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RX Family 

Digital Power Conversion (Totem Pole Interleaved PFC) 

Summary 

This application note is intended to describe how to drive and control a totem pole interleaved PFC, which is 

a AC-DC converter using RX66T grouping, and how to use motor control development support tool [RMW]*1. 

The totem pole interleaved PFC board described in this application note is a board that runs on 50Hz 100V 

100W power board kit *2's Base Board(P13178-C0-001). For further information on Base Board(P13178-C0-

001) and digital power control, please refer to the Digital Power Conversion (UPS) (R01AN6465) of separate 

application notes. 

 
These sample programs are only to be used as reference and Renesas Electronics Corporation does not 
guarantee the operations. Please use them after carrying out a thorough evaluation in a suitable 
environment. 

 

Note  1: RMW is an abbreviation for Renesas Motor Workbench 3.0. 

2: 50Hz 100V 100W power supply board kit is made by Desk Top Laboratories Inc. 

 

Operation check device 

The operation of the sample program is checked with the following devices. 

RX family RX66T Group (R5F566TFCGFB) 

 

It is also applicable to RX family that has the resources described in this application note or equivalent 
peripheral functions. (RX72T, RX26T, RX24T, RX24U, RX660, etc) 

 

Target sample program 

The sample program for this application note is shown below. 

Å RX66T_P13178_TPP_CSP_RV100 (IDE:CS+) 

Å RX66T_P13178_TPP_E2S_RV100 (IDE:e2studio) 
 

Reference Materials 

Å RX66T Group User's Manual: Hardware (R01UH0749) 

Å Renesas Motor Workbench User's Manual (R21UZ0004) 

Å RX66T Group Digital Power Conversion (UPS) (R01AN6465) 

https://www.renesas.com/document/apn/rx66tgroup-digital-power-conversion-uninterruptible-power-system-ups-rev100
http://www.desktoplab.co.jp/
https://www.renesas.com/document/apn/rx66tgroup-digital-power-conversion-uninterruptible-power-system-ups-rev100
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1. Overview 

This application note describes how to control and implement the totem pole interleaved PFC of AC-DC 
converters in a digital-power-control *1 using RX66T group. This section also explains how to use motor 
control development support tool [RMW]. 

 

Note 1: Digital power control means AC-DC converters, DC-DC converters, and DC-AC inverters. Please 
refer to Digital Power Conversion (UPS) (R01AN6465) in the separate application notes for more 
information. 

 

1.1 Development environment 

Table 1 and Table 2 show the development environment of the software subject to this application note. 

 

Table 1 Hardware Development Environment 

Microcomputer Evaluation Board (50Hz 100V 100W Power Board Kit *1) 

Board name Model 

RX66T 
(R5F566TFCGFB) 

RX66T CPU Card P05701-C0-038 

Base Board P13178-C0-001 

AC-DC Board (totem pole interleaved 

PFC) 

P13178-C0-005 (Applicable board in 

this application notes) 

 
Table 2 Software Development Environment 

IDE Versioning RX Smart Configurator Toolchain version *2 

CS+: V8.09.00 Version 2.16.0 CC-RX: V3.05.00 

e2studio:2023-01 e2studio plug-in version 

 

 

Note 1: 50Hz 100V 100W power board kit is made by Desk Top Laboratories Inc. If you have any 

questions about the solution, please contact Desk Top Laboratories Inc. 

 2: If the same version as the toolchain (C compiler) specified in the project does not exist in the 

import destination, the toolchain is not selected and an error occurs. Check the toolchain selection 

status in the project settings screen. 

Refer to FAQ 3000404 for the selection procedure. 

(https://ja-support.renesas.com/knowledgeBase/18367361) 

  

https://www.renesas.com/document/apn/rx66tgroup-digital-power-conversion-uninterruptible-power-system-ups-rev100
http://www.desktoplab.co.jp/
http://www.desktoplab.co.jp/
https://ja-support.renesas.com/knowledgeBase/18367361
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2. Totem Pole PFC overview 

The totem pole PFC is a bridgeless PFC for AC-DC converters. AC-DC converters are divided into a rectifier 
circuit and a smoothing circuit. The totem pole PFC eliminates the diode-bridge circuit in the rectifier circuit 
and uses a switching device instead to integrate the rectifier circuit and the smoothing circuit. The bridgeless 
circuit is divided into a half-bridgeless circuit in which the low-side diode of the rectifier circuit part is replaced 
with a switching device, and a full-bridgeless circuit in which all the diode bridges are replaced with a 
switching device. The totem pole PFC is an PFC of a full-bridgeless circuit. Figure 1 shows an image of the 
efficient VS cost of AC-DC circuitry. Though totem pole PFC are more efficient because they generally 
replace diode bridges, which account for about 40% of the losses, with switching devices, the costs of the 
components used tend to be relatively high. 

 

Figure 1 Image of cost-efficiency of AC-DC circuit 

 

2.1 Schematic of a Totem Pole PFC 

Figure 2 shows schematic diagram of totem pole PFC (interleaved). Low inductance switching devices are 
generally used because the left side requires high-speed switching with an interleaved PFC. On the right 
side, low-speed switching is performed according to the commercial frequency. Therefore, a switching device 
with a low ON resistor is generally used. The output-voltage and current are determined by the reactance, 
switching frequency, and Duty. The output-voltage and current can be changed by changing the inductor, 
MOSFET, and other power semiconductors, and capacitors that are used without changing the circuit 
configuration. In general, the inductor size can be reduced by increasing the switching frequency. However, 
since the number of switching times of the power semiconductor increases, the loss increases. Therefore, it 
is desirable to select a power semiconductor that matches the switching frequency. 
 

 

Figure 2 Schematic diagram of totem pole PFC (interleaved) 
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2.2 Outline of totem pole PFC operation 

As shown in Figure 3 the totem pole PFC has two operation modes: one mode to charge the coil when the 
voltage is positive and the other mode to discharge the energy from the coil. The totem pole PFC has four 
operation modes in total. Figure 4 shows the switching waveforms in each mode in an interleaved 
configuration, and Figure 5 shows an image of the switching waveforms and currents in an interleaved 
configuration. 

 

 

 

Figure 3 Outline of totem pole PFC operation 
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Figure 4 Totem pole PFC (interleaved) operation and switching waveforms 
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Figure 5 Image of totem pole PFC (interleaved) switching wave form and current 
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3. Hardware Description 

The totem pole interleaved PFC board is a board that runs on Base Board of 50Hz 100V 100W power supply 
board kit. It consists of three boards as shown in Table 3. Base Board is a baseboard into which various 
converters (AC-DC, DC-DC) and inverter boards (DC-AC) are inserted. Each board is controlled by a RX66T 
CPU Card. In this application note, only AC-DC converter board (totem pole interleaved PFC board) is 
mounted and controlled. 
The totem pole interleaved PFC board hardware-specifications are listed in Table 4. 
 

Table 3 List of Boards Used 

No. Board name Model name Notes 

1 RX66T CPU Card P05701-C0-038 CPU Assessment Board with R5F566TFCGFB 

2 Base Board P13178-C0-001 Base board that inserts various power supply boards 

3 AC-DC Board P13178-C0-005 AC-DC converter board (totem pole interleaved PFC 

board) 

 

Table 4 Totem Pole Interleaved PFC Board Hardware Specifications 

Item Specifications Notes 

Line voltage 230Vrms Grid voltage 

Output voltage 400V DC, PFC power 

PFC method Totem pole PFC Interleaved 

PFC switching frequency 50kHz Interleaved (1 PFC=50kHz) 

Dead time 2us  

Power factor Max 99% or more 300W or more 

Effectiveness Max 95% or more 300W or more (without inrush 

proof resistor) 

Protection PFC Output Overvoltage Protection 430V 

PFC Over Current Protection (Software) 10A 

PFC Over Current Protection (Hardware) 15A (POE3B protected) 

Status display 7Seg method + LED indication Error information and operation 

status display (shown in Base 

Board) 
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3.1 Hardware configuration 

Figure 6 shows the configuration diagram of Base Board of 50Hz 100V 100W power board kit, totem pole 

interleaved PFC board, and RX66T CPU CARD used in this application note. Figure 7 to Figure 9 show 

the external views of each board, and Table 5 shows the base board connector list. 

 

 

Figure 6 Board configuration diagram 

 

 

Figure 7 Overall Configuration External View 

 

 

Figure 8 External View of Totem Pole Interleaved PFC Board 

 












































