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Part I
Hardware Design and Bring-up
The chapters that follow cover topics that aid you in the hardware design, bring-up, and debug of your 
custom printed circuit board utilizing the i.MX53.
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Chapter 2  
i.MX53 Layout Recommendations
This chapter provides recommendations to assist design engineers with the correct layout of their 
i.MX53x-based system. The majority of the chapter discusses the implementation of the DDR interface, 
but it also provides recommendation for power, the TV encoder, SATA, LVDS, reference resistors, and 
ESD and related emissions.

This chapter uses the i.MX53 Quick Start board as its reference when illustrating the key concepts. Refer 
to the existing i.MX53 Quick Start board layout files as a companion to this chapter.

2.1 Basic Design Recommendations
The i.MX53 processor comes in a 19 × 19 mm package with 0.8 mm ball pitch. The ball-grid array 
contains 23 rows and 23 columns, making it a 529 ball BGA package. For detailed information about the 
package, see the i.MX53 data sheet.

Figure 2-1 provides an illustration of the ball-grid array and Figure 2-2 illustrates additional package 
information.

Figure 2-1. i.MX53 Ball-Grid Array
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Figure 2-2. i.MX53 Package Information

Maintaining the recommended footprint of a 12 mils pad, which allows an air gap of 19.5-mils between 
pads, is critical for ease of fanout.

If using the Allegro tool, optimal practice is to use the footprint as created by Freescale. If not using the 
Allegro tool, use the Allegro footprint export feature (supported by many tools). If export is not possible, 
create the footprint as per the package mechanical dimensions outlined in the product data sheet.
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2.1.1 Fanout
Figure 2-3 shows the fanouts for the i.MX53 for two different layers.

Figure 2-3. i.MX53 Fanouts

The fanout scheme creates a four quadrant structure that facilitates the placement of decoupling capacitors 
on the bottom side of the PCB. This keeps them closer to the power balls, which is critical for minimizing 
inductance and ensuring high-speed transient current demand by the processor. 

A correct via size is critical for preserving adequate routing space. The recommended geometry for the via 
pads is: pad size 16 mils and drill 8 mils.

The constraints for the trace size may depend on a number of factors, such as the board stackup and 
associated di-electric and copper thickness, required impedance, and required current (for power traces). 
On the Freescale reference design, the minimum trace width of 3 mils is used for the DDR routing.
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2.2 Stackup
High-speed design requires a good stackup in order have the right impedances for the critical traces. This 
also determines the constraints for routing and spacing.

The recommended stackup is 8-layers, with the layer stack as shown in Figure 2-4:

Figure 2-4. Layer Stack

Figure 2-5 shows a working stack-up implementation:

Figure 2-5. Stackup Requirements
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and keep the propagation delay to the minimum. Follow the reference board layout as a guideline for 
memory placement and routing.

Figure 2-7 shows the final placement of the memories and the decoupling capacitors. The blue figure 
shows the top layer and the red figure shows the bottom layer.

Figure 2-7. Final Placement of Memories and Decoupling Capacitors
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2.4 DDR2 and DDR3 Routing Rules
DDR2 and DDR3 routing can be accomplished two different ways: routing all signals at the same length 
or routing by byte group.

Routing all signals at the same length can be more difficult at first because of the tight space between the 
DDR and the processor and the large number of required interconnects. However, it is the better way 
because it makes signal timing analysis straightforward. Table 2-1 explains how to route the signals by the 
same length.

Table 2-1. DDR2/DDR3 Routing by the Same Length

Signals
Absolute Length Limits

Recommendations
Min Max

DRAM_SDCLK[1:0]
DRAM_SDCLK_B[1:0]

— 3 inches Match the differential trace 
pairs ± 5 mils. Clock trace 
should be as short as 
possible. 

DRAM_SDQS[3:0]
DRAM_SDQS_B[3:0]

Clock (min) - 50 mils Clock (min) Match the differential trace 
pairs ±10 mils, as close
as possible to Clock (min)

Address and Bank Clock (min) - 200 mils Clock (min) For best results, minimum 
length for all signals
should be Clock (min) - 50 
mils.

Control signals Clock (min) - 200 mils Clock (min)

Data and Buffer Clock (min) - 200 mils Clock (min)





i.MX53 Layout Recommendations

i.MX53 System Development User’s Guide, Rev. 2

Freescale Semiconductor 2-9
 

2.5 Routing Topologies
The i.MX53 can handle up to 2 Gbytes of DRAM memory. The i.MX53 DDR routing needs to be 
separated into three groups: data, address, and control. Each group has its own method of routing from 
i.MX53 to DDR memory. The DDR layout has 1 Gbyte and 2 Gbyte options.

2.5.1 1 Gbyte Topologies
The 1 Gbyte option has four memories. 

For good practice, adhere to the following recommendations:

• Have a balanced routing for the “T” connection.

• Avoid having many layer transitions.

• Do not cross split planes during the routing. 

Figure 2-8 shows the topology for the ADDR/CMD/CTRL signals. It has a tree topology. Note the 
balanced T routing.

Figure 2-8. Topology for ADDR/CMD/CTRL Signals
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The routing for the data groups depend on the bus size. Figure 2-9 shows the point-to-point connection, 
with routing by byte group.

Figure 2-9. Topology of Data Group, Point-to-Point Connection

If the data bus is two byte groups by memory, the topology is fly-by, as shown in Figure 2-10. 

Figure 2-10. Topology for Data Bus of Two Byte Groups by Memory
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Figure 2-11 shows the clock routing topology. Clock routing uses a fly-by topology. The i.MX53 provides 
two sets of clocks that are identical in timing and drive. This allows the user to select either clock pair to 
route to the DDR devices. Thus, routing and clock loading is minimized.

Figure 2-11. Clock Routing Topology

2.5.2 2 Gbyte Topologies
The following diagrams show the 2 Gbyte topologies. This option has eight memories and requires the 
addition of a termination resistor. 

The ADDR/CMD signals should be routed as shown in Figure 2-12

Figure 2-12. ADDR/CMD Signal Routing
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Figure 2-13 shows the CTRL signals topology:

Figure 2-13. CTRL Signal Topology

Figure 2-14 shows the data bus routing topology.

Figure 2-14. Data Bus Routing Topology

Figure 2-15 shows the clock routing topology.

Figure 2-15. Clock Routing Topology
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2.5.3 DDR2 Routing Examples
Figure 2-16–Figure 2-21 show examples for the routing of DDR2 memories. These figures are a guideline 
of the routing by layer. 

Figure 2-16. Top DDR2 Routing 

Color Legend

Color Meaning Color Meaning

Yellow ADD/CMD/CTRL Signals Purple Data Byte Group 1

Soft Blue Data Byte Group 3 White Clocks

Soft Pink Data Byte Group 0 Blue DDR_1V8

Green Data Byte Group 2 Pink DDR_VREF
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Figure 2-17. Internal 1 DDR2 Routing

Color Legend

Color Meaning Color Meaning

Yellow ADD/CMD/CTRL Signals Purple Data Byte Group 1

Soft Blue Data Byte Group 3 White Clocks

Soft Pink Data Byte Group 0 Blue DDR_1V8

Green Data Byte Group 2 Pink DDR_VREF
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Figure 2-18. Power Plane 1 DDR2 Routing 

Color Legend

Color Meaning Color Meaning

Yellow ADD/CMD/CTRL Signals Purple Data Byte Group 1

Soft Blue Data Byte Group 3 White Clocks

Soft Pink Data Byte Group 0 Blue DDR_1V8

Green Data Byte Group 2 Pink DDR_VREF
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Figure 2-19. Power Plane 2 DDR2 Routing 

Color Legend

Color Meaning Color Meaning

Yellow ADD/CMD/CTRL Signals Purple Data Byte Group 1

Soft Blue Data Byte Group 3 White Clocks

Soft Pink Data Byte Group 0 Blue DDR_1V8

Green Data Byte Group 2 Pink DDR_VREF
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Figure 2-20. Internal 2 DDR2 Routing 

Color Legend

Color Meaning Color Meaning

Yellow ADD/CMD/CTRL Signals Purple Data Byte Group 1

Soft Blue Data Byte Group 3 White Clocks

Soft Pink Data Byte Group 0 Blue DDR_1V8

Green Data Byte Group 2 Pink DDR_VREF
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Figure 2-21. Bottom DDR2 Routing 

Color Legend

Color Meaning Color Meaning

Yellow ADD/CMD/CTRL Signals Purple Data Byte Group 1

Soft Blue Data Byte Group 3 White Clocks

Soft Pink Data Byte Group 0 Blue DDR_1V8

Green Data Byte Group 2 Pink DDR_VREF



i.MX53 Layout Recommendations

i.MX53 System Development User’s Guide, Rev. 2

Freescale Semiconductor 2-19
 

Table 2-3 shows the total etch of the signals for the byte 0 and byte 1 groups.

Table 2-3. Total Signal Etch (DDR2) 1

1 Layout is an example, using 1000 mils for the clock.

Signals Length (Mils)

DRAM_D0 667.16

DRAM_D1 663.66

DRAM_D2 666.01

DRAM_D3 663.89

DRAM_D4 662.69

DRAM_D5 663.41

DRAM_D6 668.31

DRAM_D7 664.02

DRAM_DQM0 663.5

DRAM_SDQS0 663.62

DRAM_SDQS0_B 668.24

DRAM_D8 668.57

DRAM_D9 663.69

DRAM_D10 664.28

DRAM_D11 666.39

DRAM_D12 664.75

DRAM_D13 668.45

DRAM_D14 664.65

DRAM_D15 663.07

DRAM_DQM1 664.08

DRAM_SDQS1 667.66

DRAM_SDQS1_B 663.07

DRAM_SDCLK0 1657.15

DRAM_SDCLK0_B 1655.22

DRAM_SDCLK1 1657

DRAM_SDCLK1_B 1658.81
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2.5.4 2-Gbyte Routing Examples
Figure 2-22–Figure 2-27 show examples for the routing of 2-Gbyte DDR memories. These figures are a 
guideline of the routing by layer.

NOTE
The Quick Start board referenced in the beginning of this chapter does not 
use 8 DDR chips. The following screen shots are from the validation board 
layout.  
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Figure 2-22. Top 8-DDR3 Routing 

Color Legend

Color Meaning Color Meaning

Yellow ADD/CMD/CTRL Signals White Clocks

Soft Blue Data Byte Group 3 Blue DDR_1.5V

Soft Pink Data Byte Group 0 Pink DDR_VREF

Green Data Byte Group 2 Orange DDRQ_1.5V

Purple Data Byte Group 1 White Clocks
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Figure 2-23. Internal 1 8-DDR3 Routing 

Color Legend

Color Meaning Color Meaning

Yellow ADD/CMD/CTRL Signals White Clocks

Soft Blue Data Byte Group 3 Blue DDR_1.5V

Soft Pink Data Byte Group 0 Pink DDR_VREF

Green Data Byte Group 2 Orange DDRQ_1.5V

Purple Data Byte Group 1 White Clocks
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Figure 2-24. Power Plane 1 8-DDR3 Routing 

Color Legend

Color Meaning Color Meaning

Yellow ADD/CMD/CTRL Signals White Clocks

Soft Blue Data Byte Group 3 Blue DDR_1.5V

Soft Pink Data Byte Group 0 Pink DDR_VREF

Green Data Byte Group 2 Orange DDRQ_1.5V

Purple Data Byte Group 1 White Clocks
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Figure 2-25. Power Plane 2 8-DDR3 Routing

Color Legend

Color Meaning Color Meaning

Yellow ADD/CMD/CTRL Signals White Clocks

Soft Blue Data Byte Group 3 Blue DDR_1.5V

Soft Pink Data Byte Group 0 Pink DDR_VREF

Green Data Byte Group 2 Orange DDRQ_1.5V

Purple Data Byte Group 1 White Clocks
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Figure 2-26. Internal 2 8-DDR3 Routing 

Color Legend

Color Meaning Color Meaning

Yellow ADD/CMD/CTRL Signals White Clocks

Soft Blue Data Byte Group 3 Blue DDR_1.5V

Soft Pink Data Byte Group 0 Pink DDR_VREF

Green Data Byte Group 2 Orange DDRQ_1.5V

Purple Data Byte Group 1 White Clocks
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Figure 2-27. Bottom 8-DDR3 Routing 

Color Legend

Color Meaning Color Meaning

Yellow ADD/CMD/CTRL Signals White Clocks

Soft Blue Data Byte Group 3 Blue DDR_1.5V

Soft Pink Data Byte Group 0 Pink DDR_VREF

Green Data Byte Group 2 Orange DDRQ_1.5V

Purple Data Byte Group 1 White Clocks
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Table 2-4 shows the total etch of the signals for the byte 0 and byte 1 groups.

2.6 Power Recommendations
The following recommendations apply to the VREF voltage reference plane.

• Use 30 mils trace between de coupling cap and destination.

• Maintain a 25 mils clearance from other nets.

• Isolate VREF and/or shield with ground.

Table 2-4. Total Signal Etch (DDR3)

Signals Length (Mils)

DRAM_D0 616.034

DRAM_D1 612.886

DRAM_D2 613.808

DRAM_D3 612.701

DRAM_D4 617.177

DRAM_D5 614.486

DRAM_D6 614.743

DRAM_D7 613.145

DRAM_DQM0 612.794

DRAM_SDQS0 615.633

DRAM_SDQS0_B 614.36

DRAM_D8 615.063

DRAM_D9 611.525

DRAM_D10 616.758

DRAM_D11 614.928

DRAM_D12 614.521

DRAM_D13 612.822

DRAM_D14 612.794

DRAM_D15 614.369

DRAM_DQM1 614.705

DRAM_SDQS1 610.26

DRAM_SDQS1_B 617.892

DRAM_SDCLK0 1172.235

DRAM_SDCLK0_B 1174.757

DRAM_SDCLK1 1176.5

DRAM_SDCLK1_B 1175.963
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Figure 2-28 shows the dimensions of a stripline and microstrip pair. Figure 2-29 shows the differential pair 
routing.

Figure 2-28. Microstrip and Stripline Differential Pair Dimensions

Figure 2-29. Differential Pair Routing

• The space between two adjacent differential pairs should be greater than or equal to twice the space 
between the two individual conductors.

• The skew between LVDS pairs should be within the minimum recommendation (± 100 mil).

2.10 Reference Resistors
Freescale reference designs have resistors that are used for reference in the interfaces. These resistors need 
to be in the following pins:

• USB_H1_RREFEXT
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