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Executive Summary 

 

Prior to the fabrication, assembly, and power on of a board, a 

thorough review of the board layout is essential to meet the 

demands of time to market. In this document we will outline 

the “best practices” to guide the user through the process of 

doing an effective layout review. Aimed at the system 

engineer, this document will explain the process of how the 

layout review works in the lab, and the required documents 

and reference materials for the review. This process includes 

inspecting the board, reviewing the power delivery, reviewing 

clocks, and reviewing the individual interfaces. 
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Outline of the Process 

To complete the board layout review, the process must be completed in this 
order: 

1. Gather required documents and reference materials 

2. Inspect the design layout 

3. Review the power delivery  

4. Review routing of the clocks  

5. Review high speed interfaces 

Introduction 

Layout of an board based on Intel® Architecture is a very complex task. For 
the best results, it needs to be done by layout engineers with the help of 

system engineers and signal integrity engineers to provide a robust solution 
for all the interfaces on the board. However, since layout is the last stage 
before the board is sent to be built, it is critical to do a thorough check of a 
board layout.  

This whitepaper will talk in detail about important subsections in a board 
design, including: power delivery, system clocks and other high speed 
interfaces (PCI Express, SATA, DDR to name a few). 

Required Documents 

Prior to starting any board layout review, the reviewer should gather the 
required documents pertaining to the actual layout itself.  

Note: This is not meant to be an exhaustive list, but rather a set of minimum 
requirements.  Other documents may be necessary to do the review 
depending on the extent of the review, and specific application of the design. 

The minimum set of required documents include:  

 The native board layout database  
o If tools are available, several other options are available, such 

as free viewers from specific CAD tool vendors. If these do not 
exist, us a traditional method of plotting out the specific layers 
on paper. 

 A copy of the design’s schematic  
o A searchable .pdf is sufficient, or softcopy in the native 

schematic capture database if it is available. 
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 The board’s stack-up  

o This defines the physical structures that the board will use, 
including copper weights, dielectric constants, physical layer 
stack-up, trace widths and impedance targets. 

 Vendor specific Product Design Guides, Specifications, and Requirements  
o For example, Intel boards usually have these documents 

readily available: Platform Design Guide, External Design 
Specification, External Architecture Specification.  

Inspecting the board 
 

Once the required documents have been obtained, the reviewer should 
familiarize themselves with the various areas of the board and locations of 
the major components, just like they would prior to power on. 

Key areas/components to locate are the CPU, IOH (or MCH), the clock driver, 
the memory, and the voltage regulators for these major components.  



Embedded IA Board Layout Checking Guide 

 

6    

Power Delivery 

One of the most critical parts of a board design is good power delivery to the 
subsystems. Without robust power delivery, the system may be prone to 
intermittent failures under stress. Common errors caused by power failures 
are memory errors and blue screen errors.  In some cases, a power failure 

can damage electronic components. 

Power rails on the system are grouped into what are known as power islands. 
These islands can then be tapped off of using traces and vias to distribute 
power to the various subsections. The following figure shows an example of 
the power islands in a layout.  

Figure 1.  Primary Side Power Islands (Colors Represent Different Voltages) 
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Figure 2.  Secondary Side Power Islands 
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Figure 3 shows a power flow diagram for a system board including the 

current rating requirements. As an example, we can see that the power 
requirements for VCC_S is 3.5A. Depending on the stack-up (copper weight) 
the trace location (internal vs external) and the ambient temperature, the 
trace width for 3.5 A may be as thin as ~45 mils (1.5 oz cu, external 
connection ~20c ambient temp) vs the same trace on an internal layer will 
carry ~1.6A. To carry 3.5 A on an internal layer, we need a trace width of 
~85 mils. There are other factors that may also be considered, such as the 
length of the trace voltage drop, skin depth, etc. Consult your power delivery 
expert (or the web) to find out more information. 

If the native CAD tool does not have associated tools to determine current 
carrying capacity, there are several free tools available on the web. For other 
information on current carrying capacity, please refer to IPC-2221. 

Figure 3.  Diagram showing the Power Flow and Current Ratings 
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One important factor to be considered for power rails near the components, 

especially, is that decoupling or bulk capacitors must be used properly. In 
addition to power delivery on demand from their intended component, These 
capacitors also aid in protecting the circuits from switching noise and other 
sudden spikes on the voltage line due sudden power demand loads or other 
extraneous electromagnetic interference effects. Not having enough 
capacitors or improper placement of decoupling or bulk capacitors is 
important, and often overlooked. This error can cause the system to be prone 
to failure or erratic behavior, and the power spikes may damage the 
components.  
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Figure 4.   Secondary side bulk capacitors 

  
 

Key things to be aware of while reviewing the power delivery: 

 Copper, copper, copper – there is no such thing as too much copper. The 
more, the better (Less inductance, less resistance).  

 Power floods on the outer layers are important, as usually the outer layers 
have thicker copper. 

 If the power floods for the same voltage are on several layers, add as many 
vias as possible to connect the floods together. 

 Be cautious of power flood fences where voids in the power floods have 

effectively cut off the supply. Figure 5 shows this example where there is a 
flood fence and the power flows only through a small gap. 
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Figure 5.   Power Flood Fence causing a pinch in the power flow 
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Clocks 

Once the power rails have been reviewed and verified, the next major part of 
the review will be the routing of the clocks. This part focuses on the clocks 
that are routed to the CPU, memory and also the major clocks out of the 
clock chip.  

Selecting to view one clock trace at a time and following it across the board 
might seem a cumbersome process, but is worth doing. A single clock failure 
could mean that the board might not even come out of reset and get its first 
fetch. Referencing of clocks should also be checked.  

Depending on the clock speed it is not advisable to have clocks go over a 
plane split or void in its reference plane. There are several techniques that 
may help this situation, but they do not replace the solid return path (usually 
GND). If it necessary to transition layers, there needs to be GND vias 
(stitching vias) where the point of reference changes. Generally clocks are 
referenced to ground, and it is important at layer transitions to provide a path 

for the return current to flow. 

In addition to reviewing the return path for the clocks, it is important to 
ensure that the proper impedance requirements are met. If the requirement 
is 100 ohms differential (refer to the PDG for impedance information), check 
your vendor specific stack-up to find the proper line widths and spacing 
between the N/P of the clock pair. Then verify the layout spacing is correct 
for the entire length of the trace. Also pay close attention to the length 
matching requirement within the pair.  

Key things to be aware of when checking the system clocks: 

 Review the vendor stack-up to ensure the proper geometries have been 
implemented. 

 Watch for traces crossing splits and/or crossing voids in reference planes. 

 If layer transitions occur, ensure that there is a via in close proximity to 
stitch the reference planes together. 

 Pay close attention to the spacing of other signals requirements of the 
clocks (ALL signals including ground). 
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Figure 6.   Via Transition Near a Differential Pair 
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Other High Speed Interfaces 
 

This section will deal with the main I/O interfaces such as PCIe, SATA, USB 
and other connections and how each of these interfaces can be checked.  

For Differential signals PCIe, SATA, USB, etc., it is recommended that the 
signals follow the same topology across a single layer for the entire length of 
the traces. If layer transitions are necessary, it is recommended that there be 
a stitching via to aid in the transition of the return path from one reference 
plane to the next reference plane as close as possible to the location of the 
transition (refer to Figure 6 above for layer transitions). 

Typically, GND vias are used, but other planes may be used as a reference. If 
other planes are used, then the via should be the same as the reference 
plane. Refer to the specifics of the interface in the Platform Design Guide for 
more information. 

It is recommended that the signals follow the same topology across a single 
layer for the entire length of the traces.  If layer transitions are necessary, it 
is recommended that there be a stitching via to aid in the transition of the 
return path from one reference plane to the next reference plane as close as 
possible to the location of the transition.  

High speed signals and their spacing to other signals are usually two to three 
times the height above the reference plane (ALL other signals including 
ground). Ground guard banding may be used, as long as the spacing rules 
have been implemented. Recommended implementation of ground guard 
banding should include a via every 1/6th of the typical rise time of the signal 
(~½ inch or less for the return path). Wider spaces are easier to implement. 

Care should be taken to match lengths on differential pairs. Length matching 
should occur where the mismatch (see figure below) occurs. 
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Figure 7.   Length matching near a mismatch 

 
 

In the case of PCI Express, verify the AC coupling cap placement is in the 
proper location (refer to the PDG for specific requirements). 

 

Figure 8.   AC Coupling Cap Placement for PCIe Signals 

 
 

 
 

USB architecture is very similar to the PCIe architecture with differential 
signals carrying the main data. For a good review of the USB subsystem, 
follow the review guidelines provided in the Platform Design Guide and the 
general routing guidelines for differential signals discussed about in the 

earlier sections of this document. For the USB and LAN, ensure the esd, 
magnetics are properly located. 

For all high speed signals it is important to remember to verify the correct 
impedance and spacing guidelines have been adhered to. 
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Key things to be aware of when checking high speed signals: 

 Review the vendor stack-up to ensure the proper geometries have been 
implemented. 

 Watch for traces crossing splits and/or crossing voids in reference planes. 

 If layer transitions occur, ensure that there is a via in close proximity to 
stitch the reference planes together. 

 Pay close attention to the spacing to other signals requirements of the 
interface (ALL signals including ground). 

   



Embedded IA Board Layout Checking Guide  

 

 

  17 

Conclusion 

A proper inspection of the layout before manufacturing the board may save 
debug time in the lab, and possibly reduce the number of board spin cycles. 
This in turn should save the customer time, money and reduce the Time to 
Market for their product. This paper is a simple guide which provides a board 

designer a basic overview of the layout process for a design and the methods 
to perform a comprehensive layout review for IA designs. For more 
information regarding the specific guidelines, the designer should follow the 
platform design guidelines and the industry best practices and standards. 
Check the embedded design center website for more technical information. 

 

The Intel® Embedded Design Center provides qualified developers with web-
based access to technical resources. Access Intel Confidential design 
materials, step-by step guidance, application reference solutions, training, 
Intel’s tool loaner program, and connect with an e-help desk and the 

embedded community. Design Fast. Design Smart. Get started today. 
http://intel.com/embedded/edc.  
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