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Power

6.1 Power
Providing constant, low-noise power to Channel Link II Ser/Des 
is a key component of the system design. Typical power supply 
filtering consists of individual 0.1 µF capacitors placed on each 
power pin, with additional bulk capacitors placed on the PLL 
power pins and where power is supplied to the board. Ferrite 
beads are recommended in some cases to help isolate 
potentially noisy power supply rails. Bypass capacitors and 
other power-supply filtering recommendations can be found in 
the device datasheets.

Aside from implementing proper power-supply filtering, system 
designers should take care to choose the most appropriate 
regulator for their Ser/Des. Historically, switching power 
regulators have not been ideal for communication circuits 
because they can generate noisier output voltage than their 
Low Drop Out (LDO) regulator counterparts. Usually this noisy or 
large ripple on the output of the switching regulators is due to a 
marginal layout.

To simplify the complexities of a switching regulator circuit 
design and layout, National has introduced the LMZ family 
of power modules which fully integrates the regulator and 
critical components such as the shielded inductor within the 
device package. By consolidating the critical parts of the 
regulator circuit into a single package, the LMZ family is able 
to offer peak efficiencies of up to 96%. Since the majority of the 
components are integrated within a single package, the module 
can be inserted quickly into a design. Time normally spent on 
regulator design and layout implementation can now be utilized 
to focus more on the power distribution network to ensure that 
output voltage ripple is kept to a minimum. See the Tools and 
References section for details.

The most commonly recommended power solution for high-
speed communication systems such as the Channel Link II  
Ser/Des is the use of LDO regulators. In addition to a wide 
portfolio of LDOs, National has a line of low-noise LDO 
regulators that are ideal for Ser/Des systems.

National’s low-noise LDO regulators offer wide input voltage 
range, pre-set or adjustable output voltage levels, and a variety 
of current sourcing strengths and high Power Supply Rejection 
Ratios (PSRR). These regulators are simple to design in and 
require minimal external components. However, the reason that 
these low-noise LDO regulators are often found in high-speed 
systems is their excellent PSRR, which can be >74 dB. For 
additional information on low-noise LDOs, see the Tools and 
References section of this guide. 

Finding the right power device that suits a particular system’s 
needs can sometimes be a bit overwhelming. There are a wide 
variety of power regulators available, each of which has its  
own strengths and unique circuit implementation. National  
has developed WEBENCH®, a free, easy-to-use, web-based 
application, to simplify the power network design process. This 
tool is particularly handy for regulator circuit design, board-level 
implementation, and can even be used to help design the power 
architecture of a complex system. The WEBENCH design tool 
goes beyond a mere product selection guide; it provides users 
with schematics, complete order information for a full bill of 
materials, thermal simulations, efficiency calculation, and 
board footprints. 

For more information on WEBENCH design tools, please refer to 
the Tools and References section of this guide.

Figure 6-1.  WEBENCH Design Tools



16

Design Tips

 7.1 Clocking
Providing a good quality clock is the most important task in 
developing high-speed Ser/Des systems. For systems that need 
to communicate over tens of meters of cable, supplying a quality 
clock is even more important. But what makes a clock good or 
bad? Most often the quality of a clock is measured by jitter, edge 
rate, and voltage levels. For exact input clocking requirements, 
the datasheet should be consulted. However, there are some 
general guidelines that apply to all Ser/Des systems that should 
be kept in mind when designing or debugging a high-speed 
system:

1.	 Keep clock jitter to a minimum

	 High-speed serial links often include one or more PLLs 
and sometimes Clock Data Recovery (CDR) circuit PLLs 
that can help to mitigate some of the input clock jitter, 
but will pass through any jitter that is less than the PLL’s 
bandwidth. This jitter travels from the input of the serial-
izer directly to the high-speed serial link and can impair 
the cable reach and performance of the system. The jitter 
transferred to the serial transmission line is worsened as 
the high-speed signal incurs loss across the serial inter-
connect. If enough jitter accumulates across the serial 
link, the deserializer will have a difficult time extracting the 
proper clock information out of the serial data, resulting in 
bit errors or loss of lock.

2.	 Minimize glitches

	 Glitches or spikes can cause problems in a wide range 
of areas, but they are especially problematic in clock 
signals. Whether this occurs on the input clock to a 
serializer or on the SCL line of an I2C compliant bus, 
glitches will cause data corruption. Glitches that occur 
on clock edges are especially problematic because they 
can cause data to be sampled incorrectly if they occur 
near the input threshold levels. Often these glitches occur 
as a result of an improperly configured host device or 
impedance problems with the signal line.

	 Glitches or spikes that occur on the rails of a clock 
signal are most often attributed to excessive noise in 
the power supply or within the host clock’s generation 
circuit. To reduce these spikes, a simple first-order R-L 
or R-C filter can be used. When implementing a filter, it 
is recommended that the component selection does not 
overly degrade the edges of the clock signal or input 
setup and hold violations may be encountered.

3.	 Make sure the clock edge rates are appropriate for the 
data rate

	 Edge rates are an important aspect of any clock signal. 
The levels of the clock edges define setup and hold times. 
It is important to make sure that the clocking device is 
able to adequately drive the clock signal from its output 
across the board trace and to the input of the serializer. 
By traveling across the PCB and interfacing with other 
components before the serializer, the clock signal may 
degrade. If the edges of the clock become too smooth  
or rounded, the setup and hold time requirements of  
the serializer may be violated resulting in improperly 
sampled data.

	 However, the clock device should not be too strong in 
driving the input clock to the serializer. An over-driven 
signal can result in under- or over-shoot of the signal, 
more appropriately named “excursion”. This problem can 
be identified easily by comparing the voltage levels of the 
clock signal to the input specifications of the serializer. 
As a general guideline, an input signal should never drop 
below ground.

7.2 I/O Interfacing
The parallel input and output signals of a high-speed serial link 
can suffer from a few common signal integrity problems. With 
LVCMOS parallel I/O, the most common problems that users 
encounter are:

1.	 Setup and hold time violations

	 For the exact timing relationship required between the 
input clock and data, the datasheet of the Channel Link 
II device should be consulted. Also, the diagram which 
defines the setup and hold time should be referenced  
as it can differ from vendor to vendor or from product  
to product.

2.	 Excessive over-/under-shoot

	 An input signal should never exceed the datasheet 
minimum or maximum values. If multiple device input pins 
are driven beyond the datasheet limits for VIH and VIL, 
the ESD protection circuitry may activate. If this occurs, 
the input signals will not be sampled correctly and bit 
errors will occur. To avoid excessive over-/under-shoot, 
the drive strength of the host device should be reduced, 
or a series termination resistor near the beginning of 
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the transmission line should be implemented. I/O Buffer 
Information Specification (IBIS) models are available 
for all Channel Link II devices and can help a designer 
simulate a given board to determine the appropriate 
resistor value. 

With LVDS parallel interfaces, the most common problems that 
users encounter are:

1.	 Poor signal integrity – LVDS termination

	 All Channel Link II devices with an LVDS parallel interface 
require external 100Ω differential termination resistors 
on the receive end of the LVDS trace. This means that a 
differential termination resistor must be placed at the dif-
ferential inputs to the clock and data inputs for serializers 
with the parallel LVDS interface, while the deserializer 
LVDS outputs must have a differential termination placed 
as close to the receiving device’s differential inputs as 
possible.

2.	 Poor signal integrity – differential trace

	 The signal traces routed to and from the LVDS I/O ports  
of Channel Link II devices must be routed as 100Ω  
differential traces. 

3.	 Serializer LVDS receiver skew margin

	 RSKM is budgeted for the amount of inter-pair skew that 
can be allowed between the clock and any given data pair. 
RSKM factors in the pulse positions of the LVDS transmit-
ter, jitter, and strobe positions of the LVDS receiver to 
determine the allowable skew of the traces. Violating the 
receiver skew margin is similar to violating the setup and 
hold times of an LVCMOS data input and will result in bit 
errors. To avoid problems with RSKM, the propagation 
velocity of the LVDS signal across the PCB trace and any 
other interconnect in the signal path must first be under-
stood. Next the RSKM value and the propagation velocity 
is used to calculate the physical inter-pair skew in mils 
(or mm). With this maximum skew length, margin can be 
added safely to the system by routing the LVDS pairs to a 
tighter skew specification.

7.3 Alternate Device Implementations
Most Channel Link II applications utilize the Ser/Des chipset in 
a point-to-point configuration. However, sometimes there is a 
need to string multiple receiver links together in a daisy chain or 
to fan out from a source to multiple destinations. These types of 
configurations can be performed with Channel Link II devices, 
as long as a few additional design concerns are addressed.

7.3.1 Daisy Chaining

There are two basic ways to daisy chain links of Channel Link 
II Ser/Des devices together. The best daisy chain configuration 
utilizes the loop-through driver of the DS92LV2422 or 
DS92LV2412 device. The loop-through driver of these Channel 
Link II deserializers allows the serial stream to be equalized 
and sent out across the next serial link through the integrated 
cable driver. It is important to note that the loop-through driver 
in these Channel Link II deserializers allows the incoming 
signal to be equalized only and not re-timed or conditioned with 
de-emphasis. However, the loop-through implementation in 
these Channel Link II deserializers is sufficient to provide two 
links of 10m CAT-6 cable at 75 MHz input parallel clock or more 
links at a reduced parallel clock rate or reduced cable length.

Another method of daisy chaining links together requires the 
use of an additional chipset for every link after the primary link. 
There are, however, two primary disadvantages with this system 
configuration: 1) jitter accumulation and 2) signal integrity issues 
caused by driving multiple loads from the parallel outputs. Since 
this implementation requires an additional chipset for each 
additional daisy chain hop, any jitter that lies within the PLL 
and CDR bandwidth will pass through to the next chipset where 
it will be amplified by the jitter transfer characteristics of the 
serializer and grow larger due to the loss characteristics of the 
next serial interconnect. If the user needs to send parallel data 
to an additional device, such as an FPGA or display as well as 
the serializer for the next daisy chain hop, signal integrity issues 
may arise. The LVCMOS and LVDS outputs of the Channel Link 
II deserializer are designed to drive a single point-to-point load. 
This means that the edge rates and drive strengths of these 
output drivers were not designed to handle the impedance 
discontinuities, lower impedance loads, or transmission line 
stubs for the LVDS drivers. Or in the case of the LVCMOS 
drivers, this includes the drive strength required to drive high- 
capacitive loads. For this type of system configuration, buffers 
must be used.

If achieving multiple daisy chain hops is a critical part of a given 
system, the DS32ELX0421/DS32ELX0124 FPGA-Link Ser/Des 
should be considered. The DS32ELX0124 FPGA-Link deserializer 
has an integrated re-timed loop-through driver with input 
equalization and output de-emphasis. The re-timer in the loop-
through cable driver circuit mitigates the jitter between each 
daisy chain hop, allowing for large numbers of daisy chain hops.
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7.3.2 Fan Out

Fan out can lead to reduced system costs by minimizing PCB 
board trace and space, decreasing serial interconnects, 
and saving power. The fan out can occur from a single host 
to multiple serializers, from a single serializer to multiple 
deserializers, or from a single deserializer to multiple loads.

If a fan-out configuration involves the parallel LVCMOS or 
parallel LVDS I/O found in the Channel Link II Ser/Des, then an 
additional buffer repeater device should be used. If a buffer 
repeater device is not used, signal integrity problems may arise 
from lack of drive strength and impedance discontinuities. Any 
lack of drive strength will result in the softening or rounding of 
signal edges, interfering with the setup and hold timing of the 
data. Clock and data signals are worsened by the changes in 
impedance caused by driving multiple transmission lines and 

loads. The changing impedance will result in reflections that 
can further interfere with the signal integrity and timing.

For applications where the receiving systems are in different 
locations, a fan out of the serial transmission line can be 
implemented. If only two endpoints are required, the serial 
outputs of the serializer can be routed and connected as 50Ω, 
single-ended coaxial lines that run to two different deserializers. 
In this case, the serial terminal of the serializer will need to 
be connected to the matching serial input terminal of the 
deserializer. The unused terminal of the deserializer should 
be connected to a 0.1 μF capacitor and terminated to ground 
with a 50Ω resistor. If more than two endpoints are required for 
a system, then a buffer repeater or crosspoint device can be 
inserted into the serial data path.
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Complementary Products

High-speed Ser/Des applications may require flexibility and 
performance beyond the basic specifications and capabilities 
of the serializer and deserializer ICs alone. This includes 
design situations where increased link length or advanced 
routing topologies are required. These applications necessitate 
devices capable of enhancing and guaranteeing the integrity 
of the transmitted signal over longer distances and in diverse 
environments.

National provides several devices designed with these design 
requirements in mind, including:

• Cable extenders and buffers
• Crosspoint switches and multiplexers

The purpose of this section is to introduce these solutions and 
provide suggestions appropriate to individual Channel Link II 
products.

8.1 Cable Extenders and Buffers
Link lengths beyond several meters can degrade data signal 
characteristics beyond the point at which they can be reliably 
recovered at the receiver end. This is due to non-idealities  
in the source, channel, and receiver. Each introduces noise  
and signal losses that limit the overall performance charac-
teristics of LVDS systems. Performance is primarily limited  
by jitter or attenuation and distortion introduced by the  
transmission media.

Cable extenders, buffers, and equalizers correct for the jitter 
and attenuation created by the channel. They work to compen-
sate for these undesired effects and restore the signal to a form 
that can be recovered readily by the receiver (the deserializer).

8.2 Application to Channel Link II Ser/Des
Designs will often require that one or many of the previously 
mentioned effects be addressed or compensated for in the 
system. This includes loss and jitter introduced over long links. 
Use of devices that correct for these undesirable effects is 
recommended in these situations. A typical example is shown  
in Figure 8-1.

 

National offers several options for Channel Link II cable 
extension, buffering, and equalization appropriate to the 
characteristics and throughput of different serializer and 
deserializer chipsets. A small collection of these products  
is summarized in Table 8-1.
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Figure 8-1.  Example of a Cable Buffering/Extension Application

Product ID Description Links Throughput (Mbps) Channel Link II Ser/Des Chipset  Notes

DS15EA101 0.15 to 1.5 Gbps adaptive cable equalizer 1 1500 DS92LV0411/DS92LV0412/DS92LV2411/
DS92LV2412 Pair with DS15BA101

DS15BA101 1.5 Gbps differential buffer 1 1500 DS92LV0411/DS92LV0412/DS92LV2411/
DS92LV2412 Pair with DS15EA101

DS25BR100 3.125 Gbps LVDS buffer 1 3125 DS92LV0421/DS92LV0422/DS92LV2421/
DS92LV2422

Pre-emphasis and 
receive equalization

DS25BR110 3.125 Gbps LVDS buffer 1 3125 DS92LV0421/DS92LV0422/DS92LV2421/
DS92LV2422 Receive equalization

DS25BR120 3.125 Gbps LVDS buffer 1 3125 DS92LV0421/DS92LV0422/DS92LV2421/
DS92LV2422 Pre-emphasis

DS25BR150 3.125 Gbps LVDS buffer 1 3125 DS92LV0421/DS92LV0422/DS92LV2421/
DS92LV2422 Small footprint

DS25BR440 3.125 Gbps quad LVDS buffer 4 3125 DS92LV3221/DS92LV3222/DS92LV3241/
DS92LV3242

Pre-emphasis and 
receive equalization

Table 8-1.  Example of Cable Extension Options for Channel Link II Ser/Des
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8.3 Switching and Multiplexing
Certain designs may require routing of signals to and from 
multiple data sources and sinks. This includes selecting 
between different data sinks, such as displays or storage 
devices, or selectively connecting or blocking data streams  
to enable sharing of a common media. These routing schemes 
allow efficient use of physical transmission media as well as 
on-the-fly reorganization of routes and data connections.

For instance, a video display system may require selection 
between multiple sources of video or the sharing of a video 
source with another display. This can be accomplished using  
a device that routes or switches the desired video source to  
the selected video sink(s) shown in Figure 8-2. Alternatively, 
one or more of the video sinks can be a storage device such  
as a hard drive. 

Applications requiring routing, switching, or multiplexing  
of LVDS signals can take advantage of National’s portfolio  
of crosspoint switches and multiplexers. Many incorporate 
signal conditioning and equalization, offering many of the  
same advantages seen in other standalone buffer, extender,  
and equalizer products.

National offers 1x2/2x1 multiplexers or 2x2 and 4x4 crosspoint 
switches appropriate to the Channel Link II family of Ser/Des 
products. These devices are summarized in Table 8-2.
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Figure 8-2.  Example of a Video Application with  
Channel Link II and Crosspoint Switching

Product ID Description Links Throughput (Mbps) Channel Link II Ser/Des Chipset  Notes

DS25CP114 3.125 Gbps 4x4 LVDS 
crosspoint switch 4 3125 DS92LV0421/DS92LV0422/

DS92LV2421/DS92LV2422  Pin or SMBus control

DS25CP102 3.125 Gbps 2x2 LVDS 
crosspoint switch 2 3125 DS92LV0421/DS92LV0422/

DS92LV2421/DS92LV2422  Pin selectable

DS10CP154A 1.5 Gbps 4x4 LVDS 
crosspoint switch 4 1500 DS92LV0411/DS92LV0412/

DS92LV2411/DS92LV2412  Pin or SMBus control

DS10CP152 1.5 Gbps 2x2 LVDS 
crosspoint switch 2 1500 DS92LV0411/DS92LV0412/

DS92LV2411/DS92LV2412  Pin selectable

Table 8-2.  Examples of Crosspoint Switch Options for Channel Link II Ser/Des
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Tools and References

9.1 Models
Select devices have IBIS models available to simulate the  
low-speed side of the Ser/Des devices. IBIS modeling does not 
support most signal conditioning features of the high-speed side 
of the devices and thus is not currently modeled. At this time, 
additional modeling capability is being researched for support  
of the signal conditioning features. Up-to-date information on 
signal conditioning high-speed serial-side support can be found 
on National’s website. A complete listing of available IBIS 
models and other modeling information can be found at:

www.national.com/analog/interface/ibis_home

9.2 Evaluation Platforms
Evaluation boards are available for most Channel Link II chip-
sets. Current availability, pricing, and ordering information can 
be found on National’s website. Also within the product folder for 
each device, a tab is available called “BOARD” for those devices 
that have evaluation boards. The boards offer easy evaluation 
and general pin-outs to signals, headers, or connectors for easy 
access and control of the various device features. Some devices 
also offer multiple options for power sources.

9.3 Application Notes
Application notes are routinely published and are posted on 
National’s website. Table 9-1 lists application notes that are 
currently available on Channel Link II or related families.

9.4 Additional Design Guides
In addition to this design guide on National’s Channel Link II 
products, the following design guides are available on  
National’s website:

LVDS Owner’s Manual

www.national.com/analog/interface/lvds_owners_manual

Generic information on LVDS interfaces.

Channel Link Design Guide

www.national.com/appinfo/lvds/files/channellink_design_
guide.pdf

Design Guide for Channel Link (I) and 21-, 28-, and 48-bit Ser/Des.

Application Note 
Number Family Description

Primary Devices  
(if applicable)

AN-1807 FPD-Link II FPD-Link II Display Ser/Des Overview (introduction, typical application, and key 
feature discussion)

DS90C241/DS90C124,
DS90UR241/DS90UR124,
DS90UR905/DS90UR906,
DS90UR907/DS90UR908

AN-1826 FPD-Link II Extending the Reach of a FPD-Link II Interface with Cable Drivers and Equalizers DS90UR241/DS90UR124,
DS15BA101/DS15EA101

AN-1898 FPD-Link II LVDS Repeaters and Crosspoints Extend the Reach of  
FPD-Link II Interfaces

DS90UR241/DS90UR124,
DS25BR1xx/DS25CP10x

AN-1909 Channel Link II, 
FPD-Link II

DS15BA101 and DS15EA101 Enable Long Reach Applications for Embedded  
Clock Ser/Des DS15BA101/DS15EA101

AN-1957 Channel Link II, 
FPD-Link II LVDS Signal Conditioners Reduce Data-Dependent Jitter

AN-2007 Channel Link II Improving the Robustness of Channel Link Designs with Channel Link II Ser/Des 
(compares the 32-bit Channel Link II to the prior generation)

DS92LV3241/DS92LV3242,
DS92LV3221/DS92LV3222

Table 9-1.  Application Notes

National offers a variety of tools, application notes, and websites to aid in device understanding and design-in support of the 
Channel Link II Ser/Des family.

www.national.com/analog/interface/ibis_home
www.national.com/analog/interface/lvds_owners_manual
www.national.com/appinfo/lvds/files/channellink_design_guide.pdf
www.national.com/appinfo/lvds/files/channellink_design_guide.pdf
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9.5 Websites
Please see National’s website for the most current information. 
In addition to product folders, several “feature” sites are also 
available that are of direct interest to Channel Link Ser/Des.	

Ser/Des Feature Site

national.com/serdes

Family information, videos, white papers, and much more….

LVDS/CML Feature Site

national.com/lvds

Selection information, design tools, videos, and much more….

LMZ Power Modules

www.national.com/analog/power/simple_switcher_power_
modules#overview

Low-Noise LDOs

www.national.com/analog/power/ldo#low_noise

WEBENCH® Design Tools

national.com/webench

Design, layout, simulation, and more…

Buffers and Crosspoint Switches

national.com/lvds

http://www.national.com/serdes
http://www.national.com/lvds
http://www.national.com/analog/power/simple_switcher_power_modules#overview
http://www.national.com/analog/power/simple_switcher_power_modules#overview
www.national.com/analog/power/ldo#low_noise
http://www.national.com/webench
http://www.national.com/lvds
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Figure 10-1.  Design Review Points
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Design Review

Listed below are some handy tips to check designs for  
high-performance operation as referenced in Figure 10-1.

1. Data-In Signal Quality
Ensure that the data signal quality presented to the input of 
the serializer meets datasheet specifications in terms of levels, 
and also meets the setup and hold times. Excessive overshoot, 
undershoot, and ring should also be avoided as these tend 
to add noise. If the source has programmable drive strength, 
setting data inputs to low drive is usually recommended since 
they are strobed by the input clock signal.

2. Clock-In Quality
Ensure that the clock signal quality presented to the input of the 
serializer meets datasheet specifications in terms of levels and 
jitter specifications. Excessive overshoot, undershoot, and ring 
should also be avoided as these tend to add noise also. If the 
source has programmable drive strength, setting the clock input 
to high drive is usually recommended since the clock signal is 
edge information and desired to be sharp. Consider termination 
if the net is long and the driving device supports it.

3. Power Supply Considerations
Excessive supply noise, especially on the PLL supply, can add 
undesired jitter to the system. Keep supply noise to less than  
100 mVp-p especially in the PLL bandwidth range.

4. High-Speed Layout
Where possible, maintain balance and symmetry in the 
differential pair layout to reduce common-mode conversion.

5. Data-Out Signal Quality
Avoid long traces on the data output lines to avoid transmission 
line effects. If high fan out is required, consider a fan-out device.

6. Clock-Out Signal Quality
Avoid long traces on the clock output line to avoid transmission 
line effects. If high fan out is required, consider a fan-out device.
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