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1. Introduction

This design guide describes the design overview of each circuit block of the 3kW power supply for servers
and telecoms with surface-mounted SiC MOSFET (hereafter referred to as “this design”).

In recent years, data centers have become increasingly large and dense. As a result, server power supplies are
required to deliver higher efficiency, higher power output, and more compact form factors, making high power
density essential. This design accepts an AC input voltage range of 180 to 264V and outputs DC 50V through a
semi-bridgeless PFC (Power Factor Correction) circuit and a Phase Shift Full Bridge (PSFB) circuit. The maximum
output power is 3kW when using an AC 200V input. It includes an output ORing circuit that enables redundant
operation, as well as an internal auxiliary power supply circuit required for powering internal control circuits. By
separating the power devices from the main board, the footprint per output is reduced, contributing to a more
compact power supply. In addition to server applications, this design can be applied to telecom systems and
other applications that utilize 48V.

This design uses the SiC MOSFET TW092V65C and the SiC Schottky Barrier Diode TRS12V65H in the semi-
bridgeless PFC circuit. The PSFB circuit uses the SiC MOSFET TW027U65C with integrated Schottky Barrier Diode
on the primary full-bridge side, and the power MOSFET TPW2900ENH on the secondary synchronous
rectification side. For isolated gate signal transmission from the secondary-side controller, the digital isolator
DCL540C01 is used. The output ORing circuit uses the power MOSFET TPM1R908QM. By integrating these
advanced Toshiba devices, this design achieves high efficiency equivalent to 80PLUS Platinum level (Vin = 230V,
Pout = 3kW) in a compact form factor.

Note:
80 PLUS is an efficiency certification standard for computer power supply units, including those used in servers.
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2. Main Components

This chapter describes the main components used in this design.

2.1. SiC MOSFET TW092V65C

This design uses the 650V SiC MOSFET (TW092V65C) as the switching device of the PFC circuit. The main
features of the TW092V65C are as follows:

® Chip design of 3rd generation (Built-in SiC schottky barrier diode)
® | ow diode forward voltage: Vosr = -1.35V (Typ.)
® High voltage: Vbss = 650V
® | ow drain-source on-resistance: Roson) = 92mQ (Typ.)
® Less susceptible to malfunction due to high threshold voltage: Vin = 3.0 to 5.0V
(Vps = 10V, Ip = 0.6mA)
® Recommended gate - source drive voltage: Ves_on = 18V, Vas_off = OV
® Enhancement mode

Appearance and Terminal Layout
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Fig. 2.1 Appearance and Terminal Layout of TW092V65C
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2.2. SiC MOSFET TW027U65C

This design uses the 650V SiC MOSFET (TW027U65C) as the primary-side switching device of the PSFB Circuit.
The main features of the TW027U65C are as follows:

® Chip design of 3rd generation (Built-in SiC schottky barrier diode)
® | ow diode forward voltage: Vosr = -1.35V (Typ.)
® High voltage: Vbss = 650V
® | ow drain-source on-resistance: Roson) = 27mQ (Typ.)
® | ess susceptible to malfunction due to high threshold voltage: Vih = 3.0 to 5.0V
(Vos = 10V, Ip = 3mA)
® Recommended gate - source drive voltage: Vas_on = 18V, Vas_off = OV
® Enhancement mode

Appearance and Terminal Layout
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Fig. 2.2 Appearance and Terminal Layout of TW027U65C
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2.3. Power MOSFET TPW2900ENH

This design uses the Power MOSFET (TPW2900ENH) as the secondary-side rectifiers of the PSFB Circuit. The
main features of the TPW2900ENH are as follows:

® High-speed switching

® Small gate switch charge: Qsw = 8.2nC (Typ.)

® Low drain-source on-resistance: Roson) = 24mQ (Typ.) (Ves = 10V)
® | ow leakage current: Ipss = T0pA (Max.) (Vbs = 200V)

® Enhancement mode: Vin = 2.0 to 4.0V (Vbs = 10V, Ip = 1.0mA)

Appearance and Terminal Layout
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Fig. 2.3 Appearance and Terminal Layout of TPW2900ENH
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2.4. Power MOSFET TPM1R908QM

This design uses the Power MOSFET (TPM1R908QM) as the switching device of the output ORing Circuit. The
main features of the TPM1R908QM are as follows:

® High-speed switching

® Small gate switch charge: Qsw = 35nC (Typ.)

® Small output charge: Qoss = 111nC (Typ.)

® Low drain-source on-resistance: Roson) = 1.5mQ (Typ.) (Ves = 10V)
® Low leakage current: Ipss = 10pA (Max.) (Vbs = 80V)

® Enhancement mode: Vih = 2.5 to 3.5V (Vbs = 10V, Ip = 1.2mA)

Appearance and Terminal Layout
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Fig. 2.4 Appearance and Terminal Layout of TPM1R908QM
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2.5. SiC Schottky Barrier Diode TRS12V65H

This design uses the SiC Schottky Barrier Diode (TRS12V65H) as the switching device of the PFC Circuit. The
main features of the TRS12V65H are as follows:

® Chip design of 3rd generation

® Low forward voltage: Vi = 1.2V (Typ.)

® |Low total capacitive charge: Qc = 33nC (Typ.)
® Low reverse current: [r = 2.4pA (Typ.)

Appearance and Terminal Layout
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Fig. 2.5 Appearance and Terminal Layout of TRS12V65H
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2.6. Digital Isolator DCL540C01

This design uses the 4-channel digital isolator DCL540C01 for signal transmission between the primary-side

and secondary-side sides of the PSFB circuit.
The main features of the DCL540C01 are as follows:

® Data rate: Up to 150Mbps
® Supply voltage: 2.25V to 5.5V
® Temperature Range: -40°C to 110°C
® Propagation Delay: 10.9ns (Typ.) (5.0V operation)
® Default Output: High and Low Options
® CMTI: 100kV/us (Min.)
® Withstand Voltage: 5kVrms
® Safety-Related Certification
UL :UL1577, File No. E519997

cUL : CSA Component Acceptance Service Notice No. 5A, File No. E519997
VDE : DIN EN IEC 60747-17 (VDE V 0884-17) Certificate No.40055132
CQC : GB 4943.1-2022 Certificate No. CQC22001345018

Appearance and Block Diagram

Package Dimension
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Fig. 2.6 Appearance and Block Diagram of DCL540C01
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3. Circuit design

This section describes the points of circuit design of this design.

3.1. AC line circuit design
This section describes the AC line design of this design. The AC line circuit of this design is shown in Fig. 3.1.
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Fig. 3.1 AC Line Circuit

Fuse

A fuse (F1) is installed to shut off the AC line when abnormal current flows through the AC line. Select a fuse
from the maximum current value of the AC line. The effective value of the maximum AC line input current is
calculated by the following formula.

Maximum AC line input current = maximum power/power supply efficiency/power factor/input phase
voltage RMS value (min)

This design is specified to deliver 3kW output when the input is AC 200V. If the power efficiency of the PFC
stage remains constant regardless of input voltage, the maximum AC line input current would be the same.
However, in general, the efficiency of the PFC stage tends to decrease at lower input voltages. Therefore, when
calculating the maximum AC line input current, the minimum input voltage of 180V is used.

Assuming maximum output power of 3kW, power efficiency of 90%, and power factor of 1, input phase
voltage (minimum RMS) of 180V, the maximum AC line input current is approximately 18.5A. This design uses
a 30A fuse, considering margin. When selecting a fuse, in addition to the above maximum current, it is necessary
to consider the inrush current at AC power-on and whether the fuse complies with relevant safety standards.

Varistor

A ceramic varistor (RV1) is implemented to protect the system when surge voltage, such as that caused by
lightning induction, is applied to the AC line. The varistor is selected based on the voltage level of the AC line
used. This design has a maximum input voltage of 264V RMS and 373V peak. Considering margin for these
voltages, a varistor with a voltage rating of 560V (maximum allowable circuit voltage: AC 350V, DC 460V) is used.
When selecting a varistor, in addition to voltage ratings, surge current capability and energy tolerance must
also be considered. Since the failure mode of varistors is often short-circuit, it is recommended to implement a
fuse on the AC input side upstream of the varistor.
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X Capacitor Discharge Circuit

To prevent electric shock when the AC input is disconnected, it is necessary to quickly discharge the charge
stored in the X capacitors3" (C1, C6, C9). This power supply implements the HF81 (IC1) as the discharge IC for
the X capacitors. While AC power is supplied, this IC disables the discharge path, contributing to system power
savings. When AC power is lost, the circuit composed of this IC and its external resistors (R1, R2) discharges the
stored charge in the X capacitors so that the voltage drops to 37% or less of its initial value within 1 second, in
accordance with IEC62368. This power supply includes approximately 3uF of X capacitors and therefore
implements two 75kQ resistors as external components to discharge this capacitance. Note that if the X
capacitors are changed for noise suppression or other reasons, the resistance values connected to this IC may
also need to be adjusted. For cost reduction, it is possible to replace this IC with discharge resistors. However,
in that case, continuous power loss due to the discharge resistors will occur while AC is connected, so it is
necessary to confirm whether the system’s power-saving requirements are still met.

EMI Suppression Components

For common-mode noise suppression, Y capacitors3" (C2, C3, C4, C5, C7, C8) and common-mode chokes
(L1, L2) are implemented. For differential-mode noise suppression, X capacitors (C1, C6, C9) are used. Noise
levels are affected by PCB layout and enclosure design. Modify, remove, or add the above components as
necessary. Note that increasing the capacitance of Y capacitors may lead to higher leakage current. Therefore,
it is necessary to confirm whether the system still complies with the required safety standards.

Note: (*3-1)

X capacitors are connected between the lines of the power supply and act to short high-frequency signals
between the lines, thereby reducing noise.

Y capacitors are connected between the power lines and the reference ground, and serve to prevent noise from
flowing toward the power lines.

Inrush Current Suppression Components

To suppress inrush current when AC power is applied, fuse-integrated resistors (R3, R4) and a relay (RY1) are
implemented. When the power supply is started following the correct procedure, the relay circuit remains off
when AC power-on, and current flows through the fuse-integrated resistors (33Q + 33Q)), allowing inrush current
to be suppressed. The relay circuit is designed to turn on after AC power is applied, driven by the internal
primary-side 18V power supply. Once the relay is turned on, current flows through the lower-resistance relay
path, reducing power loss during operation. It is necessary to confirm that the conditions and timing for turning
the relay on and off meet the system’s specification requirements.
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3.2. PFC circuit design
3.2.1. Semi-Bridgeless PFC Circuit

Before describing the power supply circuit of this design, an overview of the semi-bridgeless PFC circuit
operation is provided. In general power supply circuits, AC input is rectified and then passed through a
smoothing capacitor to generate DC output. The AC input current flows only during the period when the input
voltage exceeds the voltage across the smoothing capacitor and therefore does not form a sinusoidal waveform.
A PFC circuit shapes the input current to resemble a sine wave, eliminating the phase difference between input
voltage and current, and improving the power factor toward unity. The bridgeless PFC circuit integrates the
bridge diode section and PFC functionality to reduce losses associated with full-wave rectification of AC input.

Fig. 3.2 shows the basic circuit configuration of the bridgeless PFC and the current paths for each half-cycle
of the AC input. During the positive half-cycle of the AC input on the La side, Qa performs switching operation,
and Da acts as the output diode for PFC operation. In this period, Qv operates in synchronous rectification mode
throughout the half-cycle to perform rectification of the AC input. Conversely, during the negative half-cycle,
Qv and Dc perform switching operation, while Qa operates in synchronous rectification mode.

h ) . Q, ON

— 22
: s — - o N—

L Om 7 | L E i

L [N L ’r
@ Vout Ly . Vout
N e - N = -

i Q - C Q, — e C
* JE% 1ng Jmg
Q

Q, ON/OFF || Po

o Q
| Qy OFF i Dy ON/OFF |

(a) Positive half cycle (a) Negative half cycle

Fig. 3.2 Bridgeless PFC Circuit

Fig. 3.3 shows an example of the semi-bridgeless PFC circuit implemented in this design. This configuration
adds diodes to the AC input side of the bridgeless PFC circuit described above. Through two diodes (Daa, Dbb),
the PFC output ground is connected to the input line, resulting in the input line voltage being referenced to
ground rather than floating. Therefore, the input voltage of the PFC circuit becomes a ground-referenced sine
wave. As a result, noise issues commonly associated with the bridgeless PFC circuit are suppressed.

Dcc and Ddd are inrush diodes used to peak-charge capacitor C during initial startup. After the capacitor is
charged and the converter begins operation, these diodes no longer contribute to the circuit’s behavior.

DCC‘- Ddd DC
i S
L T —
@ Ly Vout
N Y —
M Qe ¢
DaaZS ?SD Q, '_n:,
% ON/OFF
Fig. 3.3 Semi-bridgeless PFC Circuit
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3.2.2. This design’s PFC Circuit

This design adopts a semi-bridgeless PFC circuit configuration using the UCC28070A (IC51), a controller
manufactured by Texas Instruments (hereafter referred to as the PFC controller). The following section describes
the basic design considerations for the semi-bridgeless PFC circuit used in this design. For detailed information

regarding the circuitry around the

documentation.

controller, please refer to the UCC28070A datasheet and related
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Fig.3.4 PFC Circuit1 (PFC Controller)
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Output Voltage Setting

The output voltage of the PFC circuit, Veec_out, can be set using external resistors R70, R71, R72, R73, and R74.
The output voltage is controlled by comparing the sensed voltage at the output terminal, VSENSE—divided by
the above resistors—with the internal reference voltage (3.0V) of the PFC controller. The output voltage setting
value can be calculated using the following formula.

v _ 3.0x(R70+R71+R72+R73+R74)
outpre = (R73+R74)

When changing the output voltage of the PFC circuit, it is also necessary to adjust the resistor values used for
AC line voltage sensing: R53, R54, R55, R56, and R57. The initial output voltage setting of the PFC circuit is
approximately 391V, based on the following resistor values:

R73 = 1.2kQ, R74 = 22kQ), and R70 = R71 = R72 = TMQ. Adjust the above resistor values as needed to set the
desired output voltage.

Switching Frequency
The switching frequency of the PFC circuit, frwwm, can be set by the external resistor R63 connected to the RT
pin of the PFC controller.

7500

frwm(kHz) = R63 (k1)

The initial setting of the switching frequency is 100kHz, with R63 = 75kQ. Adjust the value of R63 as needed
to set the desired switching frequency.

Soft Start
The soft start time of the PFC circuit can be set by the external capacitor C59 connected to the SS pin of the
PFC controller.

2.25(V)
10(pA)

Tss(s) = C59 X

The initial setting for the soft-start time is C59 (Css) = 1uF, which corresponds to approximately 225ms.
Change the capacitance value of C59 as needed to set the desired soft-start duration. It is necessary to confirm
that the current limiter does not operate during the soft-start period and that the output voltage recovers to
the normal range at the restart after the hold-up period.

Current Limiter

The current limiter of the PFC circuit in Fig. 3.5 can be set by the current transformers (T601, T602), the current
sense resistors (R602, R610), and the threshold setting resistors (R65, R66) connected to VREF of the PFC
controller (Fig. 3.4). The detected values are input to CSA and CSB of the PFC controller, and when the current
reaches the threshold, the PFC controller disables the gate drive signals (GDA, GDB) input to INA and INB of the
gate driver UCC27524AD. The current limit level I_limit is calculated by the following formula.

L Pprc our X V5 Al .
I_limit = = — | X
_limi (efficiency,n(%) X Ve + > margin

(The power factor is assumed to be 1.)

The initial setting for the current limit level is 41.04A when Vinac = 180V, Prrc_out = 3333W, efficiency n = 90%,
Al = 10.2A (calculated by the following formula), and margin = 1.2. Change the above values as needed to set
the desired current value.
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Fig.3.5 PFC Circuit2 (Power MOSFET)
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Bridge Diode

Since this design employs a semi-bridgeless PFC circuit configuration, the diodes between pins 2 and 1, and
between pins 3 and 1 of the bridge diode D55 (Fig. 3.6) contribute only to the rectification operation during
power-up and do not contribute to subsequent operation. This bridge diode (D55) can also be replaced with a
half-bridge diode and a surface-mount type diode. When using a surface-mount type diode, it is necessary to
select a product with ratings that can support the inrush current.

151
M PFC_OUT
oss . 100 uH
C51-C53 1010 pF
Gs1B2580 cs2 H
3 2 Cs51 o+ =& == 53
4 L52
D51 D52 ps3 100 pH —_— C54
W W crGoaT W7 D54 200 pF
RE4 | krcos CREM4 = - 1
L L VIN_B PN FG
N_A
AC_VIN PFC_VIN

Fig.3.6 PFC Circuit3 (Bridge Diode and Inductor)

Output Capacitor

The capacitance value of the output capacitors (C51, C52, C53) is calculated based on the hold-up time
requirement. The hold-up time Thold is determined by the output capacitor capacitance Cout (C51, C52, C53),
the output voltage Vrrc_our, the lower limit of the output voltage Vmin, and the maximum output power Pout.
Since the output voltage Verc_out is maintained at the minimum operating voltage Vmin for the hold-up time

Thold, the output power Pout is supplied from the output capacitor Cout during this period, and the following
formula applies.

2 2 _
E X Cout X VPFC_OUT - E Cout X Vmin = Lout X Thold

©2025 .. _ 15 / 26 2025-9-26
Toshiba Electronic Devices & Storage Corporation Rev.1




TOSHIBA

RD244-DGUIDE-01

(VPFCOUT2 - lenz)
2X Py

Thota = Cour X

The initial setting is Cout = 3030uF, Verc_out = 391V, Vmin = 280V 32, and Pout = 3kW, resulting in a hold-up
time of 37.6ms. Adjust the output capacitor value as needed to satisfy the hold-up time required by the system.
If an output ripple specification is required, calculate the capacitance necessary to meet the ripple specification
and compare it with the capacitance required to satisfy the hold-up time. Use the larger value. In selecting
capacitors, tolerance and aging effects must also be taken into consideration.

Note: (*3-2)
This power supply includes a dedicated input monitoring circuit for the DC-DC section. The protection activation
voltage is 280V.

Inductor

The selection of the PFC inductors (L51, L52) shown in Fig. 3.6 is based on setting the ripple current Al to 35%
of the peak AC line input current (ACin_peak). Given the input voltage Vinac, PFC output voltage Verc_ourt, switching
frequency F, and PFC conversion efficiency n, the inductance value can be calculated using the following formula.

Pprcoyy X V2 3333 X2

Voo xn - 180x09 2!

ACinpeak =

Al = ACinyeq X 35 % = 10.2

In this design, Perc_out = 3333W, Vinac = 180V, and efficiency n = 90%. The inductance value is determined by
the maximum voltage applied during the on-time of the PFC switching device (MOSFETs), the on-time (switching
time T x on-duty), and the current variation Al, and can be expressed using the following formula.

dt TxD
L:VXE:\/EXVL'TLACXT

Here, T can be expressed using the switching frequency F of the MOSFETs as shown in the following formula.

T =~
F

The duty of the PFC circuit can be expressed using the following formula.

_ Vercoyr — V2 X Vinac

D

By substituting the formulas for T and D into the formula for the inductor L, the following formula is obtained.

(Verc_our = Vinac)
Verc our X AI X F

L =V2 X Ve %

In this design, with Vinac = 180V, Vercour = 391V, F = 100kHz, and Al = 10.2A, the calculated inductance is
87.1pH. Therefore, a 100pH inductor is used.
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3.3. Phase-Shift Full-Bridge (PSFB) Circuit Design
3.3.1. PSFB Circuit

Fig. 3.7 shows the block diagram of the PSFB circuit. The primary side of the transformer (Transformer) is
configured as a full-bridge circuit. Qan and QsL are switched with a duty ratio of 50% and a phase difference of
180 degrees, respectively. QcH and QoL operate in the same manner. The basic operation involves switching Qan
and QsL on and off, followed by switching Qc1 and QoL with a certain phase delay. The amount of phase shift
determines the overlap between diagonally positioned switches—Qan and QoL QsL and QcH—and thus the
amount of energy transferred to the secondary side. The output voltage is expressed using the following formula.
In general, the legs of Qan and Qs are referred to as the “leading legs,” while those of Qcx and Qou are called
the “lagging legs.”

The PSFB circuit can handle high power levels because switching losses are significantly reduced by the Zero
Volt Switching (ZVS) operation of the switching devices.
n

Vo =—Via
out n] m

Vout: Output voltage[V], Vin: Input voltage[V]

n1: Number of primary-side transformer windings

n2: Number of secondary-side transformer windings

o: Phase shift ratio T1 / (T1 + T2)

T1: Simultaneous on-time of Qan and Qot, T2: Simultaneous on-time of QsL and Qot

© QaH Qo:HJjs
[ N
5 |¢"2 Tvout
vio | L § a T o)
— 3|5
Qe QD;‘_ Transformer
] I %
|—
O
Fig.3.7 PSFB Circuit
Tl T2
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. —
Switching BL I S NI SR . S
ulse —
P Qe
QpL
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Fig.3.8 PSFB Waveform
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3.3.2. This design’s PSFB Circuit

In this design, a 50V output is generated following the semi-bridgeless PFC circuit. High efficiency is achieved
by using the Texas Instruments controller UCC28950 (IC251, hereafter referred to as the PSFB controller), which
enables ZVS operation over a wide load range. The following section describes the basic design parameters of
the PSFB circuit in this design. For detailed design information around the controller, refer to the UCC28950
datasheet and related documentation. For the detailed specifications of this design, please refer to the reference

guide.
= Tl
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Fig.3.9 PSFB Circuit1 (Controller)

Output Voltage Setting

The output voltage Vour of the PSFB circuit can be set using the external resistors R266, R267, R279, R280,
R281, R282, and R283 shown in Fig. 3.9. The setting value is calculated using the following formula, based on
these resistors and the internal reference voltage (VREF = 5.0V) of the PSFB controller UCC28950.

VREF(V) x R267 x (R279 + R280 + R280 + R282 + R283)
(R266 + R267) x (R282 + R283)

Vout V) =

The initial setting for the output voltage of the PSFB circuit is configured with R266 = 2.2kQ), R267 = 2.2kQ,
R279 = 6.8kQ, R280 = 22kQ), R281 = 22kQ), R282 = 2.2kQ), and R283 = 470Q), resulting in Vour = 50V. Adjust
the above resistor values as needed to set the desired output voltage.

Switching Frequency

The switching frequency fewm of the PSFB circuit can be set using the external resistors R258 and R259
connected between the RT and VREF terminals of the IC. The switching frequency is calculated using the
following formula.

25x% 10°

(R258(k!2) + R259(kD) | 7)
VREF(V) — 25

frwmu(kHz) =

In this formula, the unit of RT is kQ, VREF is in volts, and fepwwm is in kHz. This formula is an empirical
approximation, and the units are not dimensionally consistent. The initial setting for the switching frequency is

R258 + R259 = 45kQ), which results in approximately 130kHz. Adjust the resistor values as needed to set the
desired frequency.
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Soft Start

The soft-start time of the PSFB circuit can be set using the external capacitor C251 connected between the
SS/EN terminal and ground, along with the internal charging current of 25uA (Typ.). The setting value can be
calculated using the following formula. In this formula, 0.55V is the voltage at the SS/EN terminal, and VNI is
the voltage at the EA+ terminal.

€251 x (VNI + 0.55)

Tss(s) = 25(uA)
VREF(V) x R267
~c2s1 x( EOIA RS +0.55)
B 25(ud)

With R266 and R267 set to 2.2kQ and VREF at 5V, the initial soft-start time is configured with C251 = 2.2F,
resulting in approximately 268ms. Adjust the capacitance value of C251 as needed to set the desired soft-start
duration. It is necessary to confirm that the current limiter does not operate during the soft-start period.

Gate Drive Circuit

The design of the gate drive circuit shown in Fig. 3.10 affects both power supply efficiency and EMI noise. In
general, there is a trade-off between efficiency and EMI noise, so a balanced design approach is required.
Although ZVS is implemented in the PSFB circuit, if a hard-switching region exists and is identified as the source
of EMI noise, it is recommended to increase the gate series resistors (R705, R706, R708, R709) of the
corresponding MOSFETs (Q701, Q702) and verify the results.

Similar to the gate drive circuit of the PFC stage, the PSFB gate drive circuit allows independent adjustment of
turn-on and turn-off speeds. Therefore, if the issue can be addressed by adjusting only one of them, it may help
reduce the impact on overall power supply efficiency.
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Fig.3.10 PSFB Circuit2 (Primary-side MOSFET)

Current Limiter

The current limiter of the PSFB circuit can be set using the current transformer (T101) shown in Fig. 3.11, the
current sense resistors (R274 // R275 // R276) connected between the CS terminal of the PSFB controller and
GND in Fig. 3.9, and the current limit threshold (2V). When the voltage generated by the current flowing through
the CS terminal and the sense resistors reaches the threshold, the PSFB controller regulates the primary-side
MOSFETs to prevent abnormal current from flowing to the secondary side. The current limit level is calculated
using the following formula.
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2.0
(R274//R275//R276) X transfomer turns ratio

[_limit =

The initial setting for the current limiter is R274 // R275 // R276 = 11Q, and with a transformer turns ratio of
100:1, the current limit level is set to 18.2A. Adjust the above values as needed to set the desired current level.

1l
Primary E Secondary
H

1:100
‘ (=3

D14 155352
E R251

1.2 kQ

10 Ti01 ‘

2
300 kQ

PFC_OUT
R101
300 kQ

PN D101 LD

CMFOLA
CONNDO3

VDO L101
- Y
VEW

COMNOO2

— D
VEW
PN

D102

I~
1

CMFO1A

L

— PN

Fig.3.11 PSFB Circuit3 (Current Limit Circuit)

Transformers
The secondary-side circuit of the PSFB is shown in Fig. 3.12. The synchronous rectifier circuit on the secondary
side consists of two parallel circuits using transformers Teses1 and Tesrs2.

When the on-duty of the synchronous rectifier side in steady-state operation is set to 85%, and the output
voltage is 50V, a square waveform of approximately 60V is required on the secondary side. Since the PFC output
voltage in this design is 391V, the turns ratio of the primary and secondary windings of the transformers (Tesrs1,
Tesrs2) is selected as 16:3:3 (center-tapped configuration). This results in a square waveform of approximately
58.65V on the secondary side. In addition, insulation voltage between primary and secondary, winding
temperature rise, magnetic flux saturation, and core loss must be carefully considered.

This design also utilizes a resonant coil (L101) in addition to the transformer’s leakage inductance to achieve
ZVS. If resonance is insufficient, ZVS may not be realized, potentially leading to reduced power efficiency and
increased EMI noise. Therefore, when replacing the transformer, it is necessary to verify that ZVS is achieved
across a wide load range and adjust the resonant coil accordingly.

©2025 .. _ 20 / 26 2025-9-26
Toshiba Electronic Devices & Storage Corporation Rev.1



TOSHIBA

RD244-DGUIDE-01

Primary side Secondary side

DI57_p g EHHOL
2 Trsrat =T

[— ie:33 0
N Disa NENH_L
=1

1

i}
3

-

5}
j 7 Q151-Q156 TPW200DENH
. S678 5678 78 S678 5678 5678
11T T1

GATE DRIVER
1151 Il 11T 11T ]

[YyYy
a2 |
in
©
I
R159
—1
T
77 kit

T cunsissio  10a TTLI

S o Disipy RIS _ z 8 3
OUTE 5] ] il B B B
] — 7 I E I = = B 4 < =
H aute 9 IR K‘l — EO.J Bl i = s M
Voce B Enn s D152 w153 & . CUHS15530
:12.' R151 | ENB  OUTE T JoUmsissa0 3@ 5zt HEN G G auss we BEE I512] |BEE
i in K
] Uce27524a0 D53 D155 RiSE 30
H . CUHS15530 g =
\ & 2 TBATS4 o = = E
3 I g o156 -l |2 - o 2
1 N HIE ES & 2e L[] Lsd
! = . & TEATSH NC “ =) ZLE T 5
H > e Fo ik il S
1 T30 aF
: D207 g g CHHOL
1 I o
o cMHo1| -
2 < D208 po | 2 RN
&
D L201
3 1
2000
] 9 | 9.5uH
<
5 } b 8
I_ B Q201-Q206 TPW230DENH
5 J — p—— | 78 678 5678 5678 5678 5678
3 T A T L HH

Cuksissso 109 TT1
.......... 1 1c2at R202

T 2 D201
ouTF -—

VCC 12v ouTe INB 7 [ =
; s K

EHA R203
ENB  OUTE

1

]

! ; | |
! s D202 3

! - cuHsiss30 30 oe 10

1 R201 B HAE |EIEIIA |EHE R205 102 HEE 1511 HEE
i — oo oo |—H—|:|—|

] 12 Fl_—

H <~—{—1

1

1

1

]

)

1

=
201

I m C510-C511
! == NOT MOUNT

o oz02
=
& 0301
H-E—E
2
I
b
£ Q204
TEE_E
&
205
=
S a0
g
El

UCC27524AD

3 D205 R206 30
203 CUHSI5530 o
8 TBATS4 o z
I} i} g D208 NRE
- x e i
] e 2

TRATSA He

1000

33008 r o
LGND —l— RS01-RS503 HOT MOUNT

01

[TEREEI EEUTTE

|y
NOT MOLNT

;:I “ I-EH
501 330 pF

]
10 pFlEz01]

R20B
100 ki
204

L.

0T MOUNT

R210

Fig.3.12 PSFB Circuit4 (Secondary-side MOSFETs)

Output Capacitor

The output capacitors are determined based on the output voltage ripple range required by the system. The
output voltage ripple Vripple is @ composite waveform generated by the ripple current Al caused by switching,
and the voltages generated by the ESR, capacitance (Cap), and ESL of the output capacitors.
Assuming the switching voltage applied to the center tap is Vsw, the output voltage is Vout, and the switching
frequency is F (Fig. 3.12), the voltages generated by ESR, Cap, and ESL can be calculated using the following
formulas.

Viipplepsg = Al X ESR
v _ Al
ripPlecap = g5 Coue X F X 2
Vew X ESL
Viipplegs, = L

_ (Vsw = Vour) X Vour X 2(phases)

Al
Vow X F X2 XL

therefore, with Vsw = 58.65V, Vout = 50V, F = 130kHz, and L = 9.5uH, the ripple current Al is calculated to be
5.97A.
Most of the output ripple voltage generated by each element is attributed to Vripple_esr.

The ESR of the capacitors used (C501-C503, EKZN630ELL331MJ25S) is 37mQ, and since three capacitors are
used in parallel, the effective ESR becomes 12.3mQ. The Vripple_esr can be calculated using the following formulas.
Vyipplegsg = M X ESR = 5.97 x 12.3m = 73.4mV

To satisfy the ripple voltage requirements of the system, it is necessary to adjust the capacitance of the output
capacitors. Additionally, it must be confirmed that the undershoot and overshoot occurring at the output during
sudden load changes are within the specified voltage range, and that the allowable ripple current of the output
capacitors is ensured.
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3.4. Communication Between Primary-side and Secondary-side in PSFB

As shown in Fig. 3.13, a 4-channel digital isolator DCL540C01 is used for signal transmission between the
primary and secondary sides of the PSFB circuit. The MOSFETs drive signals for the primary-side full-bridge
circuit, output from the PSFB controller located on the secondary side, are transmitted through the DCL540C01.

Whereas a photocoupler integrates a light emitting diode (LED) and a light-receiving element in the same
package, electrically isolating them with a light-transmitting resin and transmitting signals by turning the LED
on and off, a digital isolator integrates a modulation chip and a demodulation chip with an insulating layer in
the same package and transmits signals via magnetic or electric fields (magnetic coupling).

The DCL540C01 adopts our proprietary magnetically coupled isolation transmission method, achieving a high
CMTI 32 of 100kV/us (Min.), which contributes to stable equipment operation by making it less susceptible to
malfunction due to noise. In addition, it achieves a low pulse width distortion of 3.0ns (Max.) and a high-speed
transmission rate of 150Mbps (Max.), making it suitable for high-speed communication applications.

Note: (*3-3)

Common-mode (CM) noise is a type of noise that is superimposed on both the signal and ground lines,
causing current to flow in the same direction. Digital isolators are used to transmit signals while electrically
isolating circuits that are driven by independent power supplies; however, even in such cases, common-mode
noise can occur if the potential of one side fluctuates. When this common-mode noise causes the displacement
current flowing through the coupling capacitance between the primary (input side) and secondary (output side)
inside a standard digital isolator to reach a certain level, it can result in malfunction of the digital isolator and,
ultimately, the system.

Therefore, the tolerance to such common-mode noise is important for stable system operation. CMTI
represents the ability to withstand high slew-rate transient voltages that occur between grounds. The higher
the CMTI, the greater the noise immunity, making the device more suitable for applications requiring isolation.
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Fig.3.13 Digital Isolator (DCL540C01)
3.5. ORing Circuit Design

This design implements an ORing circuit on the 50V output to support N+1 redundant operation
requirements. The ORing circuit consists of a Texas Instruments controller, LM74700-Q1 (IC501), and on/off
MOSFETs (Q501-Q504, Q506, Q507). When the output of this design is connected in parallel with other power
supplies and the output voltage of this design is higher than that of the other power supplies, the ORing
controller turns on the on/off MOSFETSs to supply current to the output. Conversely, if the output voltage of this
design is lower than that of the other power supplies, the ORing controller turns off the on/off MOSFETs to
prevent reverse current from flowing from the other power supplies into this design.

For detailed design of the ORing circuit in this design, please refer to the Texas Instruments LM74700-Q1
datasheet and related documents. The type and quantity of on/off MOSFETs must be selected so that the
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voltage drop and power loss due to on-resistance remain within the system’s allowable range when the

maximum load (60A) is applied. In this design, six TPMTR908QM devices are implemented.
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21 |
3
4 Ic
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21
3
4 I
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211
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4 I
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21
IC501 3
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p— 211
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Fig.3.14 ORing Circuit
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3.6. Auxiliary Power Supply

As shown in Fig. 3.15, the auxiliary power supply circuit is implemented in this design. This design is equipped
with an auxiliary power supply to provide the necessary power for each controller and MOSFET driver IC,
allowing operation with only AC input.

The auxiliary power supply adopts a discontinuous current mode (DCM) flyback configuration using the Texas
Instruments controller UCC28711, and, in combination with regulator ICs, generates 18V and 5V for the primary
side, and 12V and 5V for the secondary-side.

This section describes the transformer design for the auxiliary power supply circuit. For detailed circuit design,
please refer to the UCC28711 datasheet and related documents.
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Auxiliary Power Supply Circuit Design

The maximum primary-to-secondary turns ratio, Nes (Max.), can be determined by the target maximum
switching frequency at full load, the minimum input capacitor bulk voltage, and the estimated DCM resonance
time. First, based on the target switching frequency and DCM resonance time, the maximum available total duty
cycle, Dmax, for the on-time and secondary conduction time is determined.

Dwmax is calculated using the maximum oscillation frequency, fuax, of the auxiliary power controller and the
DCM resonance time, tr (assumed to be 1/500 kHz here), according to the following equation.

Once Dwax is known, the maximum turns ratio between the primary and secondary windings can be
determined by the following equation. Dmaccc is defined as the secondary diode conduction duty cycle during
constant current (CC) operation and is internally set to 0.425 by the auxiliary power controller. The total voltage
of the secondary winding is the sum of the converter output voltage Vocv, the secondary rectifier voltage Vr,
and the cable compensation voltage (Vocac).

tr

DMAX = 7 —_ (2 X fMAX) - DMAGCC = 7 —_ (7“5 X 700kHZ) - 0425 - 0475

DMAX X VBulk(min)

Nps =
(max) Duyacce X (Vocv + Ve(pas1-453) + VOCBC)
0.475 x 110V

= 0425 x (12v+068y) - >’

Vocac is the cable compensation voltage, but it is omitted in the calculation.

Here, if the number of turns of the primary winding, Np, is set to 36 turns, the number of turns of the secondary
winding, Ns can be calculated using the following formula.

No 36

N5>N—PS:;7—

3.7

Therefore, in this design, the number of turns of the secondary winding, Ns is set to 5 turns.

The transformer turns ratio between the secondary winding and the auxiliary winding (Nas) is determined by
the shutdown voltage Vbopfi) of the auxiliary power controller and the minimum operating voltage Vocc of the
PSFB controller.

_ Vop(orp) + Veawaoz) (8.5 + 0.68)

Nas = = =1.34
AS VOCC + VF(D457-453) 6 75 + 077

The number of turns of the auxiliary winding, Naux can be calculated using the following formula.
NAUX = NAS X NS = 734 X 5 = 67

Therefore, in this design, the number of turns of the auxiliary winding, Nau, is set to 8 turns.
The primary-side control voltage is generated as 18V via LDO (1C402) from the output of the auxiliary winding
with the increased number of turns.
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This terms of use is made between Toshiba Electronic Devices and Storage Corporation (“We") and Customer who downloads or
uses this Reference Design. Customer shall comply with this terms of use. This Reference Design means all documents and data
in order to design electronics applications on which our semiconductor device is embedded.

Section 1. Restrictions on usage

1. This Reference Design is provided solely as reference data for designing electronics applications. Customer shall not use this
Reference Design for any other purpose, including without limitation, verification of reliability.

2. Customer shall not use this Reference Design for sale, lease or other transfer.

3. Customer shall not use this Reference Design for evaluation in high or low temperature, high humidity, or high
electromagnetic environments.

4. This Reference Design shall not be used for or incorporated into any product or system whose manufacture, use, or sale is
prohibited under any applicable laws or regulations.

Section 2. Limitations

1. We reserve the right to make changes to this Reference Design without notice.

2. This Reference Design should be treated as a reference only. WE ARE NOT RESPONSIBLE FOR ANY INCORRECT OR
INCOMPLETE DATA AND INFORMATION.

3. Semiconductor devices can malfunction or fail. When designing electronics applications by referring to this Reference Design,
Customer is responsible for complying with safety standards and for providing adequate designs and safeguards for their
hardware, software and systems which minimize risk and avoid situations in which a malfunction or failure of semiconductor
devices could cause loss of human life, bodily injury or damage to property, including data loss or corruption. Customer must
also refer to and comply with the latest versions of all relevant our information, including without limitation, specifications, data
sheets and application notes for semiconductor devices, as well as the precautions and conditions set forth in the
"Semiconductor Reliability Handbook".

4. Designing electronics applications by referring to this Reference Design, Customer must evaluate the whole system
sufficiently. Customer is solely responsible for applying this Reference Design to Customer's own product design or applications.
WE ASSUME NO LIABILITY FOR CUSTOMER'S PRODUCT DESIGN OR APPLICATIONS.

5. WE SHALL NOT BE RESPONSIBLE FOR ANY INFRINGEMENT OF PATENTS OR ANY OTHER INTELLECTUAL PROPERTY RIGHTS OF
THIRD PARTIES THAT MAY RESULT FROM THE USE OF THIS REFERENCE DESIGN. NO LICENSE TO ANY INTELLECTUAL PROPERTY
RIGHT IS GRANTED BY THIS TERMS OF USE, WHETHER EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE.

6. THIS REFERENCE DESIGN IS PROVIDED "AS IS". WE (a) ASSUME NO LIABILITY WHATSOEVER, INCLUDING WITHOUT
LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING WITHOUT LIMITATION,
LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (b) DISCLAIM ANY AND ALL
EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO THIS REFERENCE DESIGN, INCLUDING WITHOUT
LIMITATION, WARRANTIES OR CONDITIONS OF FUNCTION AND WORKING, WARRANTIES OF MERCHANTABILITY, FITNESS FOR
A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Section 3. Terms and Termination

It is assumed that Customer agrees to any and all this terms of use if Customer downloads or uses this Reference Design. We
may, at its sole and exclusive discretion, change, alter, modify, add, and/or remove any part of this terms of use at any time
without any prior notice. We may terminate this terms of use at any time and without any cause. Upon termination of this terms
of use, Customer shall eliminate this Reference Design. Furthermore, upon our request, Customer shall submit to us a written
confirmation to prove elimination of this Reference Design.

Section 4. Export Control

Customer shall not use or otherwise make available this Reference Design for any military purposes, including without limitation,
for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology
products (mass destruction weapons). This Reference Design may be controlled under the applicable export laws and regulations
including, without limitation, the Japanese Foreign Exchange and Foreign Trade Act and the U.S. Export Administration
Regulations. Export and re-export of this Reference Design is strictly prohibited except in compliance with all applicable export
laws and regulations.

Section 5. Governing Laws
This terms of use shall be governed and construed by laws of Japan, without reference to conflict of law principle.

Section 6. Jurisdiction
Unless otherwise specified, Tokyo District Court in Tokyo, Japan shall be exclusively the court of first jurisdiction for all disputes
under this terms of use.

©2025 .. _ 26 / 26 2025-9-26
Toshiba Electronic Devices & Storage Corporation Rev.1



