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1. Introduction

PTN3460 DP to LVDS PCB layout guidelines

This document provides a practical guideline for incorporating the NXP DisplayPort (DP)
to LVDS bridge IC’s layout into a Printed-Circuit Board (PCB) design.

DisplayPort interconnect is a point-to-point layout of serial differential signal trace pairs.
The document provides guidelines for DP lane connection for the PCB traces, vias and
AC coupling capacitors. The most important considerations are to minimize loss and jitter,
and to maintain signal integrity.

These are general guidelines only. Board designers should carefully weigh design

trade-offs and use simulation analysis to ensure a successful implementation.
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Fig 1. DP-LVDS block diagram
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2. Layout and design for optimum performance and EMI

2.1

2.2

AN11088

DisplayPort is a scalable digital display interface. The interface is designed to support
both internal chip-to-chip and external box-to-box digital display connections. The Main
Link consists of one, two or four AC-coupled, doubly terminated differential pairs (lanes).
Two link rates are supported: 2.7 Gbit/s (HBR) and 1.62 Gbit/s per lane (RBR).

Reference plane partitioning and overall supply and grounding

DisplayPort requires no new PCB technology. Generally PC system boards are designed
with 4-layer FR4 stack-up, with 1080 prepreg and 47 mil core, and a 0.062 inch nominal
thickness.

To minimize loss and jitter, the most important considerations are to design to a target
impedance and to keep tolerance small.

A signal pair should avoid discontinuities in the reference plane, such as splits and voids.
When a signal changes layers, the ground stitching vias should be placed close to the
signal vias. A minimum of 1 to 3 stitching vias per pair of signals is recommended. Never
route a trace so that it straddles a plane split.

PCB stack-ups

Layer 1: Top signal layer, some ground islands for PTN3460 center pad.
Layer 2: Solid ground plane.

Layer 3: Split power plane for 3.3V, 1.8 V and 5 V. Some ground islands for DP, LVDS
traces layout.

Layer 4: Bottom signal layer. Ground island around LVDS connector.
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Fig 2. DP-LVDS PCB stack-up example
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2.3 Traces

2.3.1 Impedance

PTN3460 I/O impedance is targeted at 50 Q single-ended and 100 Q differential. It is
recommended that DP link PCB traces maintains 50 Q + 15 % single-ended and
100 Q * 20 % differential impedance to maintain signal integrity.

In ‘Eaglelake platform design guide’, Intel recommends 95 Q + 15 % differential
impedance for DP and HDMI/DVI signals, and 85 Q + 15 % for PCle.

The impedance target has been lowered in the Calpella platform, which is for year 2009,
including docking and add-in card. For all differential signals, DP, HDMI/DVI, and PCle,
impedance is targeted at 85 Q + 15 %.

There are two reasons mainly for this non-100 Q recommendation. One is the signal loss.
The higher the impedance is, the more the loss is. The trace length between the chip set
and the connector may be as long as 2 inches to 4 inches, which may contribute a
significant amount of loss.

2.3.2 Width and spacing

The coupling of the intra-pair differential signals and increased spacing to neighboring
signals help to minimize harmful crosstalk impacts and Electro-Magnetic Interference
(EMI) effects. In the microstrip case, a differential trace should be 5 mils wide, with a 7 mil
wide air gap spacing between the two traces of a pair.

The spacing between pairs and to all non-DP/LVDS signals should be at least four times
the dielectric height. If the non-DP/LVDS signals have significantly higher voltage levels or
edge rate than the DP/LVDS signal, the space should increase to 30 mils in order to avoid
coupling.

2.3.3 Length and length matching

Trace length greatly affects the loss and jitter budgets of the interconnection. The PCB
trace may introduce 1 ps to 5 ps of jitter and 0.35 dB to 0.50 dB of loss per inch.

Long distance traces should be routed at an off-angle to the X-Y axis of a PCB layer, in
order to distribute the effects of fiberglass bundle weaves and resin-rich areas of the
dielectric.

The two traces of a pair should be symmetrically routed.

__mIN\__

002aag423

Fig 3. Non-symmetrical routing should be avoided
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The length difference between a differential pair should be limited to 5 mils maximum.
Length matching is required per segment, and any length added (typically a ‘serpentine’
section) for the sake of matching a pair should be added near the location where the
mismatch occurs.

Keep the delta in each inter-pair to be less than 0.1 inch (0.254 cm).

correct

. length matching .

mismatched matched
ends ends
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F-_“

incorrect

length matching
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Fig 4. Length matching near location of mismatch

2.3.4 Bends

The use of bends should be kept to a minimum since a bend can introduce common mode
noise into the system, which will affect the signal integrity and EMI of the differential pair.

Bends on traces should be > 135°. Tighter bends should be avoided because they impact
the loss and jitter budgets.

If bends are used, the following guidelines are recommended to avoid tight bends
(see Figure 5).

¢ Keep all angles between traces (o) > 135°.

* Maintain an air gap (A) of > 20 mils.

¢ Segments such as B and C, which flank a bend, should have a length > 1.5 times the
width of the trace.

002aag425

Fig 5. Trace bending guidelines
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The number of left and right bends should be as close to equal as possible, to minimize
the length mismatch.

When a serpentine section is used to match one length to another, as shown in Figure 6,
the length of each jog must be at least three times the trace width. The maximum distance
between traces in a serpentine section should be less than two times the distance
between traces in a non-serpentine section.

002aag426

Fig 6. Serpentine section

An uncoupled section of trace routing into a pin or a ball should be < 45 mils when using
multiple bends, as shown in Figure 7.

< 45 mil

3

002aag427

Fig 7. Uncoupled trace using multiple bends
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3. Power supply

External power supply is required to power DP-LVDS application board.

First application board is for AIO (All In One) AUO 21.5” panel, which draws a lot of power,
hence an ATX switching power supply is used to anticipate the power hunger of AUO
panel.

Second application board is targeted for NoteBook application, hence NB battery pack will
be used for a more compact design.

002aag428

Fig 8. DP-LVDS power tree example
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Fig 9. PTN3460 power scheme

3.1 Power supply filtering and bypass capacitors

The main power of DP-LVDS is 3.3 V. Core voltage 1.8 V can come from system board, or
it can be generated from internal LDOs inside PTN3460.

002aag430
C24, C26 on the back side near pin 19 (VREG_1V8).
Fig 10. Core and AUX LDO filtering example
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Use only X5R or X7R type decoupling capacitors (do not use Z5U or Y5U types). Z5U or
Y5U will lose 20 % to 30 % of its capacitance value at high temperature.

Also use 10 nF (103 pF) to help suppress high frequency noise.

Bypass capacitor on 3.3 V power supply pin should be connected to the pin with a wide
trace.

002aag431

Fig 11. Power supply filtering and bypass layout example
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4. PTN3460 HVQFN56 package

AN11088

PTN3460 is packaged in an HVQFN56 package (plastic thermal enhanced thin quad flat
package; no leads; 56 terminals; body 7 mm x 7 mm x 0.85 mm; 0.4 mm pitch.
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(1) Center pad is connected to PCB ground plane for electrical grounding and thermal relief.

Fig 12. PTN3460 pin configuration for HYQFN56

4.1 HVQFN exposed center pad solder lands

PTN3460 uses HYQFN56 package.

The HVQFN package exposed center pad must be soldered to a corresponding solder
land on the board for enhanced thermal, as well as electrical ground, performance.

During reflow soldering, solder past melts and gas or trapped air is released, causing
splattering or solder balling. Solder balling and splatter can be minimized if the solder past
is printed as a number of individual dots, instead of one large deposit, and if the solder
past is kept at a sufficient distance from the edge of the solder land.

The solder paste pattern area should cover 35 % of the solder land area. When printing
solder past on the exposed die pad solder land, the solder past dot area should cover not
more than 20 % of this solder land area. Furthermore, the paste should be printed away
from the solder land edges. This is illustrated in Figure 13; the solder paste pattern area
lies within the boundary indicated by the red line and it is divided by the entire solder land
area.
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001aac866

Fig 13. Solder paste dot area (left) and paste pattern area (right)

The PTN3460 exposed center pad should be connected to the ground plane as illustrated
in Figure 14.

Ground pin connection Evenly distribute
ground vias

002aag432

Fig 14. PTN3460 center pad connection example

5. Test points, vias and pads

AN11088

Signal vias affect the overall loss and jitter budgets. Each via pair may contribute 0.25 dB
of loss in some corner cases. Vias may limit the achievable maximum routing length.

Vias should have a pad size of 25 mils or less, and a finished hole size of 14 mils or less.
Two vias must be placed as a symmetric pair in the same location.

Test points (which can be vias, pads or components) and probe pads should be placed
symmetrically in series. Stubs should not be introduced on differential pairs. Refer to
Figure 15 for illustrations of correct and incorrect placements.
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6. DisplayPort receiver interface

Main differential pairs and AUX channel are routed with 100 Q impedance. The important
parameters to calculate the impedance are:

PCB thickness

Distance to ground plane
Trace width

Trace spacing

PCB permittivity

Guard grounds are used to isolate the pair. This helps to eliminate crosstalk between
traces. Trace lengths are matched on the same pair.

002aag434
Guard Ground
Fig 16. Main video lane 0, 1 layout example
AN11088 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2012. All rights reserved.
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7. AC coupling capacitors

AN11088

DP requires AC coupling between transmitter and receiver. The AC coupling capacitors
for both differential pair signals must be the same value, same package size, and have
symmetric placement. If possible, TX traces should route on the top layer.

The capacitor value must be in the range of 75 nF to 200 nF (100 nF is best). The 0402
package size is preferred, and 0603 is acceptable. C-pack is not allowed.

The breakout into and out of capacitors should be symmetrical for both signal lines in a
differential pair. The trace separation for routing to pads must be minimized in order to
optimize tight coupling between the signal pairs.

It sl

A ——
—_—

002aag435

Fig 17. Placement of AC coupling capacitors

Capacitors for AUX pair should be placed close to the DP receptacle next to pin 15 and
pin 17.

When signals change planes, the ground plane needs to move along to keep constant
trace impedance. On DPVGA a ground island is inserted on the V¢ plane for this
purpose.

002aag436

Guard Glound

Fig 18. AUX channel layout example
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Ground pads of the DP plug footprint should be connected directly to ground plane with
short traces.

8. LVDS transmitter interface

AN11088

Similar to DisplayPort receiver signals, LVDS also utilizes a differential transmission
scheme, two lines for every LVDS signal. They should be routed with 100 Q impedance.
For successful transmission of LVDS signals over differential traces, the following
guidelines should be followed while laying out the board:

Run the differential traces as closely as possible after they leave the driving IC to
ensure minimal reflections and maintain the receiver’'s common mode noise rejection.
Also, maintain constant distance between the differential LVDS signals over the entire
length of the traces to avoid discontinuities in the differential impedance.

Keep the electrical lengths between the differential LVDS traces the same to minimize
skew.

Minimize the number of vias or other discontinuities on the signal path.

Any parasitic loading, such as capacitance, must be present in equal amounts to each
line of the differential pair.

To avoid signal discontinuities, arcs or 45° traces are recommended instead of 90°
turns.

Fig 19. LVDS layout example

Guard Ground

002aag439
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8.1

8.2

8.3

PTN3460 DP to LVDS PCB layout guidelines

Impedance matching

Impedance matching is very important for LVDS, even for very short runs. Any
discontinuities in the differential LVDS traces will cause signal reflections, thereby
degrading the signal quality. These discontinuities also increase the common mode noise
and will be radiated as EMI. The LVDS outputs, being current mode outputs, need a
termination resistor to close the loop and will not work without the resistor termination. The
termination resistor is chosen to match the differential impedance of the transmission line
and can range from 90 Q to 110 Q (typically 100 Q). This termination resistor should be
placed between the differential lines and close to the LVDS receiver buffer. See illustration

below in Figure 19.

LVDS
receiver
buffer

from transmitter

100Q+5 %
120 W

002aag437

Fig 20. LVDS termination scheme

Crosstalk between LVDS and single-ended signals

To reduce crosstalk between LVDS and single-ended signals, such as LVTTL, SSTL-2
and similar standards, the differential LVDS signals must be isolated from single-ended
signals. On the same PCB layer, the single-ended signals should be placed at least

12 mm from the LVDS signals to avoid crosstalk effects. The V¢ and ground planes can
also be used to isolate the LVDS signals from the single-ended signal layers.

LVDS connectors

Connectors can be used to connect the LVDS signals from one board to another.

Figure 21 is an illustration of good connector and bad connector for LVDS.

(ag0319190) (65 ae AR s o)

short lead ——»|

long lead

002aag438

Fig 21. Bad (left) and good (right) LVDS connector
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9. General high-speed board design guidelines

The DP signals on the board work at 1.6/2.7 Gbit/s speed, the LVDS data rate can be as
high as 112 MHz x 7 x 3 = 2.352 Gbhit/s (112 MHz x 7 x 4 = 3.136 Ghit/s) per lane. The
high data rate requires some specific implementations in the PCB layout design. The
following is the summary of guideline:

* The differential pair must be routed symmetrically. Keep all differential signal traces
the same length. The difference in intra-pair trace length should be less than 5 mils.
The delta in inter-pair trace length should be less than 0.1 inch.

¢ Maintain 50 Q + 15 % single-ended and 100 Q + 20 % differential impedance.

¢ Do not route high speed signals over any plane split; use only one ground plane
underneath the differential signals.

* Avoid any discontinuity for signal integrity. Differential pairs should be routed on the
same layer. The number of vias on the differential traces should be minimized. Test
points should be placed in series and symmetrically. Stubs should not be introduced
on the differential pairs.

* Use caution with the exposed center pad solder land for HVQFN package.

10. Abbreviations

Table 1. Abbreviations

Acronym Description

AUO AU Optronics

AUX Auxiliary channel

ATX Advanced Technology Extended

DDC Direct Display Control

DP DisplayPort

DPVGA DisplayPort Video Graphics Array

DVI Digital Visual Interface

HBR High Bit Rate

HDMI High Definition Media Interface

I/O Input/Output

IC Integrated Circuit

LDO Low-DropOut regulator

LVDS Low Voltage Differential Signaling

NB Note Book

PCB Printed-Circuit Board

PCle PCI (Peripheral Component Interconnect) Express

RGB Red, Green, Blue (refers to analog video component signals)

RBR Reduced Bit Rate

TTL Transistor-Transistor Logic
AN11088 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2012. All rights reserved.
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12.1 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.

12.2 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.

AN11088

All information provided in this document is subject to legal disclaimers.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
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.

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.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

12.3 Licenses

Purchase of NXP ICs with HDMI technology

Use of an NXP IC with HDMI technology in equipment that complies with
the HDMI standard requires a license from HDMI Licensing LLC, 1060 E.
Arques Avenue Suite 100, Sunnyvale CA 94085, USA, e-mail:
admin@hdmi.org.

12.4 Trademarks

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