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High Growth Applications 

1. AC/DC - Power-Factor-Corrected- Bridgeless & Interleaved 

2. DC/DC - LLC, Half-Bridge, Phase-Shifted Full-Bridge, etc. 

3. Charging – On-board (EV), Charge Stations, Off-grid 

4. Inverters – Bi-Directional, Automotive, UPS and Storage 

5. Heavy Industrial – Electrified Equipment, HVAC, Welding 

Applications in Data Center, Automotive, Automation, Renewables:  
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Smart Power supply 

  
- 80 PLUS® standards 

- ENERGY STAR®  

- EN61000-3-2 
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The need for high-voltage, high power density devices operating at high frequencies and 

junction temperatures higher than 150 °C is growing, especially for advanced power 

electronics.  

Silicon-based devices are not able to meet these requirements without connecting, in 

series and in parallel, to a large number of devices using costly active or passive snubbers 

and expensive cooling systems.  

For this reason, the limitations of Si material properties for power devices have been 

debated during the last decade; and wide band gap semiconductors, such as those made of 

SiC and GaN, have attracted considerable attention.  
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Material 

 

EG , 

eV 

EC, 

MV/cm 

ni, 

cm-3 

µr , 

cm2/V/s 

vSAT, 

107 cm/s 

σT , 

W/m/K 

CTE, 

ppm/K 

Si 1.1  0.3  1010  11.9 1400   1.02  130  2.6  

GaAs 1.424 0.4  2.1 x 106 13.1 8500  2.0  55  5.73  

3C-SiC 2.36 1   10    ≤ 800 2.0 360  3.8  

4H-SiC 3.23 3-5   8.2 x 10-9 10.1 ≤ 900  2.0 370  5.12  

6H-SiC 3.0  3-5 2.3 x 10-6 9.66 ≤ 400 2.0 490  4.3-4.7  

GaN wurtzite 3.39   3-5  1.9 x 10-10 9 ≤ 1000  2.2 130  3.2-5.6  

GaN zinc blende 3.2                

Diamond 5.45  5.6  1.6 x 10-27  5.5 1900  2.7  600-2,000  0.8  

r

Table 1.  Physical properties for various semiconductors. 
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https://www.infineon.com/dgdl/Infineon-IPB60R060C7-DS-v02_00-EN.pdf?fileId=5546d46258fc0bc1015917ac25385ea1 
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https://www.wolfspeed.com/downloads/dl/file/id/145/product/1/c3m0065090j.pdf 

 

https://www.wolfspeed.com/downloads/dl/file/id/145/product/1/c3m0065090j.pdf
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https://gansystems.com/wp-content/uploads/2018/04/GS66516T-DS-Rev-180422.pdf 
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Figure 1 – Block diagram of the 300 W low cost micro-inverter 
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𝐼DAC_𝑝𝑒𝑎𝑘1 𝑛 = 𝑖𝑅𝐸𝐹 𝑛 + 𝐼𝑅𝑛 

𝐼𝐷𝐴𝐶_𝑡𝑟𝑜𝑢𝑔ℎ 𝑛 = 𝑖𝑅𝐸𝐹 𝑛 − 𝐼𝑅𝑛  

𝐼𝑅𝐸𝐹𝑚𝑎𝑥 = 2
𝑃𝑜𝑢𝑡

𝑉𝐺𝑟𝑖𝑑
𝑁𝑇1

 

𝑖𝑅𝐸𝐹(𝑛) = 𝐼𝑅𝐸𝐹𝑚𝑎𝑥𝑠𝑖𝑛
2𝜋𝑛

256
  for 𝑛 = 0 … 255  

𝐼𝑅𝑛 =  𝐼𝑅𝑉𝐵𝑢𝑐𝑘=0 +
𝐼𝑅𝑚𝑎𝑥−𝐼𝑅𝑉𝐵𝑢𝑐𝑘=0

64

𝑛

256𝑓
  

𝐼𝑅𝑛 =  𝐼𝑅𝑚𝑎𝑥 +
𝐼𝑅𝑚𝑖𝑛 − 𝐼𝑅𝑚𝑎𝑥

64

𝑛 − 64

256𝑓
 

 for   𝑛 = 1 … 64 

for   𝑛 = 64 … 128  

 𝐼𝑅𝑚𝑎𝑥,  𝐼𝑅𝑚𝑖𝑛 , and 𝐼𝑅𝑉𝐵𝑢𝑐𝑘=0  are tuned to obtain maximum 

efficiency of the inverter. 
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Power supply 

  

The dement for PFC circuit is mainly driven by EN61000-3-2, ENERGY STAR® and 80 PLUS® standards.  
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PFC 

Definition of thee power factor, PF, of an AC electrical power system 

𝑃𝐹 =
𝑃

𝑆
 

real power 

apparent power 

𝑃𝐹 = 𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝐹𝑎𝑐𝑡𝑜𝑟 × 𝐷𝑖𝑠𝑡𝑜𝑟𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 

 𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝐹𝑎𝑐𝑡𝑜𝑟 = 𝑐𝑜𝑠𝜑  

𝐷𝑖𝑠𝑡𝑜𝑟𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 =
1

1 + 𝑇𝐻𝐷2
 

𝑇𝐻𝐷 =
𝐼2

𝐼1

2

+
𝐼3

𝐼1

2

+ ⋯ 
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Totem-pole bridgeless PFC converter.  
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PFC 

The positive half-line cycle equivalent boost circuit 
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PFC 

The negative half-line cycle equivalent boost circuit. 
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PFC 

22 

Totem-pole bridgeless PFC converter.  

To improve the efficiency of the totem pole PFC synchronies 

rectification can be used.  

The converter operates as follow.  

Switch B1 is ON, the current trough the inductor is rising. 

When the inductor current reaches peak value, the switch B1 is 

turned OFF and after some delay, the switch B2 is turned ON, 

the current trough the inductor is decreasing and when it 

reaches the trough value and after another delay, the switch B1 

is turned ON.  

During the two delays, the currents are passing through the 

switches intrinsic diodes and capacitors as it is explained 

above for no synchronous rectification.  

Dead time is necessary to avoid cross conduction! 

Using IXC2 event driven timers, the two delays can be 

changed dynamically during the operation and therefore the 

efficiency of the total pole PFC can be further improved. 
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PFC 
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Agenda 

IXC2 HFCS2_LFCS2 and HFVS1 block diagrams 
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IXC2 Switching Engine 
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IXC2 Switching Engine configuration for Solantro Totem pole PFC 
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PFC 

Timing diagram of the Solantro Totem pole PFC Boost 1. 
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PFC 
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PFC 

Totem Pole PFC hardware and control loop for the low frequency switches 

𝑡𝑏𝑙𝑚𝑖𝑛
= 𝑛𝑚𝑖𝑛∆𝑡 

𝑛𝑚𝑖𝑛  THD, % 

2 0.43 

4 0.97 

6 1.62 

8 2.37 

10 3.21 

12 4.13 

 
𝑉𝐺𝑟𝑖𝑑 > 𝑉𝑏𝑙  and 𝑛 ≥ 𝑛𝑏𝑙  



e-mail contacting: ottawapels@gmail.com 
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