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ABSTRACT
For automotive electronics, a challenge is electromagnetic interference (EMI). The circuit schematic and
printed circuit board (PCB) are critical to achieving excellent EMI performance for the power rail in the
automotive digital cockpit. Therefore, knowing how to choose the IC and design the circuit has the most
significant impact, while knowing how to optimize the board layout is also pivotal for EMI performance.
This application report provides a way to design the low conducted EMI power solution for the automotive
digital cockpit.
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1 Introduction
As the central controller of the automotive digital cockpit, the processor needs multi-channel power rails.
For example, the i.MX 6ULL processor is an integrated multimedia-focused product whose main parts are
powered by 3.3 V at 2 A (Telecom and LCD module), 1.8 V at 2 A (DRAM module), and 1.5 V at 3 A
(Core). The TPS6526x-Q1 family is easy-to-use, triple synchronous, buck converters, with I2C-controlled
dynamic voltage scaling, capable of delivering 3 A, 2 A, and 2 A of 3-channel load current, with 4-V to 18-
V input voltage. Additionally, the switching frequency of this part is adjustable from 300 KHz to 2.3 MHz,
which is also suitable for an automotive application.

Normally, an automotive application needs a wide input voltage as its first power stage to be used in
different conditions. The LMR140x0-Q1 family of devices, with 4-V to 40-V wide input voltage and 2 A, 3.5
A, and 5-A load, is frequently applied in the automotive field. The devices also feature an adjustable
frequency from 200 KHz to 2.5 MHz, selectable PFM at light load, optional spread spectrum, precision
enable, and so on. The devices in this family are available in an HSOIC-8 and WSON-10 package. The
pinout is designed to enable an optimized PCB layout, with the best EMI and thermal performance.

Choose the LMR14050-Q1 device as the first stage, with 5-V, 5-A output to power on the TPS65263-Q1
device, and 3.3-V, 1.5-V, and 1.8-V output. Both devices work with 2.2 MHz, set this frequency to avoid
AM and FM disturbance. Meanwhile, the 5-V voltage can also supply the USB bus and some other
devices. Figure 1 shows the power tree block diagram.

Figure 1. Block Diagram
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2 Buck Converter Layout Considerations for EMI Performance
In general, the EMI can be classified in the switching-converter as conducted EMI and radiated EMI. The
difference between them is the manner in which the EMI field propagates. If the noise is coupled through
physical contact of the conductors in the PCB, such as the parasitic impedance or connections, then the
noise is called conducted EMI. For the radiated EMI, the noise can propagate through radio transmission.

For good EMI performance, the board layout is a critical aspect. A poorly designed PCB will deteriorate
the EMI. Due to the switching action of the converter, voltage transients and current transients with fast
rates exist in the circuit and can be symboled as dv/dt and di/dt. These transients generate a voltage shift
with the switching frequency and voltage spikes with high frequency by using the equation V = L × (di/dt),
where L is the parasitic inductance of the current loop. These voltage shifts and voltage spikes are the
root cause of the undesirable EMI, so reducing the parasitic inductance and the slew rate of the voltage
transient and current transient in the PCB are the main considerations in the layout.

2.1 Minimize Loop Area and High di/dt
Figure 2 shows a simplified buck converter schematic. There are two, large current, high di/dt loops in the
buck circuit. One loop is formed by the input capacitor, high-side FET, and low-side FET (power loop); the
other loop is formed by the boot capacitor, and boot resistor and high-side FET (charge loop). For the
power loop, minimizing the loop area is more critical because the parasitic inductance is proportional to
the loop area. In the charge loop, the boot resistor (Rboot) is used to control the speed of the switch,
which changes the drive-current transient rate. With the drive-current transient rate decreasing, the
switching action is also slowed down, which decreases the rate of the voltage transient and current
transient in the power loop. So, minimizing the loop area and slowing the drive-current transient rate are
all effective for the EMI in the charge loop.

Figure 2. Simplified Buck Converter Schematic

From the previous analysis, the outside Schottky diode must be placed close to the LMR14050-Q1 device.
Then, the boot capacitor and boot resistor must also be placed closed to the IC. The boot resistor can
control the switch rate, which is helpful for EMI, by reducing the SW voltage spike, but it also increases
the switching loss. Besides, a snubber circuit can be added to absorb the excess energy, which will also
increase power consumption. So the trade-off between the EMI and efficiency should be considered.
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Figure 3 shows the pin configuration compact with the layout of the LMR14050-Q1 and TPS65263-Q1.
The layout is based on the principle which was previously mentioned, and the red circuit in the layout is
the power loop of the buck converter. All the input caps and the diode must be located following the loop.

Figure 3. Pin Configuration Compact With the Layout

2.2 Spread Spectrum
Dithering the switching frequency, which is called a spread spectrum, is also an effective technique to
reduce the EMI. In general, the fundamental switch node frequency is shown at the spectrum analysis as
a sharp spectral line with a high peak. One way to reduce this is to use spread spectrum technology,
which periodically changes the switching frequency slightly and spreads the energy wider. This is useful
not only for the fundamental, but especially for the higher frequency harmonic as well. In this solution, the
LMR14050SSQDDARQ1 device has the spread spectrum function, which can be seen in the spectrum of
Figure 7.

2.3 EMI Filter
In addition to the layout, another critical role for good EMI is the input filter. With switch ON and OFF
actions, the discontinuous currents bring voltage ripples. These ripples have a wide frequency range,
including the switching frequency and high-order harmonic frequency. These noises are coupled to other
systems by the connection, which interferes with their operation and even break them down. Therefore,
adding an input filter to smooth the voltage perturbations is considerable.

Figure 4. Simplified EMI Filter
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Figure 4 shows a simplified EMI filter, which includes the common mode filter (CM) filter and the
differential mode (DM) filter. The main purpose of this filter is to filter the noise coming from the input of
the converter. For the low or medium power converter, the suggested value of Ld of the DM filter is in the
range of 1 µH to 10 µH. Cf can be picked using Equation 1 or Equation 2.

(1)

(2)

where
• fs is the switching frequency.
• |Att|dB is the attenuation of the filter design in dB.

Equation 3 is the analytical formula to obtain the required attenuation.

(3)

where
• Vmax is the maximum noise level in dBμV.
• D is the duty cycle.

Now, select the bigger value between Equation 1 and Equation 2 as the value of Cf. For the damping
capacitor, Cd, an electrolytic capacitor can be used, see Equation 4.

(4)

Equation 5 gives the ESR value.

(5)
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For the CM filter, there is an easy way to choose the CM inductor. Figure 5 shows the frequency versus
impedance characteristic diagram of the CM inductor (PLT5BPH5013R1SNL). Zc is the common mode
impedance and Zd is the differential mode impedance. Normally, the higher impedance can pass less AC
signal, which is the key to filtering the noise. So, choosing a CM inductor with high impedance at the noise
frequency is an effective method. Also, the high-frequency capacitor should be added, to deliver the noise
to the GND.

Figure 5. Frequency Versus Impedance Characteristic Diagram

2.4 Shielding
For a better radiated EMI, shielding, such as ground shielding and mask shielding, can be added to the
board.

Ground shielding is an unbroken ground plane added in the middle layer of the PCB. When the ground
plane is added, the high di/dt current path goes through the top layer and induces an opposing current on
the ground plane at the same time. This opposing current, called mirror current, generates an opposing
magnetic to cancel the magnetic in the top layer. Additionally, the ground plane also minimizes the current
loop area to reduce the radiated energy.

Mask shielding means using a mental mask to connect with the power ground, which can block the
radiated noise from the outside. Shielding is an effective way to decrease the radiated EMI approximately
14 dBμV/m in this design.
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3 Design With LMR14050-Q1 and TPS65263-Q1
Figure 6 shows the design example for the processor of the automotive digital cockpit, using the
nonsynchronous buck regulator LMR14050-Q1, and the synchronous buck regulator TPS65263-Q1, from
TI.

Figure 6. Solution for Processor of Automotive Digital Cockpit

Table 1 lists the design specifications.

Table 1. Power Solution Specification Summary

Part Number Design Parameter Example Value
LMR14050SSQDDARQ1 Input voltage range (VIN) 4 V to 36 V (typical 12 V)

Output voltage (VOUT1) 5 V
Load current (IOUT1) 5 A
Switching frequency (FSW1) 2.2 MHz
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Table 1. Power Solution Specification Summary (continued)
Part Number Design Parameter Example Value
TPS65263QRHBRQ1 Input voltage range (VOUT1) 5 V

Output voltage (VOUT2, VOUT3, and VOUT4) 1.5 V,1.8 V, and 3.3 V
Load current (IOUT2, IOUT3, and IOUT4) 3 A, 2 A, and 2 A
Switching Frequency (FSW2) 2.2 MHz

For the schematic of the LMR14050-Q1 device, WEBENCH® software can be used to generate a
complete design. The data sheet of the two devices is also an effective tool to design the circuit.

4 Experiment Results
Use the 12-V battery as the power source and the power resistor as the load to make the circuit work with
full load, and then measure the EMI performance. Figure 7 and Figure 8 show the positive and negative
noise from the input wire without the filter and shielding mask, and the EMI standard in the diagram is the
CISPR25 Class 5 (C5). In Figure 7 and Figure 8, the noise from 5-MHz to approximately 40-MHz
frequency exceeds the average limit, and for the high frequency (30 MHz to approximately 100 MHz), not
only does the average, but also the peak both exceed the limit.

Figure 7. Noise Without Filter and Shielding Mask for C5
Standard (Positive)

Figure 8. Noise Without Filter and Shielding Mask for C5
Standard (Negative)

To optimize the EMI performance, analyzing the noise type is significant. Figure 9 and Figure 10 show the
noise type of this application without the filter and shielding mask. In Figure 9, the CM noise is located at
the high frequency band (30 MHz to approximately 100 MHz), and the DM noise (see Figure 10) focuses
on the middle frequency band (2 MHz to approximately 30 MHz). The side-band harmonic windows are
the results with spread spectrum technology.

Figure 9. Noise Type Analysis (CM Noise) Figure 10. Noise Type Analysis (DM Noise)
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After measuring the maximum DM noise level, the attenuation coefficient of |Att|dB can be set. Then, the
value of the DM inductor and capacitors can easily be selected. In this design, Ld = 2.2 μH, Cd = 47 μF
(with ESR = 0.42 Ω), and Cf = 3.3 μF. Figure 11 and Figure 12 show the EMI result with the DM filter. The
DM noise is attenuated nearly 35 dBμV/m by the filter during the middle frequency band.

Figure 11. Noise With DM Filter for C5 Standard (Positive) Figure 12. Noise With DM Filter for C5 Standard (Negative)

The high-frequency noise (30 MHz to 100 MHz) is also reduced, but still exceeds the limit level. This is
because the DM filter does not effectively filter CM noise, so the CM filter is necessary. Figure 13 and
Figure 14 show the noise with the CM and DM filter. Compared with Figure 11 and Figure 12, the CM
noise (40 MHz to 100 MHz) is decreased nearly 20 dBμV/m. The EMI performance passes CISPR25
Class 5.

Figure 13. Noise With DM and CM Filter for C5 Standard
(Positive)

Figure 14. Noise With DM and CM Filter for C5 Standard
(Negative)
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According to the analysis from Section 2.4, adding a shielding mask is another effective way to optimize
the EMI performance. Figure 15 and Figure 16 show the noise, only with the CM filter and shielding mask.
The CM noise is filtered out and decreased to a low noise level. The DM noise is also mostly filtered,
because the leakage inductance of the CM inductor can form the DM filter with parasitic capacitance.
Figure 17 and Figure 18 show the noise with all the filters and a shielding mask. The noise is attenuated
nearly 14 dBμV/m, compared with the data in Figure 13 and Figure 14, and close to the floor noise of the
EMI equipment. The main reason for the EMI results in Figure 15 through Figure 18 is that the shield
reduces radiated noise coupling with the long input wire, which acts an antenna, especially the middle-
frequency band noise in this design.

Figure 15. Noise With CM Filter and Shielding Mask for C5
Standard (Positive)

Figure 16. Noise With CM Filter and Shielding Mask for C5
Standard (Negative)

Figure 17. Noise With All Filters and Shielding Mask for C5
Standard (Positive)

Figure 18. Noise With All Filters and Shielding Mask for C5
Standard (Negative)

5 Conclusion
This application report presents a power solution for the processor in the automotive digital cockpit, such
as the i.MX 6ULL. The power tree has two stages that provide four power rails:
• First stage – LMR14050: 5 V at 5 A (USB bus or other device)
• Second stage – TPS65263: 3.3 V at 2 A (Telecom and LCD module), 1.8 V at 2 A (DRAM module),

and 1.5 V at 3 A (Core).

Data tested, based on the example design, shows that the conducted EMI performance of this solution
can pass the CISPR25 Class 5 standard with the CM and DM filters, and even have the lowest noise level
with all the filters and shielding, making it suitable as a power solution for an automotive digital cockpit.
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