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STMicroelectronics powers totem pole PFC
with SIC MOSFETSs, thyristor SCRs and digital control

Bridgeless totem-pole PFC

Inrush current limiter with SCRs
in totem-pole PFC

==

3.6 kW totem pole PFC solution with
SCR Inrush current limiter

Key Power Product Families
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Bridgeless totem-pole PFC

Supporting Car Electrification and Power Conversion

Increased power density with totem pole boost

Smart Inrush Current Limitation
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SCR high reliability without moving parts
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Basic single phase PFC topologies for CCM

With input bridge rectifier

Simple Boost

Bridgeless

Totem-pole
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+ Simple + Higher efficiency

+ Simple input voltage sensing

- Two diodes in series all the time
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- Input voltage sensing requires OpAmp
- More complex
- Needs SiC MOSFETs with no Qgg of

diode 4




Basic single phase PFC topologies for CCM I

With input bridge rectifier Bridgeless

Simple Boost Totem-pole

junctions in series: 3 junctions in series: 2




Totem pole bridgeless PFC working in CCM
totem pole PFC operation in steady-state

Vac >0

S1 controls PFC choke charging

S2 body diode is used only for
discharging choke to the output

S2 can be switched on during t 4 to
reduce voltage drop of the body diode

Vac <0

S2 controls PFC choke charging

S1 body diode is used only for
discharging choke to the output

S1 can be switched on during t« to
reduce voltage drop of the body diode
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Inrush current limiter with SCRs In totem-pole PFC

Smart and Reliable control of the AC Power Delivery
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Inrush current limiter with SCRs In totem-pole PFC

ICL with NTC and bypassing relay

Relay m_ﬁ'ﬁ}m E:
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A Diodes are used for returning current path

A Resistive element is inserted into current path (NTC or PTC)

A NTC is bypassed after startup by relay to decrease power
losses on NTC
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|ICL with SCRs

e, E3

1200V

—— 400V
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SCRs are used for returning current path

When SCR are not being switched, output capacitor

Is disconnected

During startup phase, pulses to SCR are being time
controlled to slowly charge output capacitor

This method requires timing
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Inrush current limiter with SCRs In totem-pole PFC

ICL with NTC and bypassing relay ICL with SCRs
+ Relay can be driven by simple delaying circuit + No electromechanical bouncing
- Relay causes audible noise when switching - Need exact SCR pulse timing
- Relay not usable in systems with vibration + Faster startup procedure (constant peak current)

- Relay metal contact aging
- Slower charging time (current drops every cycle):

LN Charge time = 400 ms B

I

Chz 200y
Ch3 1004 @ Chd 200y Ch3 Chd 1.0% Chd
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Inrush current limiter with SCRs In totem-pole PFC

But a Thyristor has a much higher voltage drop than a diode...

Or does it?

IEM(A) Comparison of forward voltage drop
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Innovative topology for D-SMPS, EV charging and motor drives
o

- 97.5 % peak efficiency

Peak inrush current tuning

Very low THD and high power factor
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@ 3.6 kW totem pole PFC solution with SIC
MOSFETSs, thyristor SCRs and digital control



STEVAL-DPSTPFC1
3.6 kW 1-ph totem-pole PFC

A Input AC voltage: 85 V. up to 264 V
A Input AC frequency: 45 Hz up to 65 Hz
A DC output voltage: 400 V.
A Maximum input current: 16 Agys
A Ambient temperature: tested from 0 °C up to 45 °C
A Peak Efficiency: 97.7 % with 4.7% THD
A Compliant with:
A EN 55015 and IEC 61000-4-11 and IEC 61000-3-3

A IEC 61000-4-5 surge: 4 kV
A 1EC 61000-4-4 EFT burst; criteria A @ 4 kV min

A Cooling: forced air cooling with active fan
A Designed for operation with DC / DC converter
A Peak inrush current tuning

4 > A
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STEVAL-DPSTPFC1
3.6 kW 1-ph totem-pole PFC

SCTW35N65G2V TN3050H-12WY
Silicon carbide I\‘/IOSFET 650V, 45 A SCR Thyriitor 30A 1200V Key PI‘Od u CtSZ
L . A SCTW35N65G2V (SiC MOSFET)
[ ] A TN3050H-12GY (SCR Thyristor)
E.E]mv Ejmov A STGAP2AS (Galvanic insulated gate driver)
A STM32F334 (32-bit MCU)
L e— VY ——¢ | oo AVIPer26LD (converter for aux. PS)
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Digital bridgeless PFC with inrush limiter
STEVAL-DPSTPFC1 1 operation during inrush limitation
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The SCR gate signals limit the AC inrush current by sweeping triggering angle backward from 180° to 0°
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Digital bridgeless PFC with inrush limiter

T@A‘i "Il STEVAL-DPSTPFC11 MOSFETs contro

ﬁ‘:
HVDC (100V/div)
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DT | | DT=200ns

SiIC MOSFETs operate in safe synchronous conduction mode to optimize efficiency

4 > A




Results: efficiency & THD
Vye = 230 Vgys @ 50 Hz, T, = 25°C

High Efficiency over complete load range xVery low THD in medium / high load
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