bottom metallization layer MO directly underncath a set of stubs 612
{although a single stub 612 is shown for case of illustration purposes). As an cxample,
the electromagnetic absorbing material 620 may have a thickness of about 0.5
millimeter (mum}, which resolts in a 9.2dB improvement in insertion loss and a 11
percent improvement in the data eye width. It shall be understood that the thickness and
shape of the clectromagnetic absorbing material 620 may be tuned for desired or
optimal performance associated with insertion loss, data eye, and/or crosstaik.

{6837} Referring again to FIG. 6, the ground plane at imtermediate metallization layer M9 may
have ground vias or stubs 614 and 616 electrically connecting the ground plane to the
bottom ground metallization layer MO. Accordingly, the clectromagnetic absorbing
material may also be attached to the bottom metallization layer MO directly underneath
the stubs 614 and 616.

10658} FIG. 7 illustrates a cross-sectional view of another exemplary printed circuit board
(PCB) 700 in accordance with another aspect of the disclosure. The PCB 700 is a
variation of PCB 600. In particular, the PCB 700 includes a pair of stacked layers 720

and 730 attached to the bottom of the PCB 700; and in particular, to a region directly



WO 2019/135862 PCT/US2018/064870

12

underneath a via 710 inchiding a stub 712 (although in a more practical application, the
stacked layers 720 and 730 extend continuously in the horizontal direction so that it is
disposed directly underneath a set of stubs 712, such as ground vias or stubs 714 and
716 electrically connected to the ground plane on intermediate metallization layer M9
and bottom metallization layer MO.

[#859] The upper layer 720 of the stacked layers serves to produce a transitional impedance
between the effective impedance of the stub 712 along the dielectric (electrical-
insulating) material of the PCB 700 and the lower stacked layer 730, The lower layer
730 is an electromagnetic absorbing material similar to the electromagnetic absorbing
layer 620 discussed above. To achieve the transitional impedance, the upper layer 720
may be configured fo have a diclectric constant between the diclectric constant of the
dielectric (electrically-insulating) layer of the PCB 700 and the electromagnetic
absorbing material 730. As an example, if the dielectric (electrically-insulating) layer of
the PCB 700 is FR-4 (which has a dielectric constant of around 3.5), and the
clectromaguoetic absorbing material 730 is MT-26 (which has a diclectric constant of
around 2), the upper layer 720 may be configured with a dielectric constant of around
2.8.

[0860] The transitional impedance function of the upper layer 720 produces a smoother
mmpedance transition between the effective tmpedance of the stub 712 and that of the
electromagnetic absorbing material 730. This results n a further reduction in the
intensity of a reflected signal produced along the stub 712. As a result, the reflected
signial, it any, has less adverse cffect on the data signal “s” propagating from a sigoal-in
to a signal-out via the top metalhization layer Mi0, via 710, and intermediate
metallization layer M8&.

[6861] FIG. 8 illustrates a cross-sectional view of another exemplary printed circuit board
(PCB) 800 in accordance with another aspect of the disclosure. In this exemplary
mplementation, the PCB 800 includes an electromagnetic absorbing material 820
coaxially surrounding and attached to a portion of a stub 812 of a via 810 below the
intermediate metallization layer ME. The electromagnetic absorbing material 820 may
be configured similar to the other electromagnetic absorbing materials 620 and 730

described herein.  As an example, the electromagnetic absorbing material 820 may be
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made out of a polystyrene electromagnetic absorbing material, such as materials MT-26
or MT-24 manufactured by DMAS.

The electromagnetic absorbing material 820 absorbs the portion of the data signal *s”
that propagates down the stub 812 below the intermediate metallization layer MBS,
Thus, the electromagnetic absorbing material 820 sinks {e.g., converts into heat) the
portion of the data signal “s” propagating via the stub 812 below the intermediate
metallization layer M8 to reduce or eliminate any reflected signal that would otherwise
result if the data signal “s™ were to propagate to the bottom metallization layer MO
unabated. As an example, the thickness of the electromagnetic absorbing material 820
may be 20 micrometers {pm) and a length of 1.4mm. It shall be understood that the
length and thickness of the clectromagnetic absorbing material 820 may be tuned for
desirable or optimal performance when it comes to insertion loss, data eye, and/or
crosstafk.

Again, this has the benefit of reducing the insertion loss of the data signal “s” as it
propagates from the signal-in to the signal-out by way of the top metallization layer
M10, upper portion of the via 810, and the intermediate metallization layer M8, Also,
as discussed, additional benefits include wider data eye and less crosstalk between
adjacent stubs. Although, in this example, only a single clectromagnetic absorbing
material 820 i3 shown coaxially around a portion of the stub 812, 1t shall be understood
that the PCB 800 may mclude other stubs with corresponding electromagnetic
absorbing material 820 in a like configuration.

FI1G. 9 illustrates a cross-sectional view of another exemplary printed circuit board
(PCB) 900 in accordance with another aspect of the disclosure. The PCB 900 is a
combination of the prior embodiments of PCB 600 and 808. That is, the PCB 900
includes an electromagnetic absorbing material 920 coaxially surrounding and attached
to a portion of a stub 912 of a via 910 below an intermediate metallization layer M8,
Additionally, the PCB 900 includes an electromagnetic absorbing material 930 attached
to the bottom of the PCB 900; and in particular, directly underneath the stub 912, as
well as other stubs, including ground vias or stubs 914 and 916 clectrically connected to
the ground plane at intermediate metallization layer M9 and bottom metallization layer

MO.
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[6065] The electromagnetic absorbing materials 920 and 930 may be the same material (e.g.,
both made out of MT-26 or MT-24) or may be different materials. Again, if the PCB
900 includes a set of stubs, the PCB includes a set of clectromagnetic absorbing
material 920 coaxially attached to portions of the set of stubs, respectively.
Additionally, the PCB 900 may include one or more electromagnetic absorbing material
930 attached to the bottom of the PCB directly underneath the set of stubs.

[6866] F1G. 10 illustrates a cross-sectional view of another exemplary printed circuit board
(PCB) 10090 in accordance with another aspect of the disclosure. The PCB 1000 is a
combination of the implementations of PCB 700 and 800 described above. That is, the
PCB 1000 includes an electromagnetic absorbing material 1020 coaxially surrounding
and attached to a portion of a stub 1012 of a via 1010 below an intermediate
metallization layer M8, Additionally, the PCB 1000 includes a set of stacked layers
1030 and 1040 attached to the bottom of the PCB 1000; and in particular, directly
underneath the stub 1012, as well as other stubs, including the ground vias or stubs 1014
and 1016 electrically connected to the ground planc at intermediate metallization layer
M9 and bottom metallization layer M0, The stacked layers include an imopedance
transitioning dielectric layer 1030 and an electromagnetic absorbing layer 1840, The
impedance transitioning layer 1030 may have a dielectric constant between the
dielectric constant of the dielectric {clectrical-insulating) layer of the PCB 1000 and the
dielectric constant of the electromagnetic absorbing layer 1040.

#8671 The clectromagnetic absorbing materials 1020 and 1040 may be the same material (e.g.,
both made out of MT-26 or MT-24) or may be different materials. Again, if the PCB
1000 includes a set of stubs, a set of clectromaguetic absorbing material 1020 coaxially
surrounds portions of the set of stubs, respectively. Additionally, the PCB 1000 may
include one or more stacked layers 1030 and 1040 attached to the botiom of the PCB
directly underneath the set of stubs.

[0868] FIG. 13A illustrates a perspective view of an exemplary differential transmission line
1300 in accordance with another aspect of the disclosure. The differential transmission
line 1300 was used to verify the simulated frequency response of the differential
transnussion line with a via stub that has not been compensated with an inclusion of an

electromagnetic absorbing material.
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6069} In particular, the differential transmussion line 1300 includes positive and negative
differential signal inputs Si. and S;. formed at respective first ends of a first pair of
differential transmission lines 1310+ and 1310-) respectively. The first pair of
transmission lines 1310+ and 1310- may be formed on a top or upper metallization layer
of a printed circuit board (PCB). A first (transmitting) differential device (not shown)
may be coupled to the differential signal inputs 8; and ;. of the first pair of differential
transnussion lines 1310+ and 1310-, respectively.

(0670} The differential transmission line 1300 further inchudes a first pair of differential
metallized vias 1320+ and 1320- electrically connected to second ends of the first pair
of differential transmission lines 1310+ and 1310~ respectively. The metallized vias
1320+ and 1320- extend downwards and make electrical contact to the bottom or lower
metallization layer of the PCB.

{3871} The differential transmission line 1300 further includes a second pair of differential
transmission lines 1330+ and 1330-, respectively. The second pair of transmission lines
1330+ and 1330- may be formed on an intermediate metallization layer of the PCB, i.e.,
a metallization layer between the top or upper metallization layer and the bottom or
lower metallization layer. The second pair of transmission lines 1330+ and 1330-
include first ends electrically connected to the first pair of differential metallized vias
1320+ and 1320-, respectively.

{8872} The differential transmission line 1300 further includes a second pair of differential
metallized vias 1340+ and 1340- extending from the top or upper metallization layer to
the bottom or lower metallization layer. The second pair of differential transmission
Iines 1330+ and 1330- include second ends electrically connected to second pair of
differential metallized vias 1340+ and 1340-, respectively.

{0873} The differential transmission Hne 1300 further includes a third pair of differential
transmission lines 1350+ and 1350-, respectively. The third pair of transmission lnes
1350+ and 1350- may be formed on top or upper metallization layer of the PCB. The
third pair of transmission liens 1350+ and 1350- include first ends electrically connected
to the second pair of differential metallized vias 1340+ and 1340-, respectively. The
third pair of differential transmission lines 1350+ and 1350- include second ends that

may serve as differential signal outputs S, and S, respectively. A second (receiving)
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differential device (not shown) may be coupled to the differential signal outputs S, and
Se-» respectively.

[6874] As the differential transmission line 1300 does not include an electromagnetic absorbing
material coupled to the stubs of the metallized vias 1320+/1320- and 1340+/1340-, the
transmission of a differential signal from the differential input 5;:/8;. to the differential
output Se/S,. results in a notch in the frequency response of the differential
transmission line 1300,

(0675} F1G. 13B illustrates a graph of exemplary simulated and measured frequency response
of the differential transmission fine 1300 in accordance with another aspect of the
disclosure. The y- or vertical-axis represents insertion loss from 0dB at the top to -35
dB at the bottom of the scale. The x- or horizontal axis represents frequency from OHz
at the far left to 20GHz at the far right.

[#876] The graph illustrates that the simulated frequency response of the differential
transnussion line 300 is substantially the same as its measured frequency response.
Thus, the differcntial transmission line 300 has a substantially flat frequency response
with about 0 to 2.5dB of insertion loss between 0 to 9GHz, Between 9 to 18 GHz, the
frequency response of the differential transmission line 300 exhibits at notch with a
peak insertion loss at around 13GHz.

{00771 As discussed, the notch 18 due to the stubs below the attachments of the transmission
tines 1330+ and 1330- to the vias 1320-+/1320- and 1340+/1340-; producing a reflected
differential signal off the bottom of the stub that propagates upwards along the stubs and
deconstructively combines with the differential signal propagating from the signal input
Si/8i. to the signal output 5,./8,.. As discussed, the use of an electromagnetic absorbing
material coupled to the stubs of the differential transmission hne 300 would
substantially reduce the profoundness of the notch such that the frequency response of
the transnussion line 300 would not significantly affect the transmission of the
differential signal from the signal mput 5:/3; to the signal output So+/Se..

[6878] FIG. 14 illustrates a side sectional view of an exemplary printed circuit board (PCB)
1400 in accordance with another aspect of the disclosure. In this example, the PCB
1400 1s undergoing a process of forming an electromaguetic absorbing material along

the bottom of a via stub as discussed.
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6679} The PCB 1400 includes a sct of metallization layers interposed between a sct of
electrically-insulating layers, which, for ease of description purposes, is represented
collectively as 1410. The PCB 1400 further includes a stub 1420 extending down to a
metallization pad 1430, which may be on the lowest metallization layer (e.g., MO) of the
PCB 1400. Additionally, the PCB 1400 includes one or more grounded metallization
pads 1440, which may also be on the lowest metallization layer (e.g., M0) of the PCB
1400.

{6680} To form an clectromagnetic absorbing matcrial 1460 coupled to the stub 1420, a mask
flayer 1450 may be deposited and patterned over the ground pads 1440. Then, the
electromagnetic absorbing material 1460 is formed over the metallization pad 1430, as
well as over the mask layer 1450, As an example, the clectromagnetic absorbing
material 1460 may be sprayed over the bottom of the of the PCB 1400 to form the
electromagnetic absorbing material over the metallization pad 1430 and mask layer
1450. For example, such sprayable electromagnetic absorbing material include
urethane, silicone, or epoxy. The electromagnetic absorbing material 1460 over the
mask layer 1450 may be subsequently removed leaving only the electromagnetic
absorbing material 1460 over the metallization pad 1430 coupled to the stub 1420.

0881 FIG. 15 illustrates a side sectional view of another exemplary printed circuit board
(PCB) 1500 m accordance with another aspect of the disclosure. Similarly, in this
example, the PCB 1500 is undergoing a process of forming an electromagnetic
absorbing material along the bottom of a via stub as discussed.

[6682] The PCB 1500 includes a set of metallization layers interposed between a set of
electrically-insulating layers, which, for ease of description purposes, is represented
collectively as 1510. The PCB 1500 further mcludes a stub 1520 extending down to a
metallization pad 1530, which may be on the lowest metallization layer (e.g., M0) of the
PCB 1500. Additionally, the PCB 1500 includes one or more grounded metallization
pads 1540, which may also be on the lowest metallization layer (e.g., M0) of the PCB
1500.

18683} Then, an electromagnetic absorbing material 1550 is formed over the metallization pad
1430, as well as over the ground metallization pads 1540,  Similarly, the
electromagnetic absorbing material 1550 may be sprayed over the bottom of the of the

PCB 1500 to form the clectromagnetic absorbing material over the metallization pads
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1530 and 1540. For example, such sprayable electromagnetic absorbing material
inchide urethane, silicone, or epoxy.

[6084] FIG. 16 illustrates a flow diagram of an exemplary method 1600 of manufacturing a
printed circuit board (PCB) in accordance with another aspect of the disclosure.

[0885] The method 1600 mncludes forming a set of stacked metallization layers separated by a
set of stacked electrical-insulating layers, respectively, wherein the set of stacked
metallization layers includes upper metallization layer, lower metallization layer, and
intermediate metallization layer (block 1610).

6086} The method 1600 further meludes forming a via electrically coupled to the upper
metallization layer, the intermediate metallization layer, and the lower metallization
layer, wherein the upper metallization laver, a portion of the via between the upper
metallization layer and the intermediate metallization layer, and the ntermediate
metallization layer are configured to route a data signal between a signal-in and a
signal-out (block 162{).

[6887] Additionally, the method 1600 includes forming an electromagnetic absorbing material
configured to reduce an mtensity of a reflected signal resulting from the data signal
propagating downward along a stub of the via and reflecting off the lower metallization
layer {block 1630).

[8888] The previous description of the disclosure is provided to enable any person skilled in the
art to make or use the disclosure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles defined hercin may be
applied to other variations without departing from the spirit or scope of the disclosure,
Thus, the disclosure is not intended to be hmited to the examples described herein but is
to be accorded the widest scope consistent with the principles and novel features

disclosed herein.



