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1 Overview
1.1. Description

The EVF32010-18831 evaluation board is an AC/DC power factor correction (PFC) controller based on
a totem-pole topology. The totem-pole topology has recently gained popularity due to its simplicity and
efficiency. The main issue that had previously held back the wide implementation of Totem-pole
topologies was that the transistors were required to be very fast while also being able to block high
voltages. This problem has been overcome thanks to the implementation of wide bandgap transistors
with fast reverse recovery.

This reference design discusses the ad hoc development of a specific totem-pole PFC controller, as well
as optimal sizing and selection of components, to create a highly robust system. Furthermore, time-to-
market can be significantly reduced due to the integrated GUI.

1.2. Features

1 Efficiency Exceeding 98.5% at Nominal Conditions
9 Power Factor Exceeding 99% at Nominal Conditions
1 3kW Rated Power
1 GUI Interface
1 Meets the Following Standards:

o0 Harmonic Currents: IEC 61000-3-2

0 Conducted EMC: CISPR 32

o Voltage Sags: IEC 61000-4-11

1.3. Applications

1 Uninterruptible Power Supplies
1 Energy Storage
1 Server SMPSs

All MPS parts are lead-free and adhere to the RoHS directive. For MPS
green status, please visit the MPS website under Quality Assurance.

AMPSO, t he MPS 1|l ogo, and ASi mpl
trademarks of Monolithic Power Systems, Inc. or its subsidiaries.

Warning: Although this board is designed to satisfy safety
requirements, the engineering prototype has not been agency
approved. Therefore, all testing should be performed using an

isolation transformer to provide the AC input to the prototype
High Voltage board.

1.4. System Description
This converter is comprised of a main PCB and four daughter boards. Figure 1 shows a general hardware

diagram.
Vac I Power Stage —\Oc ouT
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Figure 1: Hardware Diagram
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Figure 2 shows a simplified circuit of the totem pole (TP).

&

mes

MPF32010

Figure 2: TP Simplified Circuit

The main components of the power stage include an inductor, capacitor, and a controlled full bridge. The
branch of the full bridge that is connected to the coil has SiC devices that switch at a high frequency
(65kHz). The switches on the lower frequency branch, which commutates at grid frequency, could be
implemented with diodes, but Si transistors are recommended due to their lower conduction losses.

The TP PFC behaves as a boost converter in which the SiC devices are activated complementarily, and
the Sidevicesareusedasareturnpath f or t he current. For a more det ai
operation, refer to the MPF32010 datasheet.

When compared to an interleaved boost PFC, TP has four semiconductor devices instead of eight. Out
of these four devices, current only flows through two devices at any given moment, whereas the
interleaved boost PFC has three elements conducting simultaneously. This is why TP has better overall
efficiency.

Cascodes from UnitedSiC were selected for the fast-switching branch because they offer very good
performance in terms of | osses, reverse recovery, a
voltage to switch off. Therefore, only a 12V auxiliary voltage is required to drive all transistors (a high-

side supply voltage is obtained when the drivers work in bootstrap operation). This simplicity improves

the systembébs robustness and reduces board space. B
dividers, there is no need to add comparator circuity in order to detect polarity. Instead, this is achieved

with the c¢onloakedlotpdPlld.s phase

1.5. Related Solutions
This reference design is based on the following MPS solutions:

Table 1: MPS ICs

MPS Integrated Circuit | Description
MPF32010 Totem-pole controller
MP18831-4CGY Half-bridge driver
MCS1802GS-10 DC current sensor
RDO00013 Rev. 1.01 MonolithicPower.com 5
5/12/2022 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
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2. Specifications
2.1. Electrical Specifications
Table 2: Electrical Input Specifications

Parameter Min Typ Max Unit Remarks
Voltage 80 230 250 Vac -
Frequency 45 50 66 Hz -
Current - - 19.6 A -
Power factor 0.99 - - - Nominal conditions
Efficiency 0.985 - - % Nominal conditions
Pour A
(kW]

Derating -
: : =ViN(RMS)
155 180
Table 3: Electrical Output Specifications
Parameter Min Typ Max Unit Remarks
Voltage - 400 - Vbc -
Ripple - 12.5 - \ Nominal conditions
Power - 3 3.3 kw -
Line regulation - 0.02 - % -
Load regulation - 0.4 - % -
Table 4: Protections

oT Over-temperature

oL Overload

ocC Over-current (input and output)

uv Under-voltage (input and output)

ov Over-voltage (input and output)

Table 5: Standards

Harmonic Current IEC 61000-3-2:2018+AMD1 (Class A)
Conducted Emissions CISPR 32:2015+AMD1 (Class A)
Voltage Sag IEC 61000-4-11:2020

2.2. Mechanical Specifications
Table 6: Mechanical Specifications

Controlled fan based on
temperature and power delivery

Weight <3.2kg
Dimensions | 195mmx127.5mmx108mm

Cooling

RD00013 Rev. 1.01 MonolithicPower.com 6
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2rerssesss ssssssw

Figure 3: Connectors and LEDs

Table 7: Connectors and LEDs Description

Connector Description

DL1 Power OK LED

DL2 Alarm LED

J15 Connector used to power the fan

J14 Checks the auxiliary voltage using a 12Vaux connector
Alarm connector (3.3V if asserted)

J13 9 Used to trigger a circuit breaker if needed (not

isolated from power)

SW1 Power ON/OFF switch
Communications connector (isolated from power)

J12 T CAN: 1GND 2H 3L
1 RS-485: 4B 5A 7GND

Figure 4: The EVF32010-18831
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2.3. Communication Specifications

Users can use the Virtual Bench Pro 4.0 tool to read and write to the memory map via a proprietary
communication protocol implemented using the RS-485 standard. For remote programming, the
controller can be configured through a non-compliant Modbus RTL protocol. The register map is
organized in pages and grouped by functionalities. Table 8 shows the access addresses.

Table 8: Access Addresses

Boundary Registers Size
Type Page Address (Bytes) Access Group
0 0x0000~0x001F 2 (unit 16) General settings
. : 1 4 (float 32) Protections
Holding register R/W —
greg 2 4 (float 32) Calibration
3 0x0000~0x000F 4 (float 32) Controller
. 4 (mixed unit, .
Input register 0 float 32) R Information

Figure 5 shows a read request and response for holding input registers. Refer to the related datasheet
for more information.

Read request for 16-bit or 32-bit registers A — Code

Size (bytes) Field Read Holding Register 0x03
1 ID (1 to 255, 0 for broadcast) Read Input Register Ox04
1 FUNCTION L
2 ADDRESS o masTerisLave '[° pace  °[7 appress O
2 QUANTITY OF REGISTERS [ 2 0: Master 0: Page 0 0x0000-0x001F: Page 0
2 CRC P 1: Slave ; 5:355 0x0000-0x000F: Pages 1to 3
3: Page 3
L— Number of registers to read in the selected Page.
Read response for 16-bit or 32-bit registers — =
Size (bytes) Field B UXFFFFZFfF =
! 10 (110255, O for broadcast) " Z:zzzgzz 87 ::«Z::: ‘ Big-endian representation for addresses and data.
! FuNeTIoN " oxo00000 °|” aporessio ° -
1 BYTE COUNT T 5 5|  The CRC calculation is started by pre-loading a 32-bit
N VALUE (MSB first) _ 0x000000 | QUANTITY[1) _ va:ue of 1's.Then szcessive Byt&sr;og;aéted as 32-bit
4 CRC (FUNGTION, BYTES, VALUE) _x000000 auANTITYI) velues are processed to generate |
RESULT CRE32 Polynominal = 0x04C 1MDB7.

Figure 5: Read Request and Response for Holding

Figure 6 shows a write request for holding. Refer to the related datasheet for more information.

Write request for 16-bit or 32-bit registers

Size (bytes)

1 1D (1 to 255, O for broadcast) Write Multiple Register ox10
1 FUNCTION -
2 ADDRESS .——' MASTER/SLAVE 7[6 PAGE °|7 ADDRESS "I
2 QUANTITY OF REGISTERS
1 BYTE COUNT *— Number of bytes contained in the VALUE field.
N VALUE (MSB first) g OxFFFFFFFF °
4 CRC (from FUNCTION to VALUE) e+— | ov000000 T Funcmion ®

*" oxo00000 °|” aporessin °
Write response for 16-bit or 32-bit registers i 0x000000 ®|" aooressig °

Size (bytes) Field *" oxoo0000 °|” quantiTv(y °

1 ID (1 to 255, 0 for broadcast) ' 0x000000 °|” quanTiTvig °
1 FUNCTION *' ox000000 °|" eves  °| Big-endian representation for addresses and data.
2 ADDRESS *" oxo00000 °|7 opatacy °

5 =17 5] The CRC calculation is started by pre-loading a 32-bit
2 QUANTITY OF REGISTERS 0x000000 DATAC(O) value of 1's.Then successive Bytes formatted as 32-bit
4 CRC (from FUNCTION to QUANTITY) ** oxooooo0  °|7 °l values are processed to generate the CRC.

3 °

RESULT CRC32 Polynominal = 0x04C 11DB7.
Figure 6: Write Request for Holding
RD00013 Rev. 1.01 MonolithicPower.com 8
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3. Hardware Design
3.1. Selecting the Output Capacitor

The output capacitance has to deliver part of its stored energy when the instantaneous input power is
below the power demanded by the load. At this time, the output voltage decreases. The capacitor is
charged again when the instantaneous input power exceeds the output power. This cycle explains why
the PFCO6s output ripple frequency is double that of

‘l P|N

v _

ey -\ Pinave)=Pour

N |
oy : f -

A
VOUT 3
Voutave)

|-

Figure 7. TP Instantaneous Power and Output Voltage (Excluding Losses)

The capacitance can be calculated with the output voltage ripple and/or the withstand time. The output
voltage ripple is limited to 15V. The minimum value of the input capacitor (C) can be estimated with
Equation (1):

thtie g onnn
/ '#m&h a<+h.tru B ﬁmnmr'md)pq:)YC (1)
For this reference design, four 470eF capacitors we
output voltage ripple is about 12.7V. The hold-up time (thowp) can be calculated with Equation (2):
q h[|-'5—i :H?:::Lb I'b] h[|_|5nH'| T>i:ﬂfnnrMO cDCbY.é. (2)

The converter only allows grid power interruptions for about half a grid period. The RMS current (Ic_rwms)
flowing through the capacitors can be calculated with Equation (3):

B YUHRR ¢ th yVIHF-’onnnonn |
lQ'Jfr;l 0 P Bty ¢ #h I_U’Lll“"’g{oFHoF’nnnnn]r-l—yH ®3)

The equivalent series resistance (ESR) can be estimated with the manufacturer dissipation factor (DF)
in Equation (4):

5C ndH
W—
9 { wi BWL,Sﬂi{IJ o A oe | MG dnY 4)

The capacitor loss (Pc) can be calculated with Equation (5):

t Ty wB { Mg, I'T OPHoMe B o c 2 (5)
RDO00013 Rev. 1.01 MonolithicPower.com 9
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3.2. Selecting the PFC Inductor

A lower current ripple improves performance regarding core losses and EMC. A current ripple that is 16%
of the maximum input current has been selected, calculated using Equation Error! Reference source
not found.:

tht on N Ny =
NEF R s VHIMLT 1 Baee U BViTo @ly p (6)

Where the current ripple is set to be 16% of the maximum input current.
The inductance (L) that is required to limit the current ripple can be calculated with Equation (7):

PLbwalBdnvBLbyaty M YVRP 0 e yVm
[ T Py Rl I_H_l" cpnanthJyf)o-rh> (7)

A toroid CH610060GT core was selected for this reference design. Table 9 shows the core data for this
component. @

Table 9: Core Data

AL (nHIT?) MPL (cm)
192 14.37

Note:
1) For more details, refer to http://changsung.com/file/product/cores/1.%20High%20Flux%20GT%20cores/TDS CH610060GT .pdf.
The required number of turns (n) can be estimated with Equation (8):

T o T>h
A s I UL ®)

The number of turns were calculated without considering the flow of current through the coil. Therefore,
up to 52 turns should be wound to compensate for the DC bias. The inductance without current (Loa) can
be estimated with Equation (9):

[ P (A, o © NPl m éh > 9)

To calculate the inductance at the maximum current, the magnetic force (H) must be calculated. H can
be estimated with Equation (10):

| TP Poga) - gy p2 O R o 1"

at [ némnoT

I‘MﬂCQdS'NrOTCDnnhS (10)

Then, the real inductor permeability can be calculated using Equation (11):

T2t SN t SR —— LT 1 (11)
The biased inductance (Lgias) can be calculated with Equation (12):
[CLE € SN, LT @ Pmywilo o>t (12)

The inductance calculated in Equation (7) is almost equal to the biased inductance calculated in Equation
(12).

For the complete drawing of the inductor (and all manufacturer information), see Figure 74 on page 60.

RDO00013 Rev. 1.01 MonolithicPower.com 10
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3.3. Low-Frequency Switches

The transistors that switch at the grid frequency were selected with very low Rpson) value to reduce
conduction losses as much as possible. Note that switching losses can be neglected.

Figure 8 shows the relationship between T; and Rpson). With a junction temperature of about 50°C,
Rosony = 18mq is obtained using the datasheet:

0.040
/
7
7
0.035 /
7
Y-
0.030 R ,/ ,/
A

0.025 A4

Rosieni [£1]
:
| \%

0.020 -
iy
ff/_'f?w 1
0.015 e’
-

..-""f.';; =
0.010 =
0.005

S0 25 0 25 50 75 100 125 150
Ti[°C]

Figure 8: Rpson) VS. Temp

Each transistor conducts for half of a grid period. The RMS current value during one cycle (lo r rvs) can
be calculated with Equation (13):

b vl 25 o S5 P v (13)
The conduction loss (Pq (r) On one transistor can be estimated with Equation (14):
ty o6 ywoaP% (e By o BPV Y WATD C 2 (14)
The power loss (Piec_Lr) during the low-frequency branch can be calculated with Equation (15):
T ow b/fﬂ\cmﬂrﬂ.w! b/ TFHBEPH 2 (15)

3.4. High-Frequency Switches

A SiC cascode from UnitedSiC was selected to implement the high-frequency switching branch. This
particular cascode has very good performance, and it simplifies the hardware because it does not need
a negative voltage to be applied to the gate.

Losses can be calculated with the UnitedSiC online tool (see Figure 9 on page 12). ® TheSiCdevi ce 6 s
losses are 17.1W. However, since a snubber was added in each cascode, the total losses are higher. @

Notes:

2) For more details, refer to https://unitedsic.com/fet-jet/.
3) For more details, refer to https://unitedsic.com/appnotes/Snubber%20AppNotes V8.pdf.

RDO00013 Rev. 1.01 MonolithicPower.com 11
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Equivalent Circuit Calculated Parameters
RMS current per high frequency leg[A] 16,7
RMS current per low frequency leg[A] 16,7

Modulation factor 0,64

High frequency leg FET Rdson adjusted to

temperature [Ohm] 0214

Low frequency leg FET Rdson adjusted to

temperature [Ohm] 027

Losses per high frequency leg FET and Temperature

jon  UJ4C075018KAS
FET HF Selection Forward conduction [W] 1,6

FET LF Selection  UJ4C075018K45 Reverse conduction[W] 1,4
Turn-on switching W] 4,2

Turn-off switching [W] 1,3

Power rating [VA] Total W] 8,6

Load power factor 1
High frequency leg FET junction temperature [’C] 58

Line to neutral RMS voltage V] 180
Number of high frequency legs 1 Losses per low frequency leg FET and Temperature

Number of low frequency legs 1 Forward conduction[wW] 0

DClink voltage[V] 400 Reverse conduction [W] 2,9

Switching frequency [Hz] 65000 Turn-on switching [W] 0

Input inductor ripple current[%] 16 Turn-off switching W] 0

Number of parallel FETs in high frequency leg 1 Total W] 2,9

Number of parallel FETs in low frequency leg Low frequency leg FET junction temperature [°C] 53

Rdsontype  Typical
Rthjctype Maximum Total Losses and Efficiency

Heatsink temperature [°C] 50 Per high frequency leg[W] 17,1

High frequency leg Rthcs (isolator pad) [K/W] 0,6 Per low frequency leg IW] 5,8

Figure 9: High-Frequency Losses

3.5. Input Current Sense

For this reference design, the CAS 25-NP from LEM was selected as the current sensor. The supply
voltage is 5V, so the sensor output is 2.5V when there is no current flow. The 2.5V output was shifted to
1.65V to match the ADCO6s voltage |l evel s®using an op

c28 3.3V
100nF | ? R31
GND'Ill | 18.7kY
R25

110kY L0

5V

w

R29
110kY

GND

Figure 10: Input Current-Sense Signal Condition

Note:

4) For more details, refer to https://www.allegromicro.com/en/insights-and-innovations/technical-documents/hall-effect-sensor-ic-
publications/shifting-the-offset-voltage-of-current-sensors.

IfRsandRxar e set topandRk:Cdnde caldrilated with Equation (16):
+ [
W, £ LR, Tow, P PR m Ay anr | (16)

x
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Due to tolerances, the final output voltage may not be exactly 1.65V, so auto-zero trimming is initiated
each time the converter starts up. This feature can be disabled.

The maximum current as an absolute value (|lvax|) can be estimated with Equation (17):

1§ Hisnypon( AL { SY &L A G &P pOTep! (17)

Another turn to the primary can be added to double the sensitivity and reduce the noise/signal ratio.
However, this would reduce the current range, which could result in safety issues when the voltage sags.

The power losses (P) can be calculated with Equation (18):

H

H
H th ¢ onnn
Lrgbwm{r+,&wawa{ om0 P D HMIYH P p Y2 (18)

3.6. Output Current Sense

The MCS1802GS-10 Hall sensor measures the output current. The maximum DC current (lout_max) can
be estimated with Equation (19):

lh:lm!rth:m!jih:fonandJHp! (29)
The sensor can measure up to +10A, so the losses in the sensor can be calculated with Equation (20):
tr o o BTt h o betn P Ton njn n #en ooy n Y2 (20)

3.7. Selecting the NTC

When selecting the NTC, calculate the energy (E) required to charge the bulk capacitor with Equation
(22):

oY/ £ YPPn T>AR H ol Th ®n p W (21)
After calculating E, the MS1530004cur rent | imiter was selected (up
resistance, so the maximum current (lIe_ntc) that flows through it can be calculated with Equation (22):
lyb d H OVMj 0 imn Py ! (22)

Based on Equation (22), a 20A fuse was selected.

3.8. Temperature Sense

An NTC (NTCALUGO02A103G) senses the heatsink temperature, which ranges between 40°C and 100°C.
When the heatsink temperature is between these values, the fan is activated. If the temperature reaches
90°C, the converter is switches off (see Figure 11 on page 14). This threshold value can be maodified via
the GUI.
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C26

| ? 3.3V
GND ||| 100nF| c27
)

» TEMP
AD8605ARTZ

GND
Figure 11: Temperature Signal Conditioning
Figure 11shows howaresistor(R;;7) can be placed in seriessabléerange. NT C2
R27 can be calculated with Equation (23):
WT Woe, Rban KR RenT M dny g mdam | (23)

The voltage divider formed by NTC2 and R»7; create minimum (Vin_mn) and maximum (Vin_max) input
voltages, estimated with Equation (24) and Equation (25), respectively:

Wyt d dom
iquJaFmBMb / mlj Oﬁgg,” nbml’q,wq%{y T+ (24)
. _M Olam
| ay rw:ogwow mr/omgT - Mhmg onn+ (25)

This output voltage range is amplified to improve the accuracy of the ADC reading. The amplification gain
(Gain) can be calculated with Equation (26):

DI A*'T‘°“’"‘”"’P ®nn (26)

T p HOmMDY

The amplification is implemented using an operational amplifier (U5) in a non-inverting amplifier
configuration. The gain can be estimated with Equation (27):

DI A yﬁ"m b (27)
Where R2a= 1 K q, 30 @n lek catulated with Equation (28):
W fw, RD my imP 1 omfi M QvFm D mp | (28)
The final gain from U5 can be found using Rz and R4, calculated with Equation (29):
. )
DI A ywﬂﬁrm%‘f‘ Hdnp (29)
The maximum output voltage (Vout max) can be calculated with Equation (30):
by qut [P PREOL PIOOBMOPIORR, ¢ ¢ 4 (30)

To obtain Vour max, an offset must be introduced in the circuit. The value of this reference voltage can be
found by applying the superpaosition principle, as calculated with Equation (31 and Equation (32):

. ﬁ_"&,,ﬁ. ’ Wi .
ih: ¢a ! I"i,pra!F.DI mhn_WgLéiWJq/\fnpimﬂ! PD | ﬂ:rbl[q)a! . (31)
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oGPty 0 D Y ga .rM“”}jl“me PR P F o PO @@ p t (32)

The reference voltage is obtained using a resistive voltage divider. Ri7 and Ris are equal to one another,

which cuts the 3.3V voltage in half (1.65V). The operational amplifier (U4) can be implemented as a
voltage follower or, in other words, a non-inverting buffer.

The temperature readings obtained from the sensing circuitry trigger over-temperature protection (which
can be configured viathe OTr egi st er) and to set the fandés spinnin

speed when the NTCOs temper at uspeedigpapat®mhlsto titeodtpDt Ot h
current. The minimum duty cycle can be defined in the FAND register.
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4. Control Design

Set the parameters securely by using the provided GUI tool. Before testing the evaluation board, set safe
operation conditions by configuring accurate measurements, safe electrical limits, and coherent control
loop parameters. The MPF32010 is a totem-pole PFC controller that operates in continuous conduction
mode (CCM). It is governed by an average current mode (ACM) control scheme. Figure 12 shows the
dual control loop.

VAC_IN @\

DPWM |

Y

2L
VO)'I(JT “%.l?.‘.t.-S':art. AT\,fpe II Lim.'lter;n” A. ; PI
Wz f.lip VoV 0.:12

Motch VOUT

Wo!

Figure 12: PFC Average Current Mode Control

The first parameter to set in the controller is the switching frequency (fsw). fsw also defines the time period
for the digital control algorithm. If fsw is changed, it must be saved in the internal memory before the
control card is reset.

Table 10: Switching Frequency and Control Period

Parameter Description Value Units

Defines the PWM switching frequency and sets the

Switching frequenc . < 65 kHz
gfreq y control algorithm&biw)execut
RD00013 Rev. 1.01 MonolithicPower.com 16
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Connect MPF32010

Device
Parameters

Mode Settings Communication Settings Other Settings

Enable - Send DataBase to Disable - Switching

Master Slave Frequency

65 kHz

Send DataBase to
Stand-Alone Enable - Flash Enable A

Direction Forward M Periodic Update  Disable -
Figure 13: Update fsw via the GUI
4.1. Calibration

The calibration registers are used for linear signal conditioning for gain and offset compensation. The
calibration registers scale the sensed input voltages to their real magnitudes. The gain is determined by
the inverse of the sensitivity of its respective transducer and conditioning circuit (see Table 11).

Table 11: Calibration Parameters

Parameter Conditioning Gain Offset
Input line voltage o
wacCcCcn
Input neutral voltage A:SMB |'I {T?VI nmaonH 141.42 0
Output voltage
- A
Inductor current Byc' Hp Y+ <l 40 1.65

hTTaSurM¢cp

Asyﬁ"uMOHY'FK'CDpry
hFFaSdrmobep
DFAYyTImMkndnpny l my ®H

Output current 7.5758 1.65

w
o

y =0.0548x - 2.1064

N
o

Temperature 18.248 -2.1064

Voltage (V)
-
o

o
o

40 60 100

Temp (AC) 80

To improve accuracy, fine-tune the parameters by comparing the values from the monitoring window in
the GUI to the values obtained by external instruments. The controller includes an auto-zero function for
the current channels. When this feature is enabled, the offset registers are overwritten during start-up.
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Figure 14 shows how to set the calibration values using the GUI .

Protection Calibration Controller | Timings

[ Vout ] : Current ] [ Temperature J

Input Line Settings

Line Voltage Gain | 141.42)
Line Voltage 0
Offset

Input Neutral Settings

Neutral Voltage

Gain 141.42
MNeutral Voltage 0
Offset

Protection| Calibration | Controller | Timings

("Vin | Vout m Temperature

Input Current

Input (Inductor)

Current Gain 40
Input (Inductor)

Current Offset 168
Output Current

Output Current 7.5758
Gain

Output Current 1.65

Offset

Figure 14: Using the GUI to Set the Calibration Values

4.2. Protections

| o

3kwW TOTEM-POLE PFC

Protection | Calibration | Controller | Timings

(Vin m : Current ] [ Temperature J

Vout Settings

Output Voltage

Gain 141.42
Output Voltage 0
Offset

Protection | Calibration

Temperature Settings

Temperature
Offset -2.1064
Temperature Gain 18.248

Ty
A

Controller | Timings

(Vi) (Vour ) (orrene )

This controller provides input and output over-voltage (OV), under-voltage (UV), over-current (OC), and
temperature protections. These protections set safe operation conditions for the PFC and prevent
damaging the load and converter parts. For a more detailed description, refer to the related datasheet.

Because limits depend on the electrical properties of the converter, refer to
Specifications section. Table 12 on page 19 shows the threshold values for critical protections such as

OV and UV condi

t

ons whi ch, i f

passed,

the datasheet 06s

may stop the

RD00013 Rev. 1.01
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Table 12: Critical Protections

MPF32010 Reference Design
3kW TOTEM-POLE PFC

power switches heatsink.

Parameter Description Threshold Units
Value
Input under- 80 Vs
voltage lockout on | Minimum operation input voltage. The response of this protection
Input under- may be delayed by the voltage sag protection.
90 VRMs
voltage lockout off
Input over-voltage | Maximum input voltage. 370 Vek
Ou\tglljtgg\éer— Maximum output voltage, which protects the output capacitors. 450 \%
Output under- Minimum output voltage to prevent diode rectification. The output
: . ) . ; 15 \Y
voltage margin voltage ripple must be considered before setting this value.
Average input Maximum average input current amplitude. It keeps current at a 55 A
over-current safe level for the power switches.
Inbut over-current Sets a value for an external comparator to fast stop the switching
P operation if the input current overpasses the threshold (disabled 3.2 Vv
level o
by default on this kit).
Output over- Maximum output current. The output ripple must be considered 15 A
current before setting this value.
Over-temperature Maximum temperature measured in the NTC sensor placed on the 90 oC

Table 13 shows non-critical protections. These protections protect the converter while allowing it to

operate normally.

Table 13: Non-Critical Protections

Parameter Description Value Units
The voltage sag is defined in IEC61000-4-11 Class 3. See 0,92
Sag voltage level . _ PR vV
9 g the figure below for more details. 161, 18 RS
Vinerms) g
23[,\3 100%
184
Sag time delay 161 20, 200, ms
level 500, 5000
92 |-
ol . : = t [ms]
20 200 500 5000
Reference output | Clamping current. This protection is triggered when the 42 A
current instantaneous value of the input current overpasses this level.
Power derating Pout k
limit low k] 1300 w
Power derating 3.3
limit high (Poqwax) 3300 W
Power derating 13 155 v
voltage limit low
Power derating . . »VinRVS)
voltage limit high 155 180 180 v
Figure 15 and Figure 16 on page 20 show how to configure critical and non-critical protections.
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Protection Calibration | Controller | Timings Protection | Calibration Controller  Timings

[ Vout ] r Current ] [ Temperature J (vin m : Current ] [ Temperature J

Under Voltage Settings Under Voltage Settings
Input Under-Voltage Voltage margin for Qutput
Lockout ON 80 vims Under-Voltage 15 v
Input Under-Voltage Over Voltage Settings
Lockout OFF 90 Vims g g
. Output Over-
Over Voltage Settings 450 v

\oltage

Input Over-Voltage 370 v

Protection | Calibration | Controller | Timings | Frotection Calibration | Controller | Timings

(Vin ) (Vout ) (Temperature (vin ) (Vout ) (current }

Input Current Temperature Settings
Average Input Over- 55 Aok Over-Temperature 90 °oc (D
Current P
Input Over-Current
Level 3.2 v
Output Current
Output Over-Current 15 A
Figure 15: Using the GUI to Set Critical Protections
Parameters
< [ Global m >
Reference Output Settings Other Settings
S;fgge:ca Output 0 V (0 Hysteresis Mode Low Threshold 1] v ®
Ref [o! . ; @
Csrferilncg utput 42 A Hysteresis Mode High Threshold 0 v ®
Protection | Calibration | Controller | Timings
Voltage Loop : Current Loop J [ Duty Feedforward ]
Controller Settings High Frequency Pole Settings Power Derating
Proportional Gain 0 Kp SE“!Q :requency 0 Hz Power Limit Low 1300 w
Integral Gain 0 Ki Power Limit High 3300 w
Derivative Gain 0 Kd Voltage Limit Low 165 '
Voltage Limit High 180 \
Figure 16: Using the GUI to Set Non-Critical Protections
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4.3. Modulation

A PFC totem pole is a full-bridge topology that uses different switching modulations for each half-bridge
branch. The modulation of the first branch depends on the ACM control scheme. The modulation of the
second branch and the switch configuration depend on the input voltage polarity. The transition between
these two configurations is responsible for high-current spikes (see Figure 17). To solve this issue, the
controller combines an off time for all switches and initiates a soft start when switching operation resumes.

ton torr
oo
A
+
) t -1
_ c\w =S
D
O
C) Positive Semi-Period Equivalent Circuit
ton torr
oo
C
= AVMa T2 S
Q
+
B
e O
B) Negative Input Voltage Semi-Period D) Negative Semi-Period Equivalent Circuit
Figure 17: Totem-Pole Switch Configurations
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Table 14: Totem-Pole Modulation Settings

Parameter Description Value Units
. Sets an off time to prevent shoot-through if the switches turn on too
Dead time : . 160 ns
early during a high-frequency leg.
Sets an off-time period for all switches before a zero-crossing
condition. Also sets the soft-start duration for the high-frequency half-
bridge branch.
Vin Off-time I:] Soft-start
Zero _cross—oﬁ E -t 100 us
time i
B .
A Z t
Z Z
g z
Z
Z Z
C Z % .
Synchronous Sets the current level at which the power switches in the slow half-
rectifier enabled | bridge branch turn on and off. 3.5 A
(SR_ON) v, A Minimum Off Time
||L| ST Tsign=1 T Tr TRl Sign=0 .- ; 3'
v -t
Synchronous A | {en ON SR OFF | |
rectifier i P = —
. B| ! [ Z
disabled : - Z oy 3.2 A
(SR_OFF) A isron sRoFF, |  SR_ON>SR_OFF
Z
° Z -

Figure 18 shows how to set totem-pole modulation settings via the GUI.

Half-Bridge Synchronous Rectifier
Half-Bridge Settings Current Level Settings
Zero-Crossing Offtime 100 pus @ Eﬁggg%ﬂ:ii Té:tiﬂer 3.5 A @
Synchronous Rectifier 3.2 A®

Disable Threshold
Figure 18: Using the GUI to set Totem-Pole Modulation Settings

4.4. Current Loop

The current loop is the fastest and innermost loop in the dual control loop scheme. The current loop is
responsible for tracking the inductor current, generating a sinusoidal shape in phase with the input
vol tage, and showing the resistive behavior of
a stable control loop with excellent dynamic performance. Therefore, selecting the right parameters for
the current loop is vital to obtaining high power factors and low harmonic distortion.

RD00013 Rev. 1.01
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The design of the current loop is based on the stability criteria from the linear control theory. First analyze
the open loop transfer function (see Figure 19).

IL*

Hci(s) = Gpwm »{ Hid(s)

IL N

Hipr(s) |- Gaca |-

Figure 19: Current Loop
Table 15 lists the elements from Figure 19.

Table 15: Current Loop Parameters

Symbol Parameter Description
Consider the gain of the sensor stage, the ADC, and the internal
Gacao Acquisition gain | calibration. The gain compensation in this controller simplifies the entire
design because Gacq can be setto 1.
Defined by the ratio between the selected switching frequency and the
o ] internal timer clock, calculated with the following equation:
Gorwwm Digital PWM gain T cpl
D5y = fe—I———:
ttRx, . call
Duty to inductor | Simplified boost transfer function, calculated with the following equation:
Hio (S) current transfer < olfO élLih: ¢
. | L 5a l"v— Saran
function Road
~ M gOA = s
Hver (S) Low-pass filter It ar ib Mz cof FALUSN) Odziz ¥ 7%
Har (s) PI controller (pole- Y _éb VDI 7 ﬁ"
¢ zero compensation) T LA TAA Ty

T, can be calculated with Equation (33):

¢ all; @& Dsy:5l158 Dyl @ (33)

To accurately track the current shape, it is recommended to use a large bandwidth (BW) (about 10% of
the switching frequency) since this results in a fast transient response. However, this leads to a tradeoff
since large bandwidths also increase the presence of high-frequency noise.

To prevent instability due to the presence of noise during current acquisition, a first-order low-pass filter
is added. Carefully select the cutoff frequency because it reduces both BW and the phase margin (PM).
A duty feed-forward (DFF) with an adjustable gain is included to improve the resistive behavior of the
PFC input impedance. Table 16 shows the selected control parameters for the current loop based on the
control stability analysis and dynamic performance tests.
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Table 16: Current Loop Parameters

Symbol Parameter Value
Kpi Proportional gain 45
Kii Integral gain 2000

¥ pin High-frequency pole (Hz) used as an input current filter 3000
DFF Duty feedforward gain (estimated output duty cycle) 0.86

Figure 20 shows a bode diagram of a discretized current open-loop transfer function (Ti(s)), and the
effects of the low-pass filter cutoff frequency.
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Figure 20: Current Open-Loop Bode Diagram and Effects of the Inductor Current Filter

Figure 21 shows how to set the current loop parameters using the GUI.

Protection | Calibration | Controller | Timings Protection | Calibration Controller Timings
( Voltage Loop Duty Feedforward \| ( Voltage Loop ] [ Current Loop J Duty Feedforward
Controller Settings Duty Feedforward Settings

Proportional Gain 45 Kp Gain 0.86 DFF

Integral Gain 2000 Ki

High Frequency Pole Settings

High Frequency 3000 Hz
Pole 1

Figure 21: Using the GUI to Set the Current Loop Parameters
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4.5. Voltage Loop

The voltage loop is the outer loop that sets the reference for the current loop (see Figure 22). The voltage
loop must be slow enough to prevent adding distortions to the current loop, but it must be fast enough to
have good dynamic performance, with a BW between 5Hz and 10Hz.

*
Vout
Hey(S) —{ GpLL > Hy(S)|—+—
Vout N
A Ty(s)
\ S
Hyorcu(S)j Gacq [ g
Figure 22: Voltage Loop
Table 17: Voltage Loop Description
Symbol Parameter Description
Gacq Acquisition gain Gacq = 1 due to the calibration gain compensation.
~ .'. iL b H
GruL Input voltage feedforward t [ B AW D ([ r—
Fbywal b
Inductor current to voltage < ptht @ & Ut Wt ¢ J—’H: ¢
Hvi (s) transfer function I ar L6 & Oty ¢ & W1 b = W Eth o
&b u M
HnorcH (S) Notch filter lphe,d r'éﬁﬂ—z F vr
a H
_gt‘ﬁb M
L m
« *tn LM YL +
Hev (S) Type |l compensator I, ial’I — —a—z .t }{'YL I J,MI"—
a Zbwm Vs
t m
Tv can be estimated with Equation (34):
¢, all, .4 D (lg@ D /ylpne/d (34)
The reference for the voltage loop is defined by the reference output voltage parameter. Three values
set the Vourr ange. Il n nor mal operati on, the output volta

Under light-load conditions, the controller operates in burst mode, and the two threshold levels specify
the Vour range in this mode (see Table 18).

Table 18: Output Voltage Regulation

Parameter Description Value Unit
Reference output voltage |Sets the output voltage for the PFC. 400 \%
Hysteresis low threshold | Sets the output voltage range under light-load conditions| 400 \
Hysteresis high threshold | when the controller operates in burst mode. 425 Vv

Table 19 shows the selected control parameters for the voltage loop based on the control stability analysis
and dynamic performance tests

RDO00013 Rev. 1.01 MonolithicPower.com 25
5/12/2022 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2022 MPS. All Rights Reserved.



®

MPF32010 Reference Design
3kW TOTEM-POLE PFC

Table 19: Voltage Loop Parameters

Symbol Parameter Value
Kpv Proportional gain 40
Kiv Integral gain 2000
¥ pPvi High frequency pole (Hz) 350
Figure 23 shows the bode diagram of the discretized Ty (s).
| |
100 5 ceamme -k:\.(s).._.. I
1L |
| . e |
~ . M.
v 5o hd h|
© 1 Pl
% ] \\\\\ HV/S) Ll :
%’ E \‘ h "._ !
= 0 ; o (1 AUl
: AN 1
10° io* 107 10° 10* 10°
: \ .
-100 g :
4 I
§ oo N :
a N AN IPM =45.160 |
N1 |
% -140 |
S |
o |
-160 '
|
\\\\ I
-180 T
1 10t 107 10° 10* 10°

Frequency (Hz)
Figure 23: Bode Diagram for Ty

Figure 24 shows how to set the voltage loop parameters with the GUI.

Parameters

< (sional ) (LD >

Reference Output Settings Other Settings

Reference Output - -~

Voltage 400 V (O Hysteresis Mode Low Threshold 400 v ®

Reference Output 42 A Hysteresis Mode High Threshald 425 v ®

Current
Protection | Calibration Controller | Timings
Voltage Loop ("current Loop J [ Duty Feedforward W
Controller Settings High Frequency Pole Settings Power Derating
Proportional Gain 40 Kp EEQ WFrequency 350 Hz Power Limit Low 1300 W
Integral Gain 2000 Ki Power Limit High 3300 w
Derivative Gain ] Kd Voltage Limit Low 155 \

Voltage Limit High 180 v

Figure 24: Using the GUI to Set the Voltage Loop Parameters
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4.6. Additional Settings

Table 20 shows a brief description of the additional parameters used in this evaluation kit. For a more
detailed description, refer to the related datasheet.

Table 20: Additional Controller Settings

MPF32010 Reference Design
3kW TOTEM-POLE PFC

Parameter |Description Value Units
: Frequency of the input voltage. This value is used as a reference for the
Grid frequency integrated PLL for grid synchronization. 50 Hz
Start delay | The start delay is used during the pre-charge phase when the evaluation kit| 1000 ms
is connected to an AC power supply. The soft-start duration sets the voltage
ramp during the start-up according to the selected output voltage.
Soft-start VOUT‘ _____ ,W ______ ' Normal operation i
. 1 4000 ms
duration / i
//: : —_
Pre-Charge [_] Soft-Start
When the temperature exceeds 60°C, the device operates at 100% duty
cycle. The graph below shows the duty cycle when the temperature is below
60°C.
Duty [%] A
Minimum fan 100 !
duty cycle ! 20 %
(FAND) :
]
FAND | RRREEE
1
> |LRus) (A
0
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Figure 25 shows how to set the additional parameters using the GUI.

Parameters
Mode Settings Communication Settings Other Settings
- Send DataBase to . - Switching
Master Enable Slave Disable Frequency 65 kHz
_ - Send DataBase to . -
Stand-Alone Enable Flash Disable
Direction Forward v Periodic Update Disable -
Autozero Enable v (0 CAN Baudrate 1000 -
Autoreset Disable v UART Baudrate 115200 -
Input Over- s - Period for Data
Current Disable Transmission 1000 ms
FAN Grid
FAN Settings Grid Settings
FAN Enable A1 O] Grid Frequency 50 Hz
FAN Duty Cycle 20 @
Figure 25: Using the GUI to Set Controller Settings
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5. Test Results

5.1. Efficiency and Power Factor (PF)
Figure 26 and Figure 27 show the efficiency under different conditions.

99.00

98.00

97.00

96.00

—230Vac
—115Vac

95.00

Eff [%]

94.00

Pour [kW]

3.0

Figure 26: Standalone Efficiency (115Vac and 230Vac)

99.20

99.00

98.80
98.60
98.40
98.20

98.00
97.80
97.60
97.40
97.20
97.00

Eff [%]

Stand alone
—— External Vaux

———No EMC

No snubbers

96.80
96.60
96.40
96.20

\\

0.2 0.6 1.0 1.4 1.8 2.2 2.6
Pour [kW]

3.0

Figure 27: Efficiency (230Vac)
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Figure 28 shows the efficiency with a 115Vac. under different conditions.

MPF32010 Reference Design

3kW TOTEM-POLE PFC

Eff [%]
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Figure 29 shows the power factor obtained for different output power levels.
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Figure 28: Efficiency (115Vac)
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Figure 29: Power Factor
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5.2. Total Harmonic Distortion (THD)

The following charts were obtained at nominal conditions.

250

2.00

150

lac [A]

1.00

(nominal conditions)

m Class A Harmonic Limit

m IAC Hamonic Current

0.50

3

‘l ‘I II || [ P
5 7 9 11 13 15 1

-
7 19 21 23 5 27 29
Harmaonic#

Figure 30: IEC 61000-3-2

5.3. Steady State Waveform

Current THD [%]

Pour [KW]

Figure 31: THD

Figure 32 and Figure 33 show when the totem pole is connected to a power supply. Figure 34 and Figure
35 show when the totem pole is connected to the grid. In all instances, CH1 is Vin, CH2 is I, and CH3

and Vour.

Figure 34: Nominal Conditions (Power Grid)

Figure 35: Half-Load (Power Grid)
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Current spikes at the zero crossing can be seen when the converter is connected to the grid, though they

are kept very |l ow due to the PWM strategy. The <casc
resistors, but snubbers also play a part in keeping the drain-to-source voltage transition smooth. This,
combined with the SMD decoupling capacitors, keeps the overshoot low (434V). Figure 36 shows the
rising dVv/dt, where CH2 is I. and CH3 is Vps_is.
Figure 36: Rising dV/dt

Figure 37 shows the cascode waveforms, where CH2 is I, CH3 is Vps s, and CH4 is Vs Ls.

Figure 37: Cascode Waveforms
Under nominal |l oads, the transient speedb6lV/ ¢the( Mmdomn

rising and falling speeds, respectively). The MP18831 half-bridge driver can withstand these values with
a sufficiently wide margin (CMTIun= 100k V/ € s) .  T-huites fordsolatad eanveritess due @ |
its isolation between primary and secondary (1.5kVpc functional isolation). The MP18831 also provides
overlap protection and configurable dead time control.

While efficiency could be improved with a faster dV/dt, this would negatively impact EMC. This means
that there is a trade-off between efficiency and EMC.

The gate-to-source voltage waveform is very clean due to the 4-lead package, which has a dedicated
source for control. This improves the system robustness because it makes it difficult for noise to reach
the voltage threshold.
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Figure 38 shows the conduction of the slow Si-MOSFET in orange, where CH2 is I, CH3 is Vps_s, and
CH4 is Vgs ts. The inductor current is compared to the threshold values to enable and disable the
MOSFET (SR_ON and SR_OFF registers). Without a hysteresis in the threshold (i.e. the same values
were used for SR_ON and SR_OFF), the protection would be triggered many times in same semi-period.
Note that this waveform uses a 2GHz oscilloscope BW and 500MHz voltage probe BW.

Figure 38: SR

5.4. Start-Up

When the input is connected, there is an inrush current to charge the bus capacitors. This current is
limited by the NTC to avoid trigging circuit breakers. Figure 39 shows the NTC resistance value (Rntc =
319Vv/10.7A, or about 30q) dur i ng@CHBIs¥ourjandQH4ibl. cur rent

i \

Figure 39: Inrush Current
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Figure 40 shows start-up without a load, where CH1 is Vi, CH2 is I, and CH3 is Vour. Start-up takes
about 2.4s.

425V 425V 18,

Figure 40: Start-Up Without Load
A soft-start ramp can be calculated with Equation (35)

na

{27F ﬂQL@!NﬂquPﬁﬁnHmioMﬁi P—T

M
nnn+—

3 (35)

The drivers are disabled when the output voltage reaches 425Vpc, then enabled again at 400Vpc. These
two values can be changed in the VHYSTH and VHYSTL registers. Refer to the related datasheet for
more details.

5.5. Load Transients

A full |l oad step is applied under nominal <condition
an excellent response and steady state within four grid periods. Figure 41 shows the no-load to full-load

step, while Figure 42 shows the full-load to no-load step. For both figures, CH1 and Vi, CH2 is I, CH3

and Vour, and CH4 is lour.

100 V/div
0 dlv
DC 1MD

=

Figure 41: No-Load to Full-Load Step Figure 42: Full-Load to No-Load Step

The output voltage rises up to 425V when the output current goes to zero. Note that the output current
ripple is due to the electronic load dynamics.

Figure 43 on page 35 shows what happens when the load demands 0.5A instead of OA, where CH1 is
VN, CH2is I, CH3is Vour, and CH4 is louT.
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Figure 43: Light-Load Behavior

The output voltage has hysteretic behaviour when light loads are applied, but this behaviour only occurs
for a short period of time.

5.6. Line Transients (Voltage Dips/Sags)

The IEC 61000-4-11 standard specifies voltage dips/sags, short interruptions, and voltage variation
immunity tests. The first two tests are mandatory, but the last test is optional. The tests carried out for

this reference design cover voltage sags, which have the most stringent requirements.

As stated in IEC 61000-4-11:2020, voltage sags occur due to faults in a network or in installations caused

by large, sudden load changes.

Considering that U+ is the rated voltage for the equipment, Table 21 shows the test levels and the duration

of the voltage dips used to

Changes

t est

t he

systemds

response

i n

sags at 10s intervals.

Ut (%) 0 0 40 70 80
# cycles 1 % 10 25 250
the supply voltage were

. Thare was xtatal abthrée a t

to

Table 21: Recommended Test Levels and Durations for Voltage Dips (Class 3 and 50Hz)

ne

Generally, the 80% voltage sag test is most likely to be passed, as the converter has to work under those
conditions in a steady state. Figure 44 on page 36 shows this, where CH1 is V\y, CH2 is I, and CH3 is

Vour. The results from Figure 44 indicates normal operation within the specified limits.
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Figure 44: 80% Test During 5s Interval

The 70% voltage sag test can trigger the output power derating function if the input voltage is too low
(161Vrums). To mitigate this issue, derating was delayed to withstand sags. Figure 45 shows the results
from the 70% test, where CH1 is Vin, CH2 is I, and CH3 is Vour. The results from Figure 45 indicate
normal operation within the specified limits.

Figure 45: 70% Test During 500ms Interval
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The 40% voltage sag test is the most difficult test to pass. If the device does not provide a protection
under this scenario, the current through the transistors rises too high, which can result in transistor
breakdown. The MPF320106 HREF register allows the totem pole to use this reference to clamp the input
current and protect the transistors. The default threshold value for this protection is 42A. If the value is
overpassed, the average current value is clamped at 42A. This value is not a constant, and can be
modified using the GUI.

Figure 46 shows the result of the 40% voltage sag test, where CH1 is Vin, CH2 is I, and CH3 is Vour.
The output voltage drops since the load does not receive a sufficient current. The isolated DC/DC
converter that is connected after the AC/DC converter should be able to work at this voltage level. The
results from Figure 46 indicate a lower performance until the voltage stops sagging. Then the DUT
recovers to normal operation without intervention.

2021-03-31
1:07
Sa/l

""" : Rl It L, S L Ll L 100 v/div
‘ 0 div

oy
,,,,,,,,,,, Pl ‘ {2 DC 1M0

—
—

10 a/div

Figure 46: 40% Test During 200ms Interval
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Figure 47 shows what happens when the grid power disappears and power loss lasts for an entire cycle,
where CH1 is Vin, CH2 is I, and CH3 is Vour. The results from Figure 47 indicate indicate a lower
performance until grid power returns. Then the DUT recovers to normal operation without intervention.
Please note that this test has been run with half the nominal load, due to the fact that the output capacitor
(see Section 3.1) was selected was selected based on the output voltage ripple, which means the
converter can only withstand a voltage sag of one half-cycle at full load.

2021-03-31
07:49:25

Chl &
100 ¥/div
0 div

0 div

0 div

Figure 47: 0% Grid Power During 1 Cycle

Figure 48 shows what happens when the power grid disappears for only half a cycle, where CH1 is Vi,
CH2 is I, and CH3 is Vour. The results from Figure 48 indicate indicate a lower performance until grid
power returns. Then the DUT recovers to normal operation without intervention.

2021-03-31
7

10 Afdiv
0 div

0A
DC 1MO

=
100 V/div
0 div

oV
DC 1MQ

Figure 48: 0% Grid Power During Half of a Cycle
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5.7. Overload and Power Derating

The converter delivers 3kW at nhominal conditions, but it can deliver up to 3.35kW. When this limit is
reached, the control clamps the output power by decreasing the output voltage. If the output voltage
drops below the input voltage, an inrush current flows into the electrolytic capacitors and triggers an
external circuit breaker (optional, can be added by the user). To avoid this scenario, output under-voltage
protection (UVP) triggers an alarm that stops the converter. However, since the source-to-load current
path in a boost converter is always connected, an external circuit breaker at the output is required to stop
the current from flowing. A connector (J13) can be used to trigger this protection (not isolated from power).

The output voltage is constantly compared to the input voltage (with an added 15V margin that can be
modified via the DOUV register). If this limit is reached, output UVP is triggered, and the converter enters
a halt. Figure 49 shows what happens when the output current rises from 6.5A to 9A for about 2 seconds,
where CH1 is Vi, CH2 is I, CH3 is Vour, and CH4 is lout. During this period, the output voltage is reduced
to approximately 370V.

T &

! ! Horizontal
L " " S s

15 A

[ijiiin T T T T T
} T i T
i
if| ekl
A
o
i
-3 Al
I
I & Al
i
-a Al
Ui,

- A2 A m oo bl i
15 8 2 A5 -1s -500 ms

=
;
(]
e >

500 ms 1z 152 N 255

0 div

0 div

6.54

Figure 49: Overload Conditions
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This output power limit drops if the input voltage drops (power derating). Figure 50 shows what happens
during power derating, where CH1 is Vin, CH2 is I, and CH3 is Vour.

i

i
*‘WWWWWN WMMM " WHMHH T

Auto
A
0V
Chil
‘ 100 v/div

0div

oY
‘ H a8

‘ W ﬁ\M\WMNM

———| 76 v\

Figure 50: Power Derating

This protection is not enabled until 5 seconds after the condition is met. This is done to enable voltage
sags without switching off the converter. There are four registers to tune this protection: PLIMH, PLIML,
VLIMH and VLIML (3350w, 1300W, 180V and 155V are the default values, respectively). Refer to the
related datasheet for more information.

5.8. Hot Switch On

A 56q resistive | oad should be connected to the out
switches on, the coil current waveform begins to change. Figure 51 shows the typical waveforms of a

rectifier bridge. Figure 52 offers a close-up view of what happens to these waveforms when the PFC is

switched on. For both figures, CH1 is Vin, CH2 is I, CH3 is Vour, and CH4 is lour.

S !
f —

: fm ? '

TR R il orizonta
Ro I " T e |
o | I
i | l e
rigger
5 i 1110} |
o1 &
i 0 div
DC Mg
- / '-.‘ /
1 4 A/div ’ \
0 div / \
\
DL / i)
i |
100 V/dv
0dlv { i
DC 1M52
24/ \\
0 div N
DC 1M
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Figure 51: Hot Switch On Figure 52: Zoom On Switch On
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Then the coil current waveform becomes a sinusoidal wave that is in phase with input voltage. Figure 53
shows the zoom on soft start. Figure 54 shows the zoom on steady state. For both figures, CH1 is Vi,
CH2is ||_, CH3is VOUT. and CH4 is lourT.
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Figure 53: Zoom On Soft Start Figure 54: Zoom On Steady State

5.9. Conducted Emissions (EMC)
Standard CISPR 32:2015+AMD1 (Class A).
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Figure 55: Line
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Figure 56: Neutral
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5.10. Thermal Performance

There is a hot spot |l ocated on the SiC devices.

thermal performance was tested under nominal conditions at room temperature (about 23°C). Note that
the fan was spinning at maximum speed.

Figure 57: Hot Spot
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6. Start-Up

6.1. Board Requirements
The overall reference board requires five boards total, listed below (see Figure 58).

1. EVF32010-18831-01A (main board)

a b owbwn

MPF32010 CTRL BOARD v01
BUCK-LV-00A

BUCK-HV-00A
COMM-BOARD-01A

Figure 58: Totem-Pole Converter
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6.2. Board Connection
1. Ensure that all daughter boards are connected (see Figure 59).

2. Connect the power cables. It is recommended to connect the circuit breaker to the input.

Figure 59: Front View
3. Connect the communications cables (optional) (see Figure 60).
« U = B

Figure 60: Lateral View
6.3. Board Start-Up
1. Apply 230Vac to the input.

2. Slide SW1 to the on position. The output should reach 400V after a few seconds. The device should
work in burst mode since there is no load. The Power OK LED (DL1) should be on.

3. Increase the load current.

6.4. Board Shutdown
1. Decrease the load current down to OA.

2. Slide SW1 to the off position.
3. Remove the input voltage.
4. Discharge the bulk capacitors with the load.

Note that the evaluation board is for evaluation purposes only, and is not intended to be a finished
product.
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7. Schematics
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Figure 62: Main Board Schematic 2/3 (EVF32010-18831-01A)
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Figure 63: Main Board Schematic 3/3 (EVF32010-18831-01A)

Figure 64: Control Board Schematic 1/3 (MPF32010)
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