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1. Introduction

This design guide describes the design overview of each circuit block of the 300W isolated DC-DC converter
(Upgraded) (hereafter referred to as “this design”). This design is based on the existing “300W Isolated DC-DC
Converter Power Supply” released in August 2018, and achieves improved conversion efficiency through
replacement of the secondary-side switching MOSFETs with the latest generation devices and circuit
optimization.

As with the existing design, this design features a wide input voltage range of DC 36 to 75V, and can be
applied to telecom equipment where 48V distribution lines are available, industrial equipment connected to
48V batteries, and various other applications. Provided as a reference design, this design offers comprehensive
design information and helps reduce design effort when adapting to actual specifications.

This design adopts compact surface-mount power MOSFETs for both the primary-side and secondary-side
switching devices of the DC-DC converter. By also using compact surface-mount components elsewhere, and
while employing a general-purpose wound-structure transformer, this design achieves a compact footprint
(82mm x 82mm) and high efficiency (94.6%). The use of a wound-structure transformer facilitates deployment
in real-world applications and enables constructing the power circuit directly on the host equipment’'s PCB
instead of relying on external power modules.
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2. Main Components

This chapter describes the main components used in this design.

2.1. Power MOSFET TPN1200APL

This design uses the N-channel MOSFET TPN1200APL as the primary-side main switching device in the Phase
Shift Full Bridge (PSFB) circuit. The main features of the TPN1200APL are as follows:

High-speed switching

Small gate charge: Qsw = 7.5nC (Typ.)

Small output charge: Qoss = 24nC (Typ.)

Low drain-source on-resistance: Rosion) = 9.8mQ (Typ.) (Ves = 10V)
Low leakage current: Ipss = 10pA (Max) (Vbs = 100V)

Enhancement mode: Vin = 1.5 to 2.5V (Vbs = 10V, Ip = 0.3mA)

Appearance and Terminal Layout
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Fig 2.1 TPN1200APL Appearance and Terminal Layout
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2.2. Power MOSFET TPH2R70AR5

This design uses the N-channel MOSFET TPH2R70ARS5 as the secondary-side synchronous rectification device.
The main features of the TPH2R70ARS5 are as follows:

Fast reverse recovery time : trr = 52ns (Typ.)

Small reverse recovery charge : Qr = 55nC (Typ.)

Small gate charge: Qsw = 17nC (Typ.)

Low drain-source on-resistance: Rosion) = 2.3mQ (Typ.) (Ves = 10V)
Low leakage current: Ipss = 10pA (Max) (Vbs = 100V)

Enhancement mode: Vin = 2.9 to 4.3V (Vbs = 10V, Ip = 1.0mA)

Appearance and Terminal Layout
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Fig 2.2 TPH2R70AR5 Appearance and Terminal Layout
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2.3. Standard Digital Isolator DCL520C00

This design uses the standard digital isolator DCL520C00 to transmit gate-drive signals from the controller
located on the primary side to the MOSFET drive circuit on the secondary side. The main features of the
DCL520C00 are as follows:

Data rate : Up to 150Mbps

Supply voltage : 2.25V to 5.5V

Temperature Range : -40°C to 125°C

Propagation Delay :10.9ns Typical (5.0V operation)
Default Output : High and Low Options

High CMTI (Typ.) : 150kV/us

Withstand Voltage : 3.0kVrms

Appearance and Terminal Layout
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veorl L1 * G 8[Jvoo:
[ o | |
<5} 75 vii[—]2 'D_l f'D_ 7 Vo1
) = vie[]3 -| >—|: H D B Vo2
e GND:[]4 i s|——1GND2
8pin SOIC
Fig 2.3 DCL520C00 Appearance and Terminal Layout
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3. Phase Shift Full Bridge (PSFB) Circuit Design

This design generates a 12V output using a PSFB circuit. In the PSFB topology, the high-side and low-side
MOSFETs of each primary leg are alternately switched on and off at a 50% duty cycle, and the output voltage is
controlled by adjusting the phase of the on-timing between the legs. Dead time is provided at the
high-side/low-side transition to prevent shoot-through; during this interval, resonant behavior enables Zero
Volt Switching (ZVS). ZVS reduces switching losses and allows realization of a high-efficiency power supply.

In this design, a PSFB circuit is implemented using the LM5046, a Phase-Shifted Full-Bridge PWM controller
with an integrated MOSFET driver manufactured by Texas Instruments (hereafter referred to as the “PSFB PWM
controller”) to construct the PSFB circuit. The following describes the basic design items of the PSFB circuit in
this design. For detailed design around the controller, refer to the Texas Instruments LM5046 datasheet and
related documentation. For the detailed specifications of this design, refer to the reference guide
(RD249-RGUIDE-xx); for the schematic refer to RD249-SCHEMATIC-xx and for the bill of materials refer to
RD249-BOM-xx.
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Fig 3.1 PSFB Circuit (Around the Controller)
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Fig 3.2 PSFB Circuit (Around the Primary-side MOSFETs)
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Fig 3.3 PSFB Circuit (Around the Secondary-side Synchronous Réctification MOSFETs)
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3.1. Setting the Input Voltage Operating Range (Lower Limit)
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Fig 3.4 Setting the Input Voltage Range

This design sets the input voltage operating range using the resistance values of external resistors (R38, R42,
R43). The input voltage Vin is divided by resistors (R38, R42, R43) and fed to the UVLO pin of the PSFB PWM
controller, thereby setting the lower operating voltage thresholds (Vin_min_on, Vin_min_off). The PSFB PWM controller
starts switching when the UVLO pin voltage-generated by the resistor divider and the internal hysteresis current
(20pA)-exceeds 1.25V. After operation starts, the controller stops the internal hysteresis current and halts
switching when the UVLO pin falls below 1.25V. The lower operating thresholds (Vinmin_on, Vin_min_off) are
calculated by the corresponding equations.

(R38 + R42 + R43)
(R42 + R43)
(R38 + R42 + R43)
(R42 + R43)

Vin_min_on(V) = 1.25(V) x + 20(uA) X R38

Vin_min_off(v) = 1-25(V) X

In this design, Vin_min_on is set to 33.81V and Vin_min_off is set to 31.81V. As shown in Fig 3.4, resistor values are
selected as R38 = 100kQ), R42 = 2.49kQ), and R43 = 1.6kQ. The relationship between input voltage (Vin), UVLO
pin voltage, and switching operation status is shown in Fig 3.5.

UVLO Voltage :
o
A oa -
5@,:-\\,6 & -
O

1.25V

Vin_min_off  Vin_min_on Input Voltage (Vin)

Fig 3.5 Input Voltage vs. UVLO Pin Voltage and Switching Operation Status
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3.2. Setting the Input Voltage Operating Range (Upper Limit)
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Fig 3.6 Setting the Input Voltage Range

This design sets the input voltage upper limit using the resistance values of external resistors (R38, R42, R43).
The input voltage Vin is divided by resistors (R38, R42, R43) and fed to the OVP pin of the PSFB PWM controller,
thereby setting the upper operating voltage thresholds (Vin_max off, Vin_max_on). The PSFB PWM controller stops
switching when the OVP pin voltage generated by the resistor divider exceeds 1.25V. After shutdown, the
controller enables the internal hysteresis current, and switching restarts when the UVLO pin voltage exceeds
1.25V (while remaining within the OVP threshold). The upper operating thresholds (Vin_max_on, Vin_maxoff) are
calculated by the corresponding equations.

(R38 + R42 + R43)
(R43)

—20(uA) X (R38 + R42)

Vin_max_off(V) = 1.25(V) x
(R38 + R42 + R43)
(R43)

Vin_max_on V) = 1.25(V) x

In this design, Vin_max_off is set to 81.32V and Vin_max_on is set to 79.27V. As shown in Fig 3.6, resistor values are
selected as R38 = 100kQ), R42 = 2.49kQ), and R43 = 1.6kQ. The relationship between input voltage (Vin), OVP pin
voltage, and switching operation status is shown in Fig 3.7.

OVP Voltage

1.25V

Vin_max_on  Vin max of  LNput Voltage (Vin)

Fig 3.7 Input Voltage vs. OVP Pin Voltage and Switching Operation Status
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3.3. Setting the Output Voltage
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Fig 3.8 Setting the Output Voltage

This design sets the PSFB output voltage (Vout) using the resistance values of external resistors (R59, R60, R61,
R63) and a shunt regulator (IC4). The shunt regulator (TLVH431AQDBV) controls the optocoupler (DS1) current
such that the divided output voltage via resistors (R59, R60, R61, R63) matches the reference voltage (Vrer). The
PSFB PWM controller regulates Vout in response to the feedback current from the optocoupler (DS1). The output
voltage (Vout) is calculated by the corresponding equation.

Vegr (V) X (R59 + R60 + R61 + R63)
Vout (V) = R63

In this design, Vout is set to 12.09V. As shown in Fig 3.8, resistor values are selected as R59 = 49.9Q), R60 =
1.2kQ), R61 = 18kQ), and R63 = 2.2kQ. To help prevent output oscillation, a Zener diode (D28) is used to stabilize
the optocoupler (DS1) supply.
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3.4. Setting the Switching Frequency
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Fig 3.9 Setting the Switching Frequency

This design sets the PSFB PWM controller internal operation frequency (frwm) using the resistance values of
external resistors (R51, R52). The switching frequency (frwwm) is calculated by the corresponding equation.

1

fewn(H2) = e (@) + RE2() x 1 x 1010

In this design, fewm is set to 370kHz. As shown in Fig 3.9, resistor values are selected as R51 = 27kQ and R52
= 0Q. The PSFB PWM controller switches the MOSFETs of the left and right legs of the primary full bridge (Q1-
Q2 and Q3-Q4) at one-half of fpwm. The output voltage has a ripple at the fewm.
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3.5. Current Limiter
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Fig 3.10 Current Limiter

When the CS pin of the PSFB PWM controller reaches the current-limit threshold (0.75V), the controller limits
current by controlling the primary bridge MOSFETs. Fig 3.2 shows the PSFB circuit (around the input bridge
MOSFETs). The current-limit level (I_limit) is set using the current-limit threshold (0.75V), the current-sense
resistor value (R45), and the current transformer (T1) turns ratio. The current-limit level is calculated by the
corresponding equation.

0.75
(R45/R88) X (transformer turns ratio)

I _limit =

In this design, I_limit is set to 13.7A. As shown in Fig 3.10, resistor R45 = 8.2Q and current transformer T1
turns ratio = 1:200 are selected.
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3.6. Gate Drive Circuit
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Fig 3.11 Gate Drive Circuit

Gate drive circuit design affects both power efficiency and EMI. In general, efficiency and EMI are in a trade-off
relationship; a balanced design is required. While the PSFB circuit exhibits low EMI due to ZVS operation, if a
hard-switching region is suspected to be the source of EMI, increase the gate series resistor values of the
MOSFETs (Q1-Q4) (R2, R3, R5, R6, R8, R9, R11, R12) and verify EMI. Turn-on and turn-off can be adjusted
individually.

In this design, as shown in Fig 3.11, resistors are selected as follows: R2, R5, R11, R12 = 10Q; R3, R6, R9 =
4.7Q); R8 = 0Q).

3.7. Transformer

If the secondary-side synchronous rectification on-duty is set to 60% under steady-state PSFB operation and
the output voltage is 12V, approximately a 20V square wave is required on the secondary side. With a nominal
input voltage of 48V, this design selects transformer (T2) turns ratio 5:2:2:2 (center-tap method, with auxiliary
winding). This yields a 19.2V square wave on the secondary side. In addition, primary-to-secondary isolation
withstand voltage, winding temperature rise, flux saturation, core loss, etc., must be sufficiently considered.

Additionally, in this design, ZVS is achieved over a wide load range by utilizing the transformer leakage
inductance together with the inductance of an external inductor (L4).
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3.8. Output Capacitors

Set the output capacitor total capacitance (Cout) so that the output voltage ripple (Vripple) meets the required
specification. The combined ripple voltage contributed by the following mechanisms constitutes Viipple:

e Ripple due to ripple current (Al) and output capacitor equivalent series resistance (ESR): Vripple_esr
e Ripple due to ripple current (Al), output capacitance (Cout), and switching frequency (fewm): Vripple_cap

e Ripple due to switching voltage (Vsw), output capacitor equivalent series inductance (ESL),
and inductor (L): Vripple_Est

Each ripple component is calculated by the corresponding equation.

Vyipple esr = Al X ESR

v _ Al
TIPPLELAP T8 X Coue X fowm
Vew X ESL
Vripple_ESL = T

_ (VSW - Vout) X Vout

Al
Vew X fowm X L

Given Vsw = 19.2V, Vout = 12.09V, fewm = 370kHz, and L = 3.5uH, the ripple current is Al = 3.45A.

With ESR = 0.29mQ (2mQ / 7pcs @ 500kHz), Cout = 50.4pF (7.2uF x 7pcs @ DC 12V & AC 0.01V), ESL = 0.14nH
(1nH / 7pcs), and L = 3.5uH, the ripple voltages are Vripple esr = 0.99mV, Viipple.cap = 23.1mV, and Viipple_esL =
1.2mV. Because the ripple due to Viipple_cap is phase-shifted relative to Viipple_esk and Viripple_est, these cannot be

simply added; however, since Vripple_cap is relatively small, a simple sum can be used as a rough estimate of
output ripple.

Adjust Cout, ESR, and ESL so that Vripple meets the required specification. Also confirm the following:

e Output undershoot/overshoot during load transients is within the specified voltage range
e The allowable ripple current rating of the output capacitors is sufficient
e Component tolerances and aging of the output capacitors are considered

© 2026 15 19 _N2._
Toshiba Electronic Devices & Storage Corporation / 2026-03-31
Rev.1



TOSHIBA

RD249-DGUIDE-01

3.9. Surge Voltage Reduction Circuits for Synchronous Rectification MOSFETs

To reduce surge voltage generated across the drain—source of the secondary-side synchronous rectification

MOSFETs (Q5-Q8), this design employs a regenerative circuit. Snubber component footprints are provided for
optional use if needed.

i B
1 1
; | Iy :
! {- P e oS |
i : ; i :l;‘ES > i GND ocutput £
: L VT TS :
| J
i 1 1 :
i il 1 :
| I J n nanD .
J_ GHND output
L aza7-o-on-1s
LdlD

Fig 3.12 Regenerative Circuit

As shown in Fig 3.12, the regenerative circuit is composed of D14, D15, R18, R36, and C19. The surge voltage
(Vsrg) generated on Q5-Q8 is absorbed by C19 and regenerated to the output through R18. The loss generated
in resistors R18 (Pd_rreg) is given by the corresponding equation.

(Vsrg - Vout)2
R18

P d_Rreg —

With Vout = 12.09V, Vsig = 60V, and R18 = 10kQ, the power loss Pd_rreg dissipated in each resistor is 230mW.
Adjust component values and ratings according to the actual surge voltage level.
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Fig 3.13 Snubber Circuit

This design does not employ a snubber circuit; however, as shown in Fig 3.13, land patterns for snubber circuit

components (R29, R35, C17, and C18) are provided.
When a snubber circuit is implemented, appropriate components should be selected according to the actual

surge voltage levels.
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3.10. Output Overvoltage Detection Circuit
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Fig 3.14 Output Overvoltage Detection Circuit

Set the output overvoltage detection value (Vovp) using the detector (XC6133N18EMR-G) detection voltage
(Vdet = 1.8V) and the resistance values of external resistors (R47, R48). Output voltage monitoring is performed
indirectly using the auxiliary supply voltage (Vau). When the auxiliary supply voltage reaches Vovp, the detector
operates and latches the PSFB PWM controller SS pin low to stop switching. Vow is calculated by the
corresponding equation.

(Vsor + 90mV) x (R47 + R48)
Vovp = R48

In this design, Vo is set to 14.9V. As shown in Fig 3.14, resistor values are selected as R47 = 110kQ and R48
= 16kQ. To resume switching after overvoltage shutdown, one of the following conditions must be satisfied:

e Reset the Enable pin (open it and reconnect to GND)
e Turn off the external regulated DC supply output, then re-apply
[ ]
If direct monitoring of the output voltage is required, implement an overvoltage detection circuit on the
output side.
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Terms of Use

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.
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