FAIRCHILD.

Is Now Part of

ON Semiconductor®

To learn more about ON Semiconductor, please visit our website at
www.onsemi.com

ON Semicond and the ON Semiconductor logo are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries. ON Semiconductor owns the rights to a number
of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. ON Semiconductor reserves the right
to make changes without further notice to any products herein. ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products and applications using ON
icond products, i with all laws, reg; and safety requil or standards, regardless of any support or applications information provided by ON . “Typical” p which may be provided in ON
Semiconductor data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s
hnical experts. ON S or does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not designed, intended, or authorized for use as a critical component in life support systems or any FDA
Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON icond products for any such unintended
or unauthorized application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, d and exp andr ble attorney fees arising out
of, directly or indirectly, any claim of personal injury or death iated with such ded or ized use, even if such claim alleges that ON S or was garding the design or manufacture of the part. ON Semiconductor
is an Equal Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.




FAIRCHILD.

AN-6103

www.fairchildsemi.com

PCB Routing Methodology for Fairchild’s SuperSpeed

USB 3.1 Switch Family

Introduction

The introduction of USB Type-C has provided a significant
launch opportunity for USB3.1 data rates across an array of
platforms from portable to desktop and beyond. This
proliferation of Type-C will certainly create challenges due to
the high speed nature of the interface. High Speed USB2.0
presented enough of a system design challenge for tiny
mobile device OEM’s trying to pass USB eye compliance. A
10X or even 20X increase in data rates will propagate that
challenge far beyond the issues that were raised with HS.
PCB traces in these systems must be treated as sensitive
transmission lines where low-loss impedance control is king.
Every effort must be made to make these paths as ideal as
possible to prevent signal loss and unwanted emissions that
could infect other systems in the device.

The parameters that make a transmission line ideal are
typically at odds with system designers that have many
other variables to consider such as component placement,
thermal dissipation and radio frequency concerns
associated with wireless technologies. Also, the expertise
of the person or persons making the decisions about
system design may not be well educated in the art of
controlling high frequency phenomenon. The priority of
SuperSpeed circuits must be near the front of the line
when laying out a system. This usually involves physically
placing the associated components close in proximity
using high quality, well controlled transmission lines that
don’t traverse PCB’s with connectors and/or flex cables. If
these rules are not followed additional circuitry such as re-
drivers or re-clocking devices may be required, increasing
the cost and complexity of the system.

High Speed USB has only two signals that need high
frequency consideration, DP and DM. With only one pair
the routing and placement of the PCB components and
traces are relatively straight forward. SuperSpeed has four
pairs of signals due to the duplex nature of the interface and
the reversibility of the Type-C connector. Add to that a
connector footprint that has not 5 but 24 pins to deal with.
With this connector pad density the board designer is forced
to route these SuperSpeed pairs on buried layers to avoid
other components and crossing of other traces. This requires
the use of vias in the transmission lines which will and add
discontinuities to the path (in many other cases high speed
traces could have been routed on surface layers without
having to add vias). There are many considerations and
rules that can be followed to minimize the parasitic effects
of poor impedance control. This paper describes some of
these methods.

Procedure

The following is a typical list of parameters that affects the
transmission line quality in a high frequency system:

1. PCB material — There are an array of choices available
for high frequency PCB construction. Standard FR4 is
the material of choice for the vast majority of electronic
systems worldwide. Cost is a significant factor in any
consumer-driven device so there is reluctance to
upgrade the PCB material, manufacturers will look for
other ways to improve performance.

2. Transmission Line Structure — There are many styles
of transmission line structure that can provide a
controlled impedance path. The choice of structure may
be dictated by board stack up, space availability or EMI
related concerns. Typically these critical traces are not
routed by auto routers and can be done manually.

3. Trace Width — The width of the trace can have a role
in impedance control typically when the pad of a
component is sized differently than the width of the
carefully calculated trace width. Sometimes it’s good
practice to size the trace width close to the device pads
it will be connecting to. This may be difficult because
the dielectric thickness requirements may prohibit this.
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Layer Location and Vias — Where in the stack up can
be important for high speed transmission lines as their
associated via construction can affect impedance.
There are techniques to avoid transmission line stubs
associated with through-vias.

Trace Length — Even well controlled transmission
lines have parasitic losses associated with the
capacitance, inductance and resistance of the trace. This
is especially true when using lossy substrates such as
FR4. Components associated with SuperSpeed should
be co-located to minimize these losses.

Connectors — Even coaxial or controlled impedance
connectors have discontinuities and should be avoided
if possible. In mobile systems these are usually paired
with flex cable assemblies for the freedom of
component placement.

Sensitive Circuits — SuperSpeed transmission lines
should be shielded from other sensitive circuits to avoid
unwanted crosstalk or emissions. This is sometimes
difficult to do in mobile system design.
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APPLICATION NOTE

There has been a lot written on the subject of high speed
PCB layout and there are lots of tools available to assist in
the process of board design. The most basic tool available is
the PCB trace impedance calculator. There are many
available online and for purchase. We use a product from
Polar Instruments called ‘Polar Instruments Si8000 Quick
Solver’. This product provides vital information about
impedance based on board stack up, trace geometries and
board material. It has many popular trace structures to
choose from that will suit almost any application.
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Figure 1. Pi8000 Basic Menu
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As mentioned earlier there are many types of structures
from which to choose. The two shown below are commonly
used for differential routes in mobile device PCB’s. The
choice of one over the other may depend on the routing
density or other system-design related issues. The broadside
approach works well with manual routing because it is easy
to maintain differential trace lengths (one is on top of the
other). The edge-coupled may be better suited for some
designs due to stack up or layer availability. The main menu
in the program has many entry boxes to enter specifics
about the transmission line structure, including the dielectric
constant e, The dielectric constant will be dependent on the
PCB material, typically FR4 with a value from 4.2 to 4.5
depending on manufacturer. These variables can be
modulated to experiment with various dimensions to suit the
particular application need.

Broadside-Coupled Stripline 25

Figure 2. Broadside Coupled Approach

Edge-Coupled Offset Stripline 1B1A

Figure 3.

Edge Coupled Approach

For additional noise isolation and geometric options for
impedance control, grounds may be included in the
structures in a co-planar waveguide fashion as shown in the
example above. The choice of structure sometimes comes
down to what impedance can be maintained in a limited
stack up situation. In many systems the PCB needs many
layers but the overall thickness can’t exceed a certain height
(such as in a cellular telephone). Trade-offs must sometimes
be made with trace width, dielectric thickness or relieving of
metal on adjacent layers to compensate for additional
needed thickness above or below the trace (as shown in the
2B2A example).

APPLICATION NOTE

Diff Offset Coplanar Waveguide 1B1A

Figure 4.  Waveguide 1B1A Example

Figure 5.

Strips 2B2A Example

For SuperSpeed USB the transmission line structure of
choice is coupled differential. There are many forms of this
structure based on board stackup, dielectric thickness, and
how ground relates to the structure. For differential trace
structures it is imperative that both traces in the differential
pair maintain the same impedance and the same trace
length. Changing trace direction and how the traces interact
with adjacent signals is also a critical consideration with
high speed signaling. Again, refer to the following
illustrations from the USB-IF:

The differential signals need to maintain 180 degree out of phase, otherwise
some of the energy is converted to common mode and radiate.

Maintain symmetrical routing

Avoid bends
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Figure 6. Bending Rules
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Good Example

Bad Examples

Figure 7. Length Matching and Compensation
Total length mismatch < 15 mil
* The length matching compensation should be made as

close as possible to the point where the length variation
occurs.

< 100 mils

A=B=C=D

E=F=G=3W (W = trace width)
Length < 100 mils
S2<2*s1

45 degree bend

Figure 8. Serpentine Routing Routine

Another important factor in high speed system design is
knowing how much loss can be tolerated in the system. For
USB3.1 the USB-IF has specified the amount of loss that
can be expected in the USB3.1 channel. The following
diagrams are taken from the USB-IF presentation on system
design:
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Figure 9. USB-IF Specific Channel Losses.

(23dB Reference Channel Loss, Symmetric)

In these cases the amount of loss is specified from the pin of
the transmitting signal IC, across whatever board PCB
traces, vias, connectors, etc. to the external cable to the
receiving device with the same PCB, connector, etc. Having
these defined quantities should be a good indicator of a

APPLICATION NOTE

board simulation or actual measurement to determine how
your design will work in an end system.

Longer via stubs resonate at lower frequencies & increase insertion loss.
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Figure 10. PCB: Via Stub Discontinuity

As seen in the Figure 10 the way in which vias are
implemented can have a varying effect on the amount of
discontinuity on the transmission line. Another approach in
addition to the methods mentioned above are blind vias
where they don’t penetrate the entire board thickness, rather
just the layers they’re connected to. This method produces
no stub:

f Board Thickness

Blind Via (no stub)

Figure 11. Method Producing No Stub

Crosstalk is another major concern for high speed systems.
There are methods of routing that are better for reducing
crosstalk, both near-end (NEXT) and far-end (FEXT). The
illustrations below show some of the effects/benefits of
layout techniques:

Equal-spacing Trade Tx-Tx and Rx-Rx for Tx-Rx spacing
Tx

Tx
I 60 um 40 um
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Rx RX  —
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NEXT = -30dB

Package NEXT mitigation can
extend PCB trace length
_______ up to 2” (5em) @ 5Gb/s

5 up to 1” (2.5cm) @ 10Gb/s

50 70 20 110 130 150
Tx-Rx spacing (um)

NEXT = -40dB
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Eye degradation (mV)
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Figure 12. Packages: NEXT Mitigation in Main Route
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* Theinterleaved (Tx-Rx-Tx-Rx) PCB main route reduces FEXT.

* 5Gb/s margin improvement:
= 4” PCB (with internal cable): 10mV, 5ps
= 10” PCB: 13mV, 12ps

Main Route

oo i i

Figure 13. PCB Further FEXT Mitigation in Main Route
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APPLICATION NOTE

Applications

Smart Phones
Tablets
Notebooks
Hard Drives
Power Banks
Routers

Flash

Protocols Supported

USB 3.1 SuperSpeed (Gen 2), 10 Gbps
PCI Express, Gen 3

SATA

Fibre Channel

Display Port 1.3
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Related Product Information

https://www.fairchildsemi.com/products/analog-mixed-signal/interface/usb-type-c/

https://www.fairchildsemi.com/products/analog-mixed-signal/interface/usb-type-c/FUSB340.html

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS
HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS

PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

A critical component is any component of a life support
device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.
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