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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

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

o Harmonic Currents: IEC 61000-3-2

o Conducted EMC: CISPR 32

0 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. .
i MP Sthe MPS logo, a n dSimfile, Easy Solutionsd  aregistered Figure 1: The EVF32010-18831
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 hoard.

1.4. System Description
This converter is comprised of a main PCB and four daughter boards. Figure 2 shows a general hardware

diagram.
\{a\c_m Power Stage —’VDC_OUT

h
A

12v

5\ v
Buck

Figure 2: Hardware Diagram
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Figure 3 shows a simplified circuit of the totem pole (TP).

g3 [
IXHE

mes

MPF32010

Figure 3: 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 Si devices are used as a return path for the cur
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 losses, reverse recovery, and more. Furthermore,t hey don anegatvequi r e
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 systemdbs redusas §dand space. Bacaude the input voltage is sensed with voltage

dividers, there is no need to add comparator circuity in order to detect polarity. Instead, this is achieved

withthec o nt r pHadedockéddoop (PLL).

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

Table 1: MPS ICs

MPS Integrated Circuit | Description
MPE32010 Totem-pole controller
MP18831-4CGY Half-bridge driver
MCS1802GS-10 DC current sensor
RD00013 Rev. 1.0 MonolithicPower.com 5
10/14/2021 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 cond.
Efficiency 0.985 - - % Nominal cond.
Pout A
[kw]
Derating -
: ' '—‘VlN(RMS)
155 180
Table 3: Electrical Output Specifications
Parameter | Min | Typ | Max | Unit | Remarks
Voltage - 400 - Vbc -
. Nominal
Ripple S V' | conditions
Power - 3 3.3 | kW -
Line - |oo2| - | % .
regulation
Load o
regulation | 0.4 i % )
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+AMDL1 (Class A)
Conducted Emissions CISPR 32:2015+AMD1 (Class A)
Voltage Sag IEC 61000-4-11:2020

2.2. Mechanical Specifications

Table 1: Mechanical Specifications

Cooling

Controlled fan based on temperature and power delivery

Weight

<3.2kg

Dimensions

195mmx127.5mmx108mm

RDO00013 Rev. 1.0
10/14/2021

MonolithicPower.com
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rsmrssoses ssssoss

Figure 4: Connectors and LEDs

Table 2: 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 - Used to trigger a circuit breaker if needed (not isolated from
power)

Swi Power ON/OFF switch

Communications connector (isolated from power)
J12 - CAN: 1GND 2H 3L

-RS-485: 4B 5A 7GND

Figure 5: The EVF32010-18831

RD00013 Rev. 1.0 MonolithicPower.com 7
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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 7 shows the access addresses.

Table 3: Access Addresses

Type Page Boundary Address Registers Size Access Group
0 0x0000~0x001F 2 (uint 16) General settings
Holding 1 4 (float 32) RIW Protections
register 2 4 (float 32) Calibration
0x0000~0x000F
3 X X 4 (float 32) Controller
Input register 0 4 (mixed uint) R Information

Figure 6 shows a read request and response for holding input registers. Refer to the related datasheet
for more information.

Read r eqluees t3 2bior r egi st e Functions Code

Si ey t) e Field Read Hol ding Regix@3 er
1 | 1t @59f or br)oadc gst Read Input R{§gi Dtoer
1 FUNCTI ON
2 ADDRESS ot vasTesm AvH® Pace " apDRESp
2 QUANTI TY OF REGO=-p==R $: Master 0:Page 0x0 0 0080 OR P a gCe
4 CRC P 1:S1 ave ;g:g:}; 0x0 0 G080 O Pagds &
3:Pag3
== Number of registers t.o read in the selected
Read r es dA@mnistd 2Adirotr r egi st e — —
 —— — *t ox000000  FuncTI §N
! 1Mt a58for brioadegst ®* ox000000] ADDRE[HS] Bi-gndi an representatian f«
= FUNCT! ON 5t ox000000) AporEESY
1 BYTE COUNT TT OXOOOOOOB7QUANTI[1]|'O Thle ?Rcfecal cul at'kl_oonadiiasﬁbg‘s_te
N vALUBSE §i st 00000 CLeUNIIY el waTakn successive BB
4 CRQFUNCT LBOWT E\BAL J E — X Q [O]ro
RESULT CRG 2ol ynonokon@lID &.

Figure 6: Read Request and Response for Holding
Figure 7 shows a write request for holding. Refer to the related datasheet for more information.

Write r elifuies3tdoiftorr egi st e
Si Zbey e Field Functi ons Code
1 | @1t as55for bricadec gst Wr i te Multlplle ROglgd s tjer
1 FUNCTI ON
2 ADDRESS O] A STER AVH®S PAGE )7 ADDRE S
2 QUANTI TY OF REGI TERS
1 BYTE COUNT Number of bytes cont.ai ned in the VALUE fi e
N VALUBSB )i r st I_:11 OX EEFEEFEE ;
4 CRQf rom FUNCTI ON ) OxOOUODOﬁ7FUNCTI N
2 ox000000]" AbpREE]S®
Write redpboint8 @oiftorr egi st e *' 0x000000d] AbprE®IS’
Si they t) e Field ®' 0x00000 0] QuanT Y
1 | @it @58f or br)oadc gst ' 0x00000d] QUANT IO
1 FUNCTI ON ' ox00000d]” BYTES’ Bi-gndi an r epresentatian f
2 ADDRESS 3 ox000000d] paToy ) 5 )
31 = o The CRC cal cul at il oona diidsébgs 1
2 QUANTI TY OF REGI $§TER 0x00000d]" paTag val uldTboen successive 3BWi
4 crRafrom FUNCTION Xt d Quf’* ox0oo000d]” °| val ues are processed to
31 9
RESOLT CRG 2ol y n omokonELID H.

Figure 7: Write Request for Holding

RD00013 Rev. 1.0 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
thePFC6s out put r i ppl ethatof thagudefrequencyi(see Fiduoeu8h | e

A I:”\l
v _
N \ Pinave) = Pour
N |
0 : f T
N
VOUT 3
VouTave)

Figure 8: 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):

Pour v C 3000 _
2 foriTYouT ®ou 2°50T 400]11'5

59 mF 1)

For this reference design, fo u r 4 Gaaeitbrs were used to a total of 1.88mF. This means that the final
output voltage ripple is about 12.7V. The hold-up time (t4oLp) can be calculated with Equation (2):

CVAuTVAuTMI N vt _ 47 4 Fd & 0%3 4%
HOL D 213000

tHOLB 3. 9ms (2)

2PouT

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

_ SMﬁP%UT_P%UTYI _ 8n2izodosodo
Gms 37V WVout VAyq —=RMS 37 T230740%

7.82A 3)

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

_ DF S 0.2 _
ESRE—T——IVES Ro5ranmost 6.94M (4)

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

2 ~ .o ~
Pc=l&d rMsESRPc=7 . §20 . 16®.=36 W (5)
RD00013 Rev. 1.0 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 (6):

1 Pout 1o v — 0
= k FEUTVRIY o= 0 . EBdTp=3 . 85 A (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):

Vin M N MoutVi N MI N 1 8T 4 0-0 8UR
L = fSV\JVOU‘fQQ ?i_ 65000|400a|34_?—&8 (7)

A toroid CH610060GT core was selected for this reference design. Table 8 shows the core data for this
component. @

Table 4: Core Data
AL (nH/T?) 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):

3 7 (Heo
0.1 9a§'—t4 (8)

N
n—ALYg—

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):
Lo AT N’V Lo s 0. 1 23511 He )

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

0 ATy wax]pg, O 4 6_35“%%3109%—137 440e  (10)

MP L - 0.1437

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

1
0, m_ 0, =M
pPer HFYM 0.01+10U6372 5415L54 (11)
The biased inductance (Lgias) can be calculated with Equation (12):
ILg 1 as%P e rlpdY Ly, 550 . 7 0 5 ¢H =5 Gish (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 75 on page 57.

RD00013 Rev. 1.0 MonolithicPower.com 11
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3.3. Low-Frequency Switches

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

Figure 9 shows the relationship between T; and Rpson). With a junction temperature of about 50°C,
Roson) = 18mq is obtained using the datasheet:

0.040

/
7
0.035 ! ! ! /
T T T 7/
77
0.030
—
e
0025 T -
g
T 98% //
g 0.020 -
& - I
0.015 e
i
=
0.010
0.005 . . -
=50 -25 0 25 50 75 100 125 150
T [*C]

Figure 9: Roson) vs. Temp

Each transistor conducts for half of a grid period. The RMS current value during one cycle (Io_1r rus) can
be calculated with Equation (13):

3000
| . ¢
IQ_LF_R:I\ZLS%IVAFQ_LF_R_‘MQS%ifOZA (13)

The conduction loss (Pq LF) on one transistor can be estimated with Equation (14):

Po_ L:ﬂé_LF_FLRBS( o )Po 1 Sl1sm=6W (14)
The power loss (Piec_r) during the low-frequency branch can be calculated with Equation (15):
|PBRANCH(:L2FFT)’Q_L|¥ PeraANCHFLER .56.22 W (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 10). @The Si C deviceds |
17.1W. However, since a snubber was added in each cascode, the total losses are higher. ©
Note:

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.

RD00013 Rev. 1.0 MonolithicPower.com
10/14/2021 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
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Equivalent Circuit

Device Selection
FET HF Selection  UJ4C075018K4S

FET LF Selection  UJ4C075018K4S

Input Parameters

Power rating [VA] 3000
Load power factor 1

Line to neutral RMS voltage [V] 180
Number of high frequency legs 1
Number of low frequency legs 1
DClink voltage [V] 400

Switching frequency [Hz] 65000
Input inductor ripple current[%] 16
Number of parallel FETs in high frequency leg 1
Number of parallel FETs inlow frequency leg 1

Rdsontype  Typical

Rthjctype  Maximum

Heatsink temperature([°C] 50

High frequency leg Rthcs (isolator pad) [K/W] 0,6

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] %04

Low frequency leg FET Rdson adjusted to

temperature [ohm] %0207

Losses per high frequency leg FET and Temperature

Forward conduction [W] 1,6
Reverse conduction [W] 1,4
Turn-onswitching [W] 4,2
Turn-off switching [W] 1,3
Total W] 8,6

High frequency leg FET junction temperature [°C] 58

Losses per low frequency leg FET and Temperature

Forward conduction [W]

Reverse conduction [W]

Turn-on switching [W]

1

1

Turn-off switching [W]
Total W]

1

Low frequency leg FET junction temperature [°C]

Total Losses and Efficiency

Per high frequency leg IW] 17,1

Per low frequency leg [W] 5,8

3.5. Input Current Sense

Figure 10: High-Frequency Losses

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(setFgurelly®usi ng
c28 3.8V
GND-|| 100nF|
5V R
? 110kY
I 1
| S )
Figure 11: 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.

If R2s and Rag are set to 110kq, Rzs and Rs; can be calculated with Equation (16):

—p. —VYsH]
Ry &Rs £ TR, 4
cC

V Ry gRs £ 211 194 8 .q7 k (16)

RDO00013 Rev. 1.0
10/14/2021
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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 (|Imax|) can be estimated with Equation (17):

dvua® Vapc mA%seEnsoRA Sensi|Vdwigctdy.-B. §6. 0B85 A (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):

p=1? = Poutr 2TR—3°°° M2 . 5 mW 18
IN_ RME = dM nN_rwms _0.98I239 sl (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):

lout MAERouT wmhY%our™= 3300 /84 RGB-A (19)
The sensor can measure up to +10A, so the losses in the sensor can be calculated with Equation (20):
P=I?n rRM& PouiVour RB00008 0. B0 mW (20)

3.7. Selecting the NTC

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

E=: ch_lT 47 4R D23UB =99. 451 (21)

After calculating E, the MS15 30004 current limiter was selected (up to 135J). This device has a 3 0 q
resistance, so the maximum current (Ir_ntc) that flows through it can be calculated with Equation (22):

lp NFR 3URj30610. 8A (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 12). This threshold value can be modified via the GUI.

C26 3.3V

3.3V
GND lI = [ (1:02(ZnF R30
| II { GND.|||_| |

1.05kY

R24
U4 1KY 10

- 1 i N y us

1~ AD8605ARTZ 3 L > TEMP

33V | 21" AD8605ARTZ
NTC2 R27
P NTCALUG02A103G 1.91kY

GN

)

Figure 12: Temperature Signal Conditioning
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Figure 12 shows how a resistor (Rz7) can be placed in series with NTC2tol i near i ze NTC2
R27 can be calculated with Equation (23):
Ry # Rytc alRnac 15658241 67148.94 q 8l k (23)

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

-\ 1 Ra 7 - Sl k_
Vien_wivie b g T 3 Eae,jm._qu 8V (24)
Ry 7 _ 3§ Sk _
VI N_ Mﬂ\&ﬁé RnT C 1d’82up 3. 674. l+ql glk4 4V (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):
@/qur_3. D5 05

i A== =
Ga &\ N 2. D487

2. 04 (26)

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

Gai n24 + (27)
R2 4
Where Rz2 = 1 k cand Rso can be calculated with Equation (28):
R_3§R21 Gailre 1kl 2. @4 1. q &k 095 k (28)
The final gain from U5 can be found using Rzo and R4, calculated with Equation (29):
Gai n 24y 3 ks g5 (29)
R24 1K

The maximum output voltage (Vout max) can be calculated with Equation (30):

VCC aé\/ou'r Ve ot % NGaI 8. R+ D4 7R 0
Voutr MAZ— +—; > > 23. 26V (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 superposition principle, as calculated with Equation (31) and (32):

. R .. R .
VouTt mMaARVY N_MIA)Ga'l_SFﬁVREI}{VREEéj Vin MhSa-Ndur max (31)

18 g
005 k
The reference voltage is obtained using a resistive voltage divider. Ri7 and Rig 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.

VRE,_-R—I Vin vhiSa Vot MaE T, 2 - 441-2. B@ . 6B.V&5V (32

The temperature readings obtained from the sensing circuitry trigger over-temperature protection (which
can be configured via the OT register) and to set the f a msgirming speed. The fan spins at its maximum
speed when the NTCO semperature exceeds 60°C. Otherwise, its speed is proportional to the output
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 13 shows the
dual control loop.

-
T _
F 3

Vac v % r—@ —C

-
L
aY -
-w
_

— I— 0l

Y

(.0-:\
Vi
A
PLL
VO)ET Soft-Start Type I Limiter 1
........ . M N _
— ﬁ AN—x AN
wz wp )T VaY; 7 Wz
Vour
DFF
Notch Vour

L y—————————~
Wo!

Figure 13: 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 5: Switching Frequency and Control Period

Parameter Description Value Units
Defines the PWM switching frequency and sets the

Switching frequenc L o2 65 kHz
gireq y control algorithmd execution time (0.5 x fsw).
RD00013 Rev. 1.0 MonolithicPower.com 15
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Connect MPF32010

Device
Parameters

Mode Settings Communication Settings Other Settings

Master Enable - Send DataBase to Disable . Switching

Slave Frequency 65 kHz
Stand-Alone Enable A EEHS?] DalaBase (o Enable -

Direction Forward M Periodic Update  Disable A

Figure 14: 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 10).

Table 6: Calibration Parameters

Parameter Conditioning Gain Offset
Input line voltage Vi yBR 66497k
Input neutral voltage Gai _R—:ﬁk: 141. 42 141.42 0
Output voltage S S '
Gai ot . 40
Inductor current a'_l'-H 25mVv/ A 40 1.65
Of fset=1.65
Gai o1 7. 5758
| == =
Output current 813 zamv/A 7.5758 1.65
Of fset=1.65
Gain=1/0.0548=18. 2
<30 y = 0.0548x - 2.1064
2
Temperature © 2.0 18.248 -2.1064
©
S 10
0.0
40 60 Temp (AC) 80 100

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 15 shows how to set the calibration values using the GUI .

Protection Calibration Controller  Timings

[ Vout ] : Current ] [ Temperature J

Input Line Settings

Line Voltage Gain | 14142 | ©
Line Voltage 0
Offset

Input Neutral Settings

MNeutral Voltage

iy
Gain 141.42 0]
MNeutral Voltage 0
Offset

Protection| Calibration | Controller | Timings

(Vin | [ Vout m Temperature

Input Current

Input (Inductor)

)
Current Gain 40 ~
Input (Inductor)
Current Offset 1.65
Output Current
Output Current 7.5758
Gain :
Qutput Current 1.65

Offset

Protection Calibration Controller | Timings

(Vin m : Current ] [ Temperature J

Vout Settings

Output Voltage

Gain 141.42
Output Voltage 0
Offset

Protection Calibration

Ty
S

Controller | Timings

(Vi) (Vout ) (Garent)

Temperature Settings

Temperature
Offset -2.1064
Temperature Gain 18.248

Figure 15: Using the GUI to Set the Calibration Values

4.2. Protections

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,r e f e r

t o t hEectdcalt as he

Specifications section. Table 11 on page 17 shows the threshold values for critical protections such as
OV and UV conditions which, if passed, may stop the converterd switching operation.

RDO00013 Rev. 1.0
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Table 11: Critical Protections

Parameter Description Threshold Units
Value
Input under-voltage lockout
- L . 80 VRMs
on Minimum operation input voltage. The response of this
Input under-voltage lockout | protection may be delayed by the voltage sag protection. 90 vV
off RMS
Input over-voltage Maximum input voltage. 370 VpK
Maximum output voltage, which protects the output
Output over-voltage capacitors. 450 \Vj
Minimum output voltage to prevent diode rectification. The
Output under-voltage margin | output voltage ripple must be considered before setting this 15 \%
value.
Average input over-current Maximum average input current_ amplitude. It keeps current 55 A
at a safe level for the power switches.
Sets a value for an external comparator to fast stop the
Input over-current level switching operation if the input current overpasses the 3.2 \%
threshold (disabled by default on this kit).
Output over-current MaX|_mum output current. _The output ripple must be 15 A
considered before setting this value.
Maximum temperature measured in the NTC sensor placed o
Over-temperature on the power switches heatsink. 90 c

The Table 7 shows non-critical protections. These protections protect the converter while allowing it to

operate normally.

Table 7: Non-Critical Protections

10/14/2021

© 2021 MPS. All Rights Reserved.

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

Parameter Description Value Units
The voltage sag is defined in IEC61000-4-11 Class 3. See the
Sag voltage level | figure below for more details. 0, 9?8161’ Vams
VIN(RMS)
530 100%
184
161
Sag time delay 20, 200, ms
level 97 500, 5000
oLl ‘ . 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 Pour k
limit low (kW] 1300 w
Power derating 33
limit high (Powax) 3300 w
Power d_ergtlng 13 155 v
voltage limit low
Power derating : : -V
voltage limit high 155 180 HES) 180 v
Figure 16 and Figure 17 on page 19 show how to configure critical and non-critical protections.
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Protection Calibration  Controller  Timings Protection | Calibration | Controller | Timings

[ Vout ] : Current ] [ Temperature | (Vin m : Current ] [ Temperature |

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 '

Voltage

Input Over-Voltage 370 V'

Protection | Calibration | Controller | Timings| = Protection | Calibration | Controller | Timings

(Vin ) (Vout ) (Temperature (vin ] ((Vout } (_current )

Input Current Temperature Settings
Average Input Over- Over-Temperature 90 °oc (D
Current 55 Apk
Input Over-Current
Level 32 v
Output Current
Qutput Over-Current 15 A
Figure 16: Using the GUI to Set Critical Protections
Parameters
) cHo | >
Reference Output Settings Other Settings
\F};férgeence Output [1] V (D Hysteresis Mode Low Threshold 0 v ®
Ref Output i o
Csrferitnce TP 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 EEQ :requency 0 Hz Power Limit Low 1300 w
Integral Gain 0 Ki Power Limit High 3300 w
Derivative Gain 0 Kd Voltage Limit Low 155 vV
Voltage Limit High 180 vV
Figure 17: 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 18). To solve this issue, the
controller combines an off time for all switches and initiates a soft start when switching operation resumes.

tON AEIi ElEi tOFF A El to E
| | 1
gvm_._ 607“_._
C El C El
o 5 -
A) Positive Input Voltage Semi-Period C) Positive Semi-Period Equivalent Circuit

5"'\———

B) Negative Input Voltage Semi-Period D) Negative Semi-Period Equivalent Circuit

Figure 18: Totem-Pole Switch Configurations
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Table 8: 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:l Soft-start
Zero cross-off time -t 100 us
A Z
. t
Z Z
_ é
Z Z
Z
c Z 7
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) Minimum Off Time
Viv &
i B T e I Sign=0 _.-c-F
—— — -t
Synchronous A L isron SRLOFF | |
rectifier disabled B| | | Z 3.2 A
(SR_OFF) : — “-t
8 sron sRoOFF. | SR_ON>SR_OFF
D é -t
Figure 19 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 us @ Eﬁgtéllgqlrjﬁrg;i?gliﬂer 3.5 A @
Synchronous Rectifier =~
Disable Threshold 3.2 A Q

Figure 19: 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
voltage, and showing the resistive behavior of the converterd sput impedance. The goal is to establish
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.
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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 20).

Figure 20: Current Loop

Table 14 lists the elements from Figure 20.

Table 14: Current Loop Parameters

Symbol Parameter Description
Consider the gain of the sensor stage, the ADC, and the internal calibration. The
Gacaq Acquisition gain | 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 internal
timer clock, calculated with the following equation:
G _fsw_65kHz
DPWHM wm 6 0 MHz

Simplified boost transfer function, calculated with the following equation:

Goewv | Digital PWM gain

Duty to inductor

Hio (S) current transfer H (s Mour
function I d ( s )s L
1 .
Hier () | Low-pass filter Hepes T ¥e: filter cutoff fr
YC
P1 controller (pole- ¥po S B K
Hci (S) zero HC|S—? 'X"_+ 1, YpO'Kiai ¥, 1—K—.
compensation) z1 pi

T can be calculated with Equation (33):

Tis=Hcis GppwmHi pS GacoHiLprrs (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 15 shows the selected control parameters for the current loop based on the
control stability analysis and dynamic performance tests.
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Table 9: Current Loop Parameters

Symbol Parameter Value
Kb Proportional gain 45
Ki Integral gain 2000

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

Figure 21 shows a bode diagram of a discretized current open-loop transfer function (T(s)), and the
effects of the low-pass filter cutoff frequency.

I
100 f+- :
\ 1 i L |
o N Hip

%z \\‘\ H (T) T+l :
8 50fer 1 |

= el \‘~\ ..'~.
g) |—b(s) - '\Q:;'\' - LR S ] -.- -.. - .|I
© \\i'\ I ‘9‘|
: |
Al

10° 10 10° 10° 10 10°

-100 ¥ ~ \

T
I
I
I
= |
(o))

D120 |
(a) IPN =|45./60 W I
o I
-140 |
I
/ |
160 va |
/ |
I

-180

10° 10 10° 10° 10 10°
Frequency (Hz)

Figure 21: Current Open-Loop Bode Diagram and Effects of the Inductor Current Filter

Figure 22 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 F
Pge 1“’“”‘3"‘3” 3000 Hz
Figure 22: 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 23). 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.

*
Vour
Hey(S) = GpuL = Hy(s) -
Vour N
v (s)
\ L
Hyorcn(S)= Gaco [ g
Figure 23: Voltage Loop
Table 16: Voltage Loop Description
Symbol Parameter Description
Gaco Acquisition gain Gacq = 1 due to the calibration gain compensation.
Input voltage _ , _ Vin _ 2
G PLLGs, B i¥ts Gp g—5—=—
PLE feedforward L PETVZ L Vi
Hu () Inductor current to H Vouf s) Vi RouT = _Vaur
v voltage transfer function VIS = IL( s ) 2Voyut S Rout I °YTPoyut
241
i ¥2 1
Hnorch (S) Notch filter Hyotc$ = — Q=
SH S 41 N2
L) Q¥p
S
—+1
¥ K
Hev (S) Type Il compensator Heys =— Yé—l, YoiK v ¥z Eo’
S —*1 Kp v
P1

Tv can be estimated with Equation (34):

Ty s =Hcvs Gp_ Hyis GacoHnoTcl (34)

The reference for the voltage loop is defined by the reference output voltage parameter. Three values

set the Vour range. In normal operation, the output voltage reference sets the PFC6s out put vol
Under light-load conditions, the controller operates in burst mode, and the two threshold levels specify

the Vour range in this mode (see Table 17).

Table 10: 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 when | 400 \Y
Hysteresis high threshold | the controller operates in burst mode. 425 vV

Table 18 on page 25 shows the selected control parameters for the voltage loop based on the control
stability analysis and dynamic performance tests.
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Table 18: Voltage Loop Parameters

Symbol Parameter Value
Kpv Proportional gain 40
K Integral gain 2000

¥ pPvi High frequency pole (Hz) 350
Figure 24 shows the bode diagram of the discretized Ty (s).
| |
..'. |
100 5 === Hos) aenl i
— m’\._ mh el |
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o 50 (g T~ hb!
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§ -140 |
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Figure 24: Bode Diagram for Tv

Figure 25 shows how to set the voltage loop parameters with the GUI.

Parameters

< ["Global m >

Reference Output Settings Other Settings

Reference Output 1% 6]

Voltage 400 V (D) Hysteresis Mode Low Threshold 400 v @

Reference Output Hysteresis Mode High Threshold 425 "Xo)

Current 42 A lysteresis Mode Higl reshol @
Protection | Calibration Controller | Timings
Voltage Loop [ Current Loop j [ Duty Feedforward ]
Controller Settings High Frequency Pole Settings Power Derating
Proportional Gain 40 Kp ELQIQ ?equency 350 Hz Power Limit Low 1300 w
Integral Gain 2000 Ki Power Limit High 3300 w
Derivative Gain [} Kd Voltage Limit Low 155 v

Voltage Limit High 180 v

Figure 25: Using the GUI to Set the Voltage Loop Parameters
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4.6. Additional Settings

Table 11 shows a brief description of the additional parameters used in this evaluation kit. For a more
detailed description, refer to the related datasheet.

Table 11: Additional Controller Settings

Parameter Description Value Units
. Frequency of the input voltage. This value is used as a reference
Grid frequency for the integrated PLL for grid synchronization. 50 Hz
Start delay The start delay is used during the pre-charge phase when the 1000 ms
evaluation kit 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.
Vin 4
0
Soft-start duration Voo A 4000 ms
ouT
PPre-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.
Minimum fan duty cycle o
(FAND) 20 %
Figure 26 shows how to set the additional parameters using the GUI.
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<= (cHo
Mode Settings
Master
Stand-Alone
Direction
Autozero

Autoreset

Input Over-
Current

FAN

FAN Settings
FAN

FAN Duty Cycle
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Enable

Enable

Forward A

Enable

Disable

Disable

Enable

20 @

Figure 26

Communication Settings

Send DataBase to .

Slave Disable hd

Send DataBase to .

Flash Disable -

Periodic Update Disable -

CAN Baudrate 1000 -

UART Baudrate 115200 hd

Period for Data

Transmission 1000 ms

Grid

Grid Settings

Grid Frequency

Other Settings

Switching

Frequency 65 kHz

50 Hz

: Using the GUI to Set Controller Settings
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5. Test Results

5.1. Efficiency and Power Factor (PF)
Figure 27 and Figure 28 show the efficiency under different conditions.

99.00

98.00

97.00

96.00

—230Vac
—115Vac

95.00
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94.00

pOUT [kW]
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Figure 27: Standalone Efficiency (115Vac and 230Vac)
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Figure 28: Efficiency (230Vac)
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Figure 29 shows the efficiency with a 115Vac. under different conditions. Figure 30 shows the power
factor obtained for different output power levels.
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Figure 29: Efficiency (115Vac)
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5.2. Total Harmonic Distortion (THD)
The following charts were obtained at nominal conditions.
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Figure 31: IEC 61000-3-2 Figure 32: THD

5.3. Steady State Waveforms

Figure 33 and 34 show when the totem pole is connected to a power supply. Figure 35 and 26 show
when the totem pole is connected to the grid. In all instances, CH1 is Viy, CH2 is I, and CH3 and Vour.

Figure 8: Nominal Conditions (Power Grid) Figure 9: 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 low due to the PWM strategy. Thec ascodeds switching speed i s
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 37 shows the

rising dV/dt, where CH2 is I. and CH3 is Vps _ts.

Figure 37: Rising dV/dt
Figure 38 shows the cascode waveforms, where CH2 is I, CH3 is Vps s, and CH4 is Vgs s.

Figure 38: Cascode Waveforms

Under nominal loads, the transient speed atthemi ni mum vol t age i s3@&@lbVvwiuags 26fka/r
rising and falling speeds, respectively). The MP18831 half-bridge driver can withstand these values with

a sufficiently wide margin (CMTIun =100k V/ € s ) .  Wdllisusted dor isohatedrconvesers due to

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 tradeoff 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 39 shows the conduction of the slow Si-MOSFET in orange, where CH2 is I, CH3 is Vps s, and
CH4 is Vgs s. 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 39: 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 40 shows the NTC resistance value (Rntc =
319V/10.7A, or about 3 0 qduring the inrush current, where CH1 is Vin, CH3 is Vour, and CH4 is |,.

Figure 40: Inrush Current

Figure 41 shows start-up without a load, where CH1 is Vi, CH2 is I, and CH3 is Vour. Start-up takes
about 2.4s.
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Figure 41: Start-Up Without Load

A soft-start ramp can be calculated with Equation (35)

Soft ¥duardk n ple——= 4 2 53RV | —2=1 s (35)
! _ PKVrer 400

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 load step is applied under nominal conditionswithac ur r ent s | o p éheadnve@er th$ 2 A/ ¢ ¢
an excellent response and steady state within four grid periods. Figure 42 shows the no-load to full-load

step, while Figure 43 shows the full-load to no-load step. For both figures, CH1 and Vi, CH2 is I, CH3

and VOUT. and CH4 is louT.

A S U W R NN

|

Figure 10: No-Load to Full-Load Step Figure 11: 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 44 shows what happens when the load demands 0.5A instead of OA, where CH1 is V\y, CH2 is
||_, CH3is VOUT, and CH4 is louT.
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Figure 12: 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 12 shows the test levels and the duration
of the voltage dips used to test the systembs respo

Table 12: Recommended Test Levels and Durations for Voltage Dips (Class 3 and 50Hz)

Ut (%) 0 0 40 70 80
# cycles 1 Y 10 25 250

Changes in the supply voltage were carried outatt h e v o teto argssinys There was a total of three
sags at 10s intervals.

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 45 shows this, where CH1 is V|, CH2 is I, and CH3 is Vour. The
results from Figure 45 indicates normal operation within the specified limits.
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Figure 13: 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 46 shows the results
from the 70% test, where CH1 is Vin, CH2 is I, and CH3 is Vour. The results from Figure 45 indicates
normal operation within the specified limits.

Figure 14: 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 47 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 47 indicate a lower performance until the voltage stops sagging. Then the DUT
recovers to normal operation without intervention.

2021-03-31
07:41:07

Horizontal
33. ksa/

10 a/div
0 div
QA
DC 1MR
100 w/div
O div
oV
DC 1M52
Figure 15: 40% Test During 200ms Interval
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Figure 48 shows what happens when the grid power disappears and power loss lasts for an entire cycle,
where CH1 is Viy, 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.
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.
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Figure 16: 0% Grid Power During 1 Cycle

Figure 49 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 47 indicate indicate a lower performance until grid
power returns. Then the DUT recovers to hormal operation without intervention.
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Figure 17: 0% Grid Power During Half of a Cycle
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5.7. Overload and Power Derating

The converter delivers 3kW at nominal 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 18 shows what happens when the output current rises from 6.5A to 9A for about 2 seconds,
where CH1 is Vin, CH2is I, CH3 is Vourt, and CH4 is lout. During this period, the output voltage is reduced
to approximately 370V.
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Figure 18: Overload Conditions
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This output power limit drops if the input voltage drops (power derating). Figure 51 shows what happens
during power derating, where CH1 is V|y, CH2 is I, and CH3 is Vour.

HiHu\u\nHMﬂu\n\\hﬂu\u\\Mu\Hu\u\nH\||\H\|\Hh|\u\mHuh\\nH\||\H\|\Hh|\u\n\H||\H\|M\||\H\|MMMWW‘

"*EIZ\E
i ‘ H I H

b
m \HHHHH H\HH\H\HHHH\HHH\Hmmnm.

WW mmww

Figure 51: 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

A5 6 gesistive load should be connected to the output before the converter is turned on. When the PFC
switches on, the coil current waveform begins to change. Figure shows the typical waveforms of a
rectifier bridge. Figure 53 offers a close-up view of what happens to these waveforms when the PFC is
switched on. For both figures, CH1 is Viy, CH2 is I, CH3 is Vour, and CH4 is lour.

| e
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wumr o lwl" HHH\I(H !

4 h S ™ I

Figure 19: Hot Switch On Figure 20: 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 54
shows the zoom on soft start. Figure 55 shows the zoom on steady state. For both figures, CHL1 is Vi,

CH2 is I, CH3is Vour, and CH4 is louT.
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Figure 21: Zoom On Soft Start

5.9. Conducted Emissions (EMC)

Standard CISPR 32:2015+AMD1 (Class A).
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Figure 22: Zoom On Steady State
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5.10. Thermal Performance

There is a hot spot located on the SiC devices. Figure 58 shows the temperatures whenthe sy st e moé s
thermal performance was tested under nominal conditions at room temperature (about 23°C). Note that
the fan was spinning at maximum speed.

Figure 58: Hot Spot
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6. Start-Up
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6.1. Board Requirements
The overall reference board requires five boards total, listed below (see Figure 59).

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

arMwbd

MPF32010 CTRL BOARD v01
BUCK-LV-00A

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

Figure 259: Totem-Pole Converter
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6.2. Board Connection
1. Ensure that all daughter boards are connected (see Figure 60).

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

Figure 60: Front View

3. Connect the communications cables (optional) (see Figure 61).

Figure 61: Lateral View
6.3. Board Start-Up
1. Apply 230Vac to the input.

2. Slide SW1 to the on positionT he 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 SWL1 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 27: Main Board Schematic 2/3 (EVF32010-18831-01A)
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Figure 28: Main Board Schematic 3/3 (EVF32010-18831-01A)

Figure 29: Control Board Schematic 1/3 (MPF32010)

RDO00013 Rev. 1.0
10/14/2021

MonolithicPower.com

MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.

© 2021 MPS. All Rights Reserved.

45



