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This document gives recommendations for PCB 
design to improve the behavior of the signals 
and create more robust designs. The i.MX31 is 
used as an example; however, the 
recommendations apply to the entire i.MX 
family of processors. 

1 Mechanical 

The mechanical issues are considered before the 
PCB routing.  These issues include the size of 
the board, the size and position of the mounting 
holes, the space between the housing, and the 
height of the components.  

1.1 Outline 

The outline is the size and shape of the board. 
Use the import/export IDF command in the PCB 
tool to reduce outline creation problems such as 
special shapes or a large number of holes. This 
command can decrease the time for outline 
creation and increase accuracy of the outline 
drawing. 
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1.2 Routing and Package Areas 

It is important to add the routing and keepin outlines which help reduce stress on the components and 
traces that are near the edge of the board, as seen in Figure 1. Table 1 shows the recommended 
distances, but actual values depend on application-specific requirements and tests. 

Table 1 Recommended Outline Distances 

 Standard Minimum 

Route Keepin 50 mil 20 mil 
Package Keepin 100 mil 50 mil 

 

1.3 Height Restrictions 

It is important to consider the maximum height of the components in a specific area. Placing these areas 
gives better control for the placement of taller components on restricted areas, as seen in Figure 2. 

 
Figure 1 Routing and Package Areas 
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1.4 Mounting Holes 

PCBs have mounting holes for components, housings, or assembly items. When placing these holes, 
take care with the distance to the components, shielding, and ground. Also, remember space for screws 
and other mounting devices used. The recommended air gap from a hole to a component is 80 mils. 

1.5 Fiducials 

Fiducials are a type of pad that do not have an electrical connection. Fiducials help the assembly 
machines establish a reference.  It is recommended to place at least two fiducials; however, it is best to 
include three fiducials.  There are two types of fiducials as seen in Figure 3: 

• Board fiducials establish an origin on the board for the components (on the top and bottom layer) 
during the placement by the pick and place machine 

• Component fiducials are recommended for all fine pitch components 

 

 
Figure 2 Height Restrictions 
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Figure 3 Fiducials 

2 Placement 

There are many techniques for placement such as by circuit type, by schematic page, by most critical 
components, and so on. The best technique varies according to the design.  First, analyze and understand 
the schematic. Then, place the components that are critical from a mechanical standpoint. Finally, 
continue placement with the components that are critical from an electrical standpoint, placing groups 
by modules.  

2.1 Critical Placement 

For the i.MX31, the critical components for placement are the minimum system required for initial 
operation and debug, as follows: 

• i.MX31 

• Memories 

• PMIC 

• JTAG and UART 

• Peripherals 

Board Fiducial 

Component 
Fiducial 
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2.2 Memory Module Placement 

Using the i.MX31 PDK as a reference, the memory module includes the following devices: 

• i.MX31 

⎯ Pull-up/pull-down resistors 

⎯ Decoupling capacitors 

⎯ Crystal 

• DDR 

⎯ Decoupling/bypass capacitors 

• NAND 

⎯ Pull-up/pull-down resistors 

⎯ Decoupling capacitors 

             

 

Figure 4 Memory Placement Options 

Figure 4 shows two options for the placement of the i.MX31 0.5-mm package and memory. In Option 1, 
the NAND Flash memory is next to the i.MX31, which allows shorter traces; however, the space in the 
bottom left corner is lost. Option 2 shows the NAND next to DDR memory, which has the opposite 
effect—longer traces but no lost space. 

 

Option1 Option2 
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2.3 Power Management Module Placement 

Using the i.MX31 PDK as a reference, the PMIC module includes: 

• MC13783 

⎯ Pull-up/pull-down resistors 

⎯ Decoupling capacitors 

⎯ Crystal 

 
Figure 5 MC13783 Placement 

Figure 5 shows the MC13783 in the middle of the PMIC module and the decoupling capacitors and pull-
up/pull-down resistors placed around the MC13783. This configuration uses a large area of space and can be 
improved by moving the decoupling capacitors to the bottom side. The regulators are placed together, 
but they can be moved depending on restrictions on heat dissipation, power plane configurations, and 
height area. 

The PMIC module also includes the following: 

• Regulators and switchers 

⎯ Pull-up/pull-down resistors 

⎯ Decoupling capacitors 

The inductors, capacitors, diodes, and power MOSFETs that are part of the buck-or-boost regulator 
configuration should be placed together to create a mini-module with good routing between them, such 

PMIC 
Regulators 
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as wide traces and fewer vias. Also, the placement of the inductors drives the power plane 
configurations. 

 
Figure 6 Regulator Placement Option 1 

Figure 6 shows the placement and routing of one regulator. The largest packages (like the inductor) are 
placed on the top layer. The power nets are connected with two vias instead of one and with wide traces 
or shapes to handle the current load. 

 
Figure 7 Regulator Placement Option 2 

Figure 7 shows another type of regulator with the placement on the top and bottom layer.  Using just one 
via per net could help reduce the placement area. 

Inductor 

LDO 
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2.4 Decoupling Capacitors 

The decoupling capacitors should be placed as close as possible to the i.MX31 device to provide a short 
return path and reduce the inductance of the trace. The placement can change according to the IC 
footprint and the number of layers. 

                                
Figure 8 Decoupling Capacitor Placement Option 

The left side of Figure 7 shows the placement of the decoupling capacitor for the i.MX31 0.5-mm 
package. The capacitors are placed on the bottom layer and the vias of the fanout are used to connect the 
capacitors. The right side of Figure 7 shows the decoupling capacitor near the IC in the same layer, but 
the via is connected to the decoupling capacitor, and the power trace goes to the power pin of the IC. 

3 Routing 

This section describes the different steps for the routing of a board. Each step is designed to reduce the 
number of issues and create an easy design environment. 

3.1 Stack-up 

The stack-up should be addressed first because it sets the constraints for the routing and spacing. The 
stack-up definition effects the difficulty of the routing and the via technology. The stack-up also drives 
the thickness of the board and the cost. The proper stack-up configuration gives better shielding to avoid 
EMI issues. The most typical stack-ups are 6, 8, and 10 layers for i.MX31 designs.  See Figure 9 for 
examples of stack-up configurations for 6 or 8 layers.  
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  Signal 

  Plane 

Figure 9 Stack-up Configurations 

3.2 Fanout 

Freescale recommends completing the fanout of all the components before the routing of the nets to 
determine the real space and restrictions for the routing.  The fanout describes the way in which the vias 
are placed in order to access the i.MX31 pins. The fanout is determined by the pitch, via configuration, 
and signals.  

The types of fanout are as follows (see Figure 10): 

• Place a via-in-pad in each pad 

• Place some vias towards the outside of the pin field and others towards the center of the pin field 

• Place the vias at a 45° angle to the device edge, which creates two routing channels in the middle 
of the BGA 
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Figure 10 Fanout Configurations 

3.3 Breakout 

The breakout determines how many layers connect a bus or particular set of signals.  It is important to 
understand the distribution of the signals inside the pin field and check the feasibility of the point-to- 
point connections.  Figure 11 shows how the signals go out of the chip and connect to other devices. 

Fanout with vias in pad Fanout with vias towards 
outside/inside of pin field 

Fanout with vias at a 45° angle 
to the device edge
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Figure 11 Breakout 

3.4 Critical Routing 

The i.MX31 routing is considered a high-speed layout, but not all signals should be routed with high- 
speed constraints.  The following sections discuss the critical routing issues for i.MX boards. 

3.4.1 Differential Pairs 

3.4.1.1 DDR Memory Clock 

The differential clock of a DDR interface should be routed at 100 Ω differential characteristic 
impedance. This clock signal should not change layers while routing. After the fanout of the 
components, the clock should have a point-to-point connection using a single layer. The clock routing 
should be kept away from other signals as much as possible. See Figure 12 for an example. 

 
Figure 12 DDR Memory Differential Clock Routing 
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3.4.1.2 USB 

This differential pair must be routed at 90 Ω and kept away from other signals. Add a trace shielding and 
avoid stub lines if possible. Usuall,y the USB connector has ESD protection and resistors which affect 
the placement and routing scheme.  See Figure 13 for an example of the USB differential routing. 

 
Figure 13 USB Differential Routing 

3.4.2 Buses 

3.4.2.1 DDR Bus 

The DDR bus is a high-speed bus and should have special consideration during routing.  This bus can be 
routed in two different ways: 

• Routing all signals at the same length 

• Routing by byte group 

The single-ended signals should be routed at 50 Ω and differential pairs should be routed at 100 Ω. After 
the fanout, do not change layers while routing and try to have point-to-point connections.  Figure 14 
shows an example of the DDR bus routing. 
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Figure 14 DDR Bus Routing 

3.4.2.2 NAND Bus 

The NAND bus contains data and control signals. It is considered a high-speed bus, so it is 
recommended to match the signal length.  Route all the signals on the same layer and reduce the stub 
lines if possible. Figure 15 and Figure 16 show examples of the NAND bus routing with different 
NAND component placement. 

 
Figure 15 NAND Bus Routing Example 1 
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Figure 16 NAND Bus Routing Example 2 

3.4.2.3 SD Bus 

The data and control signal of the SD bus should be routed with matching lengths and on the same layer. 

3.4.2.4 USB Bus 

The OTG feature on i.MX31 has a ULPI interface that contains data and control lines. These lines must 
be connected to the ULPI transceiver and must be treated as high speed signals. To avoid data timing 
issues, it is recommended to match the length of all the lines; see Figure 17. 
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Figure 17 USB Bus Routing 

3.4.2.5 LCD and CSI Bus 

The LCD and CSI buses handle data from the camera and LCD modules. It is important to route these 
signals the same length and keep them away from other signals if possible. 

3.4.2.6 SPI and I2C Bus 

The SPI and I2C buses communicate with other devices or interfaces. It is recommended to match the 
length of these signals. When there is more than one device on the bus, route all the signals in a daisy 
chain as seen in Figure 18. 

 
Figure 18 SPI and I2C Bus Routing 
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3.4.3 Analog and RF 

3.4.3.1 Analog 

The analog signals, such as the ADC signals, should be routed away from the digital buses and 
components.  If possible, use one layer for analog routing adjacent to the returned path of analog ground.  

3.4.3.2 Bluetooth® 

The routing of the Bluetooth signals and components should follow the layout recommendations from 
the Bluetooth IC manufacturer using 50-Ω traces for the antenna signals. Establish a specific area for the 
placement of Bluetooth components and avoid routing other signals behind that area, as seen in Figure 
19. 

 

Figure 19 Bluetooth Routing 
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3.5 Power Planes 

The power planes should be solid and include enough copper to handle the return current path. Plan the 
vias that connect to the power plane carefully and avoid having necks on the plane. The air gap between 
the planes should be 15 mils. The minimum spacing is defined by manufacturing constraints. Figure 20 
shows an example of power planes. 

 

Figure 20 Power Planes 

Use more than one via when connecting top or bottom planes to an inner layer. Also, add GND vias near 
the power vias if possible. Figure 21shows an example of how the power planes from top are connected 
to the inner or bottom layers. For this example, the connection is made with four vias, but the number of 
vias depends on the board spacing. This type of configuration can reduce the complexity of the power 
planes and avoid adding more power plane layers. 
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Figure 21. Power Planes 
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