
Test Report: PMP22670
24-V to 36-V Input, 3.3-V Output Synchronous Buck 
Converter Reference Design

Description
This reference design demonstrates a single-phase 
buck converter with integrated FETs and a very 
small design size. The design accepts an input 
voltage from 24 VIN to 36 VIN, and provides a 
regulated 3.3-V output up to 1-A continuous and 
1.2-A peak. Two revisions of the board were 
designed and manufactured to compare the EMI and 
thermal performance between the two PCB layouts. 
Otherwise, both versions of the boards use the same 
exact circuitry.

Features
• 2.1-MHz switching frequency avoids AM band
• Very small design size
• Regulator includes integrated FETs
• Optimized for automotive applications
• Regulator features spread-spectrum switching 

(dithering) for improved EMI performance

Applications
• Mirror replacement, camera mirror system

PMP22670A Top Side
PMP22670A Bottom Side
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PMP22670B Top Side PMP22670B Bottom Side

Schematic
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1 Test Prerequisites
1.1 Voltage and Current Requirements

Table 1-1. Voltage and Current Requirements
Parameter Specifications

VIN 24 VDC to 36 VDC

VOUT 3.3 VDC

IOUT 1 A continuous (1.2 A maximum)

FSW 2.1 MHz nominal

1.2 Required Equipment
• Power supply
• Electronic load
• Digital multimeters
• Oscilloscope

1.3 Considerations
There are two revisions of this design: RevA which has the inductor mounted on the same side as the regulator 
and RevB, which has the inductor mounted on the bottom side of the regulator. The circuitry of both are exactly 
the same. Only the PCB layouts vary slightly. Unless otherwise noted, all tests are performed on the RevB board 
for this report.

Note
Since this is a pre-released IC, there are certain misbehaviors with the converter that are documented 
in the errata sheet, which are to be rectified before the release of the product. These misbehaviors 
have some effect on the switching, output ripple, and load transient response waveforms, and might 
also have influenced the EMI results, documented in this preliminary test report.

1.4 Dimensions
The board dimensions are 3 in × 2.8 in (76.2 mm × 71.1 mm). The actual solution size is approximately
0.189 in × 0.378 in (4.8 mm × 9.6 mm) for RevA and 0.189 in × 0.343 in (4.8 mm × 8.7 mm) for RevB.
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2 Testing and Results
2.1 Efficiency and Power Loss Graphs
The following figure shows the total system efficiency for 24-V, 30-V, and 36-V input voltages at various load 
currents, for both PFM and FPWM operation modes.

Figure 2-1. PMP22670 Converter Efficiency

The following figure shows the total system power loss for 24-V, 30-V, and 36-V input voltages at various load 
currents, for both PFM and FPWM operation modes.

Figure 2-2. PMP22670 Converter Power Loss
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2.2 Efficiency Data
The following figures show the efficiency data for 24-V, 30-V, and 36-V input voltages at various load currents.

Figure 2-3. Efficiency Data 24-V Input (PFM)

Figure 2-4. Efficiency Data 30-V Input (PFM)
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Figure 2-5. Efficiency Data 36-V Input (PFM)

Figure 2-6. Efficiency Data 24-V Input (FPWM)
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Figure 2-7. Efficiency Data 30-V Input (FPWM)

Figure 2-8. Efficiency Data 36-V Input (FPWM)
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2.3 Thermal Images
The thermal images in the following figures show operation at 36-V input voltage at 1.2-A load, with no airflow 
and ambient at room temperature. This is considered the worst-case operating condition, with the highest power 
loss. Thermals images were taken of both top and bottom side of the boards and were captured after the board 
had reached thermal equilibrium.

Figure 2-9. Thermal Image, RevA Board, 36-V 
Input, 1.2-A Load, Top-Side

Figure 2-10. Thermal Image, RevA Board, 36-V 
Input, 1.2-A Load, Bottom-Side

Figure 2-11. Thermal Image, RevB Board, 36-V 
Input, 1.2-A Load, Top-Side

Figure 2-12. Thermal Image, RevB Board, 36-V 
Input, 1.2-A Load, Bottom-Side
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3 Waveforms
3.1 Switching
The following set of figures show the switching waveforms between PFM mode and FPWM mode at 30-V input 
at no load and 1-A load conditions.

Note
See the Note in the Considerations section.

Figure 3-1. Switch Node Voltage, No Load, PFM-
Mode

Figure 3-2. Switch Node Voltage, No Load, FPWM-
Mode

Figure 3-3. Switch Node Voltage, 1-A Load, PFM-
Mode

Figure 3-4. Switch Node Voltage, 1-A Load, FPWM-
Mode
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Figure 3-5. Switch Node Voltage, 1-A Load, 
Displaying Dither, PFM-Mode

Figure 3-6. Switch Node Voltage, 1-A Load, 
Displaying Dither, FPWM-Mode
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3.2 Output Voltage Ripple
The following set of figures show the output voltage ripple between PFM and FPWM modes, at 30-V input at no 
load and 1-A load conditions.

Note
See the Note in the Considerations section.

Figure 3-7. Output Voltage Ripple, No Load, PFM-
Mode

Figure 3-8. Output Voltage Ripple, No Load, FPWM-
Mode

Figure 3-9. Output Voltage Ripple, 1-A Load, PFM-
Mode

Figure 3-10. Output Voltage Ripple, 1-A Load, 
FPWM-Mode
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Figure 3-11. Output Voltage Ripple, 1-A Load, 
Zoomed Out, PFM-Mode

Figure 3-12. Output Voltage Ripple, 1-A Load, 
Zoomed Out, FPWM-Mode
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3.3 Load Transients
The following set of figures show the load transient response between PFM and FPWM modes at 30-V input. 
The load is stepped from 50% to 100% of the load, corresponding to a 0.5 A to 1 A step.

Note
See the Note in the Considerations section.

Figure 3-13. Load Transient Response, PFM-Mode Figure 3-14. Load Transient Response, FPWM-
Mode
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3.4 Start-up Sequence
The following set of figures show the start-up behavior between PFM and FPWM modes at 30-V input, at no load 
and 1-A load conditions.

Figure 3-15. Start-up Into No Load, 30-V Input, 
PFM-Mode

Figure 3-16. Start-up Into No Load, 30-V Input, 
FPWM-Mode

Figure 3-17. Start-up Into 1-A Constant-Current 
Load, 30-V Input, PFM-Mode

Figure 3-18. Start-up Into 1-A Constant-Current 
Load, 30-V Input, FPWM-Mode
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3.5 Conducted EMI Performance
The following set of figures show the conducted EMI performance of the revision B PCB running at FPWM 
modes at 24-V, 30-V, and 36-V inputs, at 1.2-A load conditions.

Figure 3-19. Conducted EMI Performance, 24-V 
Input, Low-Frequency Range Figure 3-20. Conducted EMI Performance, 24-V 

Input, High-Frequency Range

Figure 3-21. Conducted EMI Performance, 30-V 
Input, Low-Frequency Range

Figure 3-22. Conducted EMI Performance, 30-V 
Input, High-Frequency Range
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Figure 3-23. Conducted EMI Performance, 36-V 
Input, Low-Frequency Range

Figure 3-24. Conducted EMI Performance, 36-V 
Input, High-Frequency Range
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