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1. Introduction

PTN36502 is a Type-C USB3.0/ DP1.2 combo re-driver that is optimized for USB3 and DisplayPort
applications on either the Downstream Facing Port (DFP) or Upstream Facing Port (UFP) by
following the 4 high speed differential data flow to extend the signal reach.

PTN36502 can be used in different system configurations (DFP, UFP or Dongle), and can be
configured through I12C or GPIO mode. This document discusses in details how each design can
be achieved, in terms of schematics and layout.

2. Different Configurations (DFP/UFP/Dongle)

PTN36502 can be used in a DFP, UFP, or Dongle system. In each configuration, each pin has its
specific connection in the system.

2.1. DFP (Down Facing Port) System

A DFP system usually consists of a USB3 xHCI controller and/or a DisplayPort signal source such
as a GPU. PTN36502 should be placed between the xHCI controller/GPU and the Type-C

connector.
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2.1.1 High Speed Switches

PTN36502 itself does not have any built-in switch to select USB3 or DisplayPort signals. In the
system diagram above, assuming USB3 and DisplayPort signals are multiplexed properly by high-
speed switches, either internally in the chipset, or thru external components on the PCB. The
switches can be configured for standard Type-C signal definition with orientation flipping. If the
application processor and/or GPU don’t have multiplexer integrated, NXP has the following high
speed switches available for selection

e Simple 2:1 switch: CBTU02043, CBTL01023, CBTL02043, CBTL04083

e Integrated Type-C switch: CBTLO8GP053

2.1.2 AC Capacitor Location

Due to the fact that the TX or RX common mode voltage of PTN36502 might be different from
the chipset’s or device’s voltage, AC caps should be placed on all high speed lanes on the left side
of PTN36502 (A_IN, B_1O, C_IN, and D_IO pins). The right side of the PTN36502 are connected to
Type-C connector, and the AC caps are placed according to the Type-C standard guidelines.

2.1.3 Connection to Chipset

As indicated in the datasheet, left side of PTN36502 is connected to the chipset or application
processor, with specific function assigned to each pin. The designer should match the function of

each pin.

PTN36502 pins Application processor signal names

Symbol [Pin name |USB3 USB3 & DP2Lane DP4Lane

Normal |Reversed [Normal |Reversed [Normal |Reversed

23 D_ION SSRX- MLO- SSRX- MLO- ML3-

24 D_IOP SSRX+ MLO+ SSRX+ MLO+ ML3+

3 C_INP SSTX+ ML1+ SSTX+ ML1+ ML2+

4 C_INN SSTX- ML1- SSTX- ML1- ML2-

5 A_INP SSTX+ SSTX+ ML1+ ML2+ ML1+

6 A_INN SSTX- SSTX- ML1- ML2- ML1-

9 B_IOP SSRX+ SSRX+ MLO+ ML3+ MLO+

10 B_ION SSRX- SSRX- MLO- ML3- MLO-

7 UAUXP AUX+ AUX+ AUX+ AUX+

8 UAUXN AUX- AUX- AUX- AUX-
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2.1.4 Connection to Type-C

As indicated in the datasheet, right side of PTN36502 is connected to the Type-C connector with
specific pin assignment. Also, the AC caps are placed on the TX1 and TX2 pins per Type-C
standard guidelines.

PTN36502 pins USB Type-C receptacle pins
Symbol Pin name Symbol Pin name
22 DRX1P All RX2+

21 DRX1IN A10 RX2-

18 DTX1N B3 TX2-

17 DTX1P B2 X2+

16 DTX2P A2 TX1+

15 DTX2N A3 TX1-

12 DRX2N B10 RX1-

11 DRX2P B11 RX1+

14 DAUXP A8 SBU1

13 DAUXN B8 SBU2
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2.2. UFP (Up Facing Port) System

A UFP system usually consists of a USB3 hub and/or a DisplayPort sink. PTN36502 should be
placed between the Type-C connector and the USB3 Hub/DisplayPort sink.
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2.2.1 High Speed Switches

PTN36502 itself does not have any built-in switch to select USB3 or DisplayPort signals. In the
system diagram above, assuming USB3 and DisplayPort signals are multiplexed properly by high-
speed switches, either internally in the chipset, or thru external components on the PCB. The
switches can be configured to route USB3 and DisplayPort signals to the proper locations, based
on Type-C signal definition with orientation flipping. If the USB3 hub and/or DisplayPort GPU
don’t have multiplexer integrated, NXP has the following high speed switches available for
selection

e Simple 2:1 switch: CBTU02043, CBTL01023, CBTL02043, CBTL04083

e Integrated Type-C switch: CBTLO8GP053

2.2.2 AC Capacitor Location

Due to the fact that the TX or RX common mode voltage of PTN36502 might be different from
the chipset’s or device’s voltage, AC caps should be placed on all high speed lanes on the right
side of PTN36502 (DTX1, DTX2, DRX1, DRX2 pins). The left side of the PTN36502 are connected
to Type-C connector, and the AC caps are placed according to the Type-C standard guidelines.
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2.2.3 Connection to USB3 Hub/ DisplayPort Sink

As indicated in the datasheet, right side of PTN36502 is connected to the chipset or application
processor, with specific function assigned to each pin. The designer should match the function of

each pin.
PTN36502 pins Signal names
Symbol [Pin name |USB3 USB3 & DP2Lane DP4Lane
Normal |Reversed [Normal |Reversed [Normal |Reversed
22 DRX1P SSTX+ SSTX+ MLO+ ML3+ MLO+
21 DRX1N SSTX- SSTX- MLO- ML3- MLO-
18 DTX1IN SSRX- SSRX- ML1- ML2- ML1-
17 DTX1P SSRX+ SSRX+ ML1+ ML2+ ML1+
16 DTX2P SSRX+ ML1+ SSRX+ ML1+ ML2+
15 DTX2N SSRX- ML1- SSRX- ML1- ML2-
12 DRX2N SSTX- MLO- SSTX- MLO- ML3-
11 DRX2P SSTX+ MLO+ SSTX+ MLO+ ML3+
14 DAUXP AUX+ AUX+ AUX+ AUX+
13 DAUXN AUX- AUX- AUX- AUX-

2.2.4 Connection to Type-C

As indicated in the datasheet, left side of PTN36502 is connected to the Type-C connector with
specific pin assignment. Also, the AC caps are placed on the TX1 and TX2 pins per Type-C
standard guidelines.

PTN36502 pins USB Type-C receptacle pins
Symbol Pin name Symbol Pin name
23 D_ION A3 TX1-

24 D_lOP A2 X1+

3 C_INP B11 RX1+

4 C_INN B10 RX1-

5 A_INP All RX2+

6 A_INN A10 RX2-

9 B_IOP B2 TX2+

10 B_ION B3 TX2-
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7 UAUXP B8 SBU2

8 UAUXN A8 SBU1

2.3. Dongle System

A dongle system is very similar to UFP system, except the Type-C connector is a plug
configuration instead of a receptacle configuration. A dongle usually consists of a USB3 hub
and/or a DisplayPort sink. PTN36502 should be placed between the Type-C connector and the
USB3 Hub/DisplayPort sink.

USB Type-C Plug

~ e o= > B
— B_ION
BLO/RX1- it i
— = »
IAJP @
A2ITXL+ I > 3
o
A3/TX1- AN g @
5 %
S c_Ip @ E
| BaTx2+ IC " > = 2
¥ 2 -
BaTYe- < @ S
T g
D 3 g
ALLRX2+ T 0P | 3 =
" ID_ION > &
ALO/RX2- T o a
=
B6/D+ | A7DL- = S
c < 2
B7/D- [ A6ID1+ = =
— UAUXN ] L 3
B8/SBU2 o } AUX-E3
“soveus | L— P> y
ABISBUL YAUXP I_Oo:c L |‘| Sl i}
s | PTN36502 CONTROLS e
BI/GND  A12/GND ~ - 3.

S -

SCL SDA

Tt

B12/GND  A1/GND

2.3.1 High Speed Switches

PTN36502 itself does not have any built-in switch to select USB3 or DisplayPort signals. In the
system diagram above, assuming USB3 and DisplayPort signals are multiplexed properly by high-
speed switches, either internally in the chipset, or thru external components on the PCB. The
switches can be configured to route USB3 and DisplayPort signals to the proper locations, based
on Type-C signal definition with orientation flipping. If the USB3 hub and/or DisplayPort GPU
don’t have multiplexer integrated, NXP has the following high speed switches available for
selection

e Simple 2:1 switch: CBTU02043, CBTL01023, CBTL02043, CBTL04083

e Integrated Type-C switch: CBTLO8GP053
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2.3.2 AC Capacitor Location

Due to the fact that the TX or RX common mode voltage of PTN36502 might be different from
the chipset’s or device’s voltage, AC caps should be placed on all high speed lanes on the right
side of PTN36502 (DTX1, DTX2, DRX1, DRX2 pins). The left side of the PTN36502 are connected
to Type-C connector, and the AC caps are placed according to the Type-C standard guidelines.

2.3.3 Connection to USB3 Hub/ DisplayPort Sink

As indicated in the datasheet, right side of PTN36502 is connected to the chipset or application
processor, with specific function assigned to each pin. The designer should match the function of

each pin.
PTN36502 pins Signal names
Symbol [Pin name |USB3 USB3 & DP2Lane DP4Lane
Normal |Reversed Normal |Reversed [Normal |Reversed
22 DRX1P SSTX+ MLO+ SSTX+ MLO+ ML3+
21 DRX1IN SSTX- MLO- SSTX- MLO- ML3-
18 DTX1IN SSRX- ML1- SSRX- ML1- ML2-
17 DTX1P SSRX+ ML1+ SSRX+ ML1+ ML2+
16 DTX2P SSRX+ SSRX+ ML1+ ML2+ ML1+
15 DTX2N SSRX- SSRX- ML1- ML2- ML1-
12 DRX2N SSTX- SSTX- MLO- ML3- MLO-
11 DRX2P SSTX+ SSTX+ MLO+ ML3+ MLO+
14 DAUXP AUX+ AUX+ AUX+ AUX+
13 DAUXN AUX- AUX- AUX- AUX-

2.3.4 Connection to Type-C

As indicated in the datasheet, left side of PTN36502 is connected to the Type-C connector with

specific pin assignment. Also, the AC caps are placed on the TX1 and TX2 pins per Type-C

standard guidelines.

PTN36502 pins USB Type-C receptacle pins
Symbol Pin name Symbol Pin name

23 D_ION A10 RX2-

24 D_lOP Al1 RX2+

3 C_INP B2 X2+

4 C_INN B3 TX2-
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5 A_INP A2 TX1+
6 A_INN A3 TX1-
9 B_IOP B11 RX1+
10 B_ION B10 RX1-
7 UAUXP A8 SBU1
8 UAUXN BS SBU2
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3. Layout Guidelines

3.1. General Differential Layout Guideline

Please refer to AN10798 for general differential layout guidelines.

High speed transmission lines need to be designed with impedance matching in mind. For USB3
and DisplayPort signals, the traces should be designed with 90Q differential impedance. Signal
trace length within the same differential pair should be equal. If it is difficult to achieve exact
same length within the same differential pair, the mismatch in length should be minimized to no
more than 3 mils.

High speed signals should be routed over the top or bottom layer of a multi-layer PCB because
signals travel faster on the buried microstrips than striplines. These signals should also not to be
routed on the internal power/ground layers, or in the internal signal layers to avoid stubs created

by the vias.
OK (Route on Top/Bottom Layers) I No (Should Not Route In Internal Layers)
""" <— Top Layer
,m
<«—— Internal Ref Plane 1
/ ///i// <€—— |Internal Signal Layer 1
/ / / /, / <«—— Internal Signal Layer 2
% } I’ (— Internal Ref Plane 2
g A / : 4 W

(— Bottom Layer

T T Through HoIe Vias T

Solid internal reference ground planes should be designed immediately underneath or above the
high-speed transmission lines. The distance between the two differential traces should be kept
equal as long as possible. Try to avoid vias in the transmission lines themselves. If it is required to
use a via, make sure the trace branches to the vias are symmetrical, and oval-shape anti-pads
should be used on all internal planes for transitional vias as show in Figure 7 below.

— -

// N Oval-Shape Anti-Pads in
Bottom Layer Traces | A/ All Internal Planes

\ / Top Layer Traces

Internal Planes
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3.2. High Speed P and N Signal Assignment

PTN36502’s high speed lanes are agnostic to the polarity of the signal, and it is okay to swap the
P and N signal to achieve better layout result. However, when the polarity the left side is
inverted, the polarity of the corresponding signal pair on the right side should be inverted at the
same time.

For example, in the schematics below, polarity assignment of pin 16 (DTX2P) and pin 15 (DTX2N)
was modified to connect to net HPO_TX1N and HPO_TX1P, which is the inverted polarity
assignment from the pin name. The corresponding signal pair on the left side are pin 5 (A_INP)
and pin 6 (A_INN), and the polarity assignment of the signal should be inverted as well.

U103
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3.3. AUXP and N Signal Assignment

PTN36502’s AUX P and N assignments (either on the upstream side or downstream side) should
not be inverted. The polarity assignment should follow the signal connection suggestion in the
previous section. The AUX snooping logic inside PTN36502 will decode AUX traffic based on
current orientation assignment of the signal, and thus the polarity is not agnostic.

3.4. High Speed Signal Routing

PTN36502 pin assignments are defined in such a way that connection to Type-C connector can be
minimized. High speed traces should be routed between PTN36502 and Type-C connector with
minimum layer transition. Whenever possible, route signals on the same layer.

In the layout example below, orange color traces are on the top layer, and blue traces are on the
bottom layer. The AC caps can be placed on the same side as PTN36502, close to the chip. For
traces connecting to RX2 and TX1 on the Type-C connector, the trace can be routed all on the top
layer. For traces connecting to TX2 and RX1 on the Type-C connectors, because it is very difficult
to fan out these signals only on the top layer, and vias are usually required. Try to minimized the
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total number of vias used on the traces. Usually two vias for each trace should be enough to
complete the routing.

CRCRCRCRS A ACRC)

In the next layout example below, even the RX1 signal pairs are routed with minimum number of
vias, but the vias are not placed at the optimum position. This layout causes TX1 signal traces to
have 2 extra vias that will impact the signal integrity. This should be avoided.
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CRENCRUACRCENE)

3.5. Impedance Matching across the AC Capacitors

When these AC-Coupling capacitors are placed on the high-speed signals, impedance of the trace
changes across these AC-Coupling capacitors. To minimize the impedance change, a void in the
adjacent reference ground plane is required. The size of the void should be the same size of the
capacitor’s pad size.

In the below figure, the picture on the left side illustrates the top layer routing, with component
pads showing in green color. The picture on the right side illustrates the inner ground layer.
Directly under the component pads that are connected to high speed signals, a void with same
shape and same size of the pad are created in the inner ground layer. This void can also be
applied under connector pads, or PTN36502’s high speed signal pin pads.

tJ101 1

1t LB}
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4., Legal information

Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the
relevant full data sheet, which is available on request via the local NXP
Semiconductors sales office. In case of any inconsistency or conflict with
the short data sheet, the full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product is
deemed to offer functions and qualities beyond those described in the
Product data sheet.

Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an
information source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied
prior to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s
own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
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representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers
should provide appropriate design and operating safeguards to minimize
the risks associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those given
in the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly
affect the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors products
are sold subject to the general terms and conditions of commercial sale, as
published at http://www.nxp.com/profile/terms, unless otherwise agreed
in a valid written individual agreement. In case an individual agreement is
concluded only the terms and conditions of the respective agreement shall
apply. NXP Semiconductors hereby expressly objects to applying the
customer’s general terms and conditions with regard to the purchase of
NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted
or construed as an offer to sell products that is open for acceptance or the
grant, conveyance or implication of any license under any copyrights,
patents or other industrial or intellectual property rights.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Non-automotive qualified products — Unless this data sheet expressly
states that this specific NXP Semiconductors product is automotive
qualified, the product is not suitable for automotive use. It is neither
qualified nor tested in accordance with automotive testing or application
requirements. NXP Semiconductors accepts no liability for inclusion and/or
use of non-automotive qualified products in automotive equipment or
applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without NXP Semiconductors’ warranty
of the product for such automotive applications, use and specifications, and
(b) whenever customer uses the product for automotive applications
beyond NXP Semiconductors’ specifications such use shall be solely at
customer’s own risk, and (c) customer fully indemnifies NXP
Semiconductors for any liability, damages or failed product claims resulting
from customer design and use of the product for automotive applications
beyond NXP Semiconductors’ standard warranty and NXP Semiconductors’
product specifications.
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Translations — A non-English (translated) version of a document is for

reference only. The English version shall prevail in case of any discrepancy Tradema rks

between the translated and English versions. . .
Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.

5. Contact information

For more information, please visit: http://www.nxp.com
For sales office addresses, please send an email to: salesaddresses@nxp.com
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