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Introduction 

This user's guide summarizes the basic adjustment methods and know-how of each parameter so that users can fully utilize 
the PFC circuit of the "Power Device Solution circuit". We introduce specific solutions for each theme that is likely to be a bottleneck 
in designing a PFC circuit. Please use it as a reference when facing a trouble like "the circuit does not work well" or "need to 
optimize the circuit conditions more".                                  
 In addition, "inverter edition" and "DC-DC converter edition" will be released later, so please use them as well. 
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1. PFC circuit list  

Table 1 shows the PFC circuits registered in "Power Device Solution circuit". Reference circuits cover commonly used 4 
categories such as “Boundary Current Mode (BCM)”, ”Continuous Current Mode (CCM)”, “Discontinuous Current Mode (DCM)” 
and high-power “3-phase PFC”. In addition to the basic “single boost PFC” various reference circuits are prepared such as 
”Interleaved PFC”, “synchronous rectification”, “bridgeless”, and “Totem-pole”, so please use them according to your needs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. List of PFC circuits in Power Device Solution Circuit 

A-1       PFC BCM Vin=200V Iin=2.5A

A-2       PFC BCM Diode-Bridge-Less Vin=200V Iin=2.5A

A-3       PFC BCM Diode-Bridge-Less Vin=200V Iin=50A

A-4       PFC CCM Vin=200V Iin=2.5A

A-5       PFC CCM 2-Phase Vin=200V Iin=5A

A-6       PFC CCM Synchro Vin=200V Iin=2.5A

A-7       PFC CCM Synchro 2-Phase Vin=200V Iin=5A

A-8       PFC CCM Diode-Bridge-Less Synchro Vin=200V Iin=50A

A-9       PFC CCM Diode-Bridge-Less Full-Bridge Vin=200V Iin=20A

A-10       PFC CCM Totem-Pole Synchro Vin=200V Iin=100A

A-11       PFC DCM Vin=200V Iin=2.5A

A-12       PFC DCM 2-Phase Vin=200V Iin=5A

A-13       PFC DCM 3-Phase Vin=200V Iin=7.5A

A-14       PFC DCM Synchro Vin=200V Iin=2.5A

A-15       PFC DCM Synchro 2-Phase Vin=200V Iin=5A

A-16       PFC DCM Synchro 3-Phase Vin=200V Iin=7.5A

A-17       PFC DCM Diode-Bridge-Less Synchro Vin=200V Iin=50A

A-18       PFC 3-Phase 3-Wire Vin=200V Pin=25kW

A-19       PFC 3-Phase 4-Wire Vin=115/200V Pin=25kW
PFC 3-Phase

Class
ID

Number
Circuit name

PFC Boundary Current Mode

(BCM)

PFC Continuous Current Mode

(CCM)

PFC Discontinuous Current Mode

(DCM)
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2. Adjustment of Inductance L 

This chapter will show you how to adjust the inductance L to get the proper ripple rate of inductor current. The operation mode 
here is premised on CCM (Continuous Current Mode). 

2-1. Circuit example 

Figure 1 "A-4 PFC CCM Vin = 200V Iin = 2.5A" will be explained as an example. The conditions in the yellow box will be changed 
and then L value will be adjusted based on the changed conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                       Figure 1. Circuit example “A-4 PFC CCM Vin=200V Iin=2.5A” 
 

2-2. Ripple rate M before adjusting the inductance L 

Figure 2 shows the inductor current IL before adjusting the inductance L (default value: 1mH).            

The peak value of IL is 𝐼𝐿_𝑝𝑒𝑎𝑘 ≈ 3.7𝐴.  

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 2. Inductor current before adjusting inductance L  

 

 Also, since the peak value of the input current is 𝐼𝑖𝑛_𝑝𝑒𝑎𝑘 = √2 × 𝐼𝑖𝑛 ≈ 2.82𝐴, the ripple rate M is calculated as  

Ripple rate 𝑀 = (𝐼𝐿_𝑝𝑒𝑎𝑘 − 𝐼𝑖𝑛_𝑝𝑒𝑎𝑘)  𝐼𝑖𝑛_𝑝𝑒𝑎𝑘⁄  = (3.7 − 2.82)  2.82⁄  ≈  31.2% 

Since the ripple rate is generally set to less than 30%, it is necessary to adjust inductance value to reduce the ripple rate. 
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2-3. How to adjust the inductance L 

Inductance L can generally be described by the following.  

𝐿 = {(𝑉𝑜𝑢𝑡 − √2 × 𝑉𝑖𝑛) × 𝜂 × 𝑉𝑖𝑛
2} (𝑓𝑠𝑤 × 𝑀 × 𝑃𝑜𝑢𝑡 × 𝑉𝑜𝑢𝑡)⁄  

 

Estimation of an appropriate value of L with 𝜂=0.95 and M=0.3 is as follows. 

𝐿 = {(350 − √2 × 100) × 0.95 × 1002} (50,000 × 0.3 × 200 × 350)⁄ ≈ 1.89[𝑚𝐻] 

 

From the above estimation, re-simulation is performed with a new inductance of 2mH. The peak value of inductor current is 

𝐼𝐿_𝑝𝑒𝑎𝑘 ≈ 3.4𝐴 as shown in Figure 3.  

Therefore, the ripple rate is  𝑀 = (3.4 − 2.82)  2.82⁄ ≈ 20.6%,  which is successfully adjusted to less than 30%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Inductor current after adjusting the value of L  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝜂: Efficiency, M: Ripple rate 
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3. Adjustment of switching frequency fsw  

This chapter will show you how to adjust the switching frequency fsw to get the appropriate value for the inductor current ripple 
rate. The operation mode here is premised on CCM (Continuous Current Mode). 

3-1. Circuit example 

Figure 4 " A-6. PFC CCM Synchro Vin=200V Iin=2.5A " will be explained as an example. The conditions in the yellow box will 
be changed and then fsw value will be adjusted based on the changed conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Circuit example “A-6. PFC CCM Synchro Vin=200V Iin=2.5A”  

 

3-2. Ripple rate before adjusting switching frequency fsw  

Figure 5 shows the inductor current IL before adjustment of switching frequency fsw (default value: 100kHz).  

The peak value of IL is 𝐼𝐿_𝑝𝑒𝑎𝑘 ≈ 7.8𝐴. 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 5. Inductor current before adjusting switching frequency fsw 

 The peak value of the input current is 𝐼𝑖𝑛_𝑝𝑒𝑎𝑘 = √2 × 𝐼𝑖𝑛 ≈ 7.07𝐴, so the ripple rate M is calculated as follows. 

Ripple rate 𝑀 = (𝐼𝐿_𝑝𝑒𝑎𝑘 − 𝐼𝑖𝑛_𝑝𝑒𝑎𝑘)  𝐼𝑖𝑛_𝑝𝑒𝑎𝑘⁄  = (7.8 − 7.07)  7.07⁄  ≈  10.3% 

This ripple rate is small enough, so consider reducing fsw to improve efficiency. The efficiency before adjusting fsw is 𝜂 =97.2%. 

 

(*1: Changing the switching frequency fsw is only valid for CCM and DCM modes.) 

Efficiency 𝜂 = 97.2% 
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3-3. How to adjust the switching frequency fsw 

The switching frequency fsw can generally be described by the following. 

𝑓𝑠𝑤 = {(𝑉𝑜𝑢𝑡 − √2 × 𝑉𝑖𝑛) × 𝜂 × 𝑉𝑖𝑛
2}  (𝐿 × 𝑀 × 𝑃𝑜𝑢𝑡 × 𝑉𝑜𝑢𝑡)⁄  

 

Estimation of an appropriate value of fsw with 𝜂=0.972 and M=0.3 is as follows. 

𝑓𝑠𝑤 = {(500 − √2 × 200) × 0.95 × 2002} (0.001 × 0.3 × 1000 × 500)⁄  ≈ 56.3 [𝑘𝐻𝑧] 

From the above estimation, re-simulation is performed with a new fsw of 55kHz. The peak value of inductor current is 𝐼𝐿_𝑝𝑒𝑎𝑘 ≈

8.5𝐴 as shown in Figure 6.  

Therefore, the ripple rate is  𝑀 = (8.5 − 7.07)  7.07⁄ ≈ 20.2%, and the efficiency is 𝜂= 97.3%, which is 0.1% higher than 

before fsw adjustment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Inductor current after adjusting switching frequency fsw  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝜂: Efficiency, M: Ripple rate 

Efficiency 𝜂 = 97.3%   

(0.1% improvement） 
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R6050JNZ4 SCT2450KE 

 

4. Consideration of appropriate value of gate-drive voltage Vgs 

In this chapter, we will consider the appropriate value of gate-drive voltage Vgs, especially for SiC MOSFETs. 

4-1. Circuit example 

Figure 7 "A-2. PFC BCM Diode-Bridge-Less Vin=200V iin=2.5A" will be explained as an example.  
Consider the appropriate Vgs value to drive the low-side switching device “SCT2450KE (SiC MOSFET)”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Circuit example “A-2. PFC BCM Diode-Bridge-Less Vin=200V Iin=2.5A”  

 

4-2. Correlation between on-resistance Ron and gate-drive voltage Vgs 

As shown in Figure 8, on-resistance Ron of the conventional Si-MOSFETs is almost constant even if Vgs changes in the on 
state. On the other hand, in SiC MOSFETs, Ron changes greatly according to the change of Vgs value as shown in Figure 9. 
Therefore, setting the Vgs value is more important than Si-MOSFETs. 
In other words, in SiC MOSFETs, if Vgs value is low, conduction loss increases and efficiency decreases. On the contrary,      

if Vgs value is raised too much in order to improve efficiency, the rating will be exceeded. For these reasons, properly configuring 
Vgs value is very important. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8.  Ron vs. Vgs in Si-MOSFET                    Figure 9. Ron vs. Vgs in SiC MOSFET  
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4-3. Consideration of appropriate value of gate-drive voltage Vgs 

Figure 10. shows the efficiency simulation results when the Vgs value is changed in the circuit "A-2 PFC BCM Diode-Bridge-
Less Vin = 200V Iin = 2.5A" in the previous section 4-1. 

When Vgs value is 14V or less, the efficiency drops sharply due to the increase in on-resistance Ron. This tendency becomes 
more pronounced at lower temperatures. Usage in this Vgs range is prohibited because the risk of device destruction increases. 
On the contrary, the higher the Vgs, the better the efficiency, but please do not exceed the maximum rating (Vgs= 22V). 

Therefore, considering the balance between efficiency and safety, it can be said that gate driving at around Vgs=18V*1 is 
appropriate. 

（*1: ROHM’s SiC MOSFETs are generally recommended to be used at around Vgs=18V.） 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Simulation result “Efficiency vs. Vgs”.  
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5. Optimization of gate resistance Rg  

Noise reduction is a major issue in actual circuit design. Generally, increasing the gate resistance Rg can suppress noise, but 
on the contrary, it is inefficient (large loss), so it is very important to set the Rg value appropriately. 
In this chapter, we will consider how much the gate resistance Rg can be increased for a noise reduction while keeping the loss 

of MOSFET to a certain value or less (assuming 5W or less). 
Note that noise evaluation requires actual circuit evaluation, so it is omitted in this document. 

5-1. Circuit example 

Figure 11 "A-5. PFC CCM 2-Phase Vin=200V Iin=5A " will be explained as an example.  
We will consider how much Rg can be increased while keeping loss of the low-side SiC MOSFET SCT2450KE to 5W or less*1.                              
(*1: This condition is just an example, so please modify it with usage condition.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Circuit example “A-5. PFC CCM 2-Phase Vin=200V Iin=5A” 

 

5-2. Correlation between Rg and switching loss 

Figure 12 shows the correlation between switching loss, drain current ID, drain-source voltage VDS, and gate-source voltage 
Vgs at turn-on. These period t1 and t2 when switching loss occurs can be described as follows. 

 

       𝑡1 = 𝑹𝒈 × (𝐶𝑔𝑠 + 𝐶𝑔𝑑) × ln (
𝑉𝑔𝑠 − 𝑉𝑡ℎ

𝑉𝑔𝑠 − 𝑉𝐺𝑃
) 

       𝑡2 = 𝑄𝑔𝑑 × 𝑹𝒈 /(𝑉𝑔𝑠 − 𝑉𝐺𝑃) 

 

From these, the period t1 and t2 are proportional to Rg.  
Since ID and VDS change almost linearly in these period,  
switching loss is almost proportional to Rg as well. 

 

 

                                  

Figure 12.  
Correlation between switching loss, ID, VDS  
and Vgs at turn-on   
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5-3. Optimization of gate resistance Rg  
Figure 13. shows the simulation results for MOSFET loss with different Rg. For the sake of clarity, the resistance values on 

the “source side” and “sink side” are changed with the same ratio. 
The result shows conduction loss is constant because it is not affected by Rg, and switching loss is proportional to Rg as 

described in Section 5-2. In order to suppress the loss below 5W, the magnification ratio of Rg should be set to 9 times or less 
of the initial, that is, Rg(source)<45𝛀 and Rg(sink)<18𝛀  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 13. Simulation results for MOSFET loss vs. Rg  
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6. Optimum value of Dead Time  

In this chapter, we will consider how to estimate the optimum (shortest possible without shoot-through current) value of Dead 
Time in a bridge circuit. 

 

6-1. Circuit example 

Figure 14 " A-6. PFC CCM Synchro Vin=200V Iin=2.5A " will be explained as an example.  
Optimum value of Dead Time is considered for the synchronous rectification bridge topology using SiC MOSFET SCT2450KE. 
Dead Time can be set by the PWM controller TD1 (high side) and TD2 (low side), respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Circuit example “A-6. PFC CCM Synchro Vin=200V Iin=2.5A”   

 

6-2. Loss in the Dead Time period 

Figure 15 shows the current flow during the Dead Time period. “HS" means “high side” and "LS" means “low side”. 
In a bridge configuration, the Dead Time must be long enough to prevent shoot-through current from flowing. However, be aware 
that if you set the dead time unnecessarily long, the loss will increase. The reason for this is that during the Dead Time period, 
the channel of the MOSFET is OFF state and the current flows through the built-in diode with a large conduction loss. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Current flow during the Dead Time period 
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6-3. Correlation between Dead Time and power factor 

Figure 16. shows the correlation between the Dead Time length and the inductor current IL in the PFC circuit. 
If the Dead Time is too long, discontinuous operation may occur when input AC voltage is low, resulting in distortion of the inductor 
current waveform and a decrease in power factor. Therefore, setting the Dead Time unnecessarily long is not preferable from the 
viewpoint of power factor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Correlation between Dead Time and Inductor Current IL 

 

6-4. Consideration of the optimum Dead Time length 

Figure 17. shows the simulation results showing the correlation between MOSFET loss and Dead Time length. “HS" means “high 

side” and "LS" means “low side”. 
When the dead time is set to 50ns or less, the loss will increase sharply due to the shoot-through current. On the contrary, if 

the Dead time is extended, the conduction time of the HS-MOSFET built-in diode becomes longer, so the loss increases. The 
MOSFET loss is minimized at TD of 100ns when Dead Time is the shortest without shoot-through current. However, since the 
switching speed depends on the temperature and lot-to-lot variation, it is generally necessary to keep a margin of about 100ns. 
Therefore, in this case, Dead time of 200ns is the best.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Correlation between MOSFET loss and Dead Time length (simulation) 
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N o t e s  

The information contained herein is subject to change without notice. 

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.
Therefore, in order to prevent personal injury or fire arising from failure, please take safety 
measures such as complying with the derating characteristics, implementing redundant and 
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no 
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by 
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are 
provided only to illustrate the standard usage and operations of the Products. The peripheral 
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and 
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly, 
any license to use or exercise intellectual property or other rights held by ROHM or any other 
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of 
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified  
below), please contact and consult with a ROHM representative : transportation equipment (i.e. 
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety 
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace 
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising  from non-compliance with 
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained  in this 
document. However, ROHM does not warrants that such information is error-free, and ROHM 
shall have no responsibility for any damages arising from any inaccuracy or misprint of such 
information.

Please use the Products in accordance with any applicable environmental laws and regulations, 
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a 
ROHM sales office. ROHM shall have  no responsibility for any damages or losses resulting 
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,  
you must abide by the procedures and provisions stipulated in all applicable export laws and 
regulations, including without limitation the US Export Administration Regulations and the Foreign 
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of 
ROHM.
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