TOSHIBA Schottky Barrier Diode for Voltage Boost Circuits
Application Note

Selecting a Schottky Barrier Diode for
Voltage Boost Circuits

Outline:

This document explains how to select a diode that can maximize the power supply efficiency
of the step-up switching regulator of the asynchronous (diode) rectification method used in
LED drive circuitry, etc.

Compare switching losses (efficiency) using CUHS20F40 of low forward voltage type and
UHS20S40 of low leakage current type as an examples.
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1. Introduction

Notebook PCs, tablets, cell phones, and other mobile devices and consumer electronics contain
many types of components operating at different voltages such as CPUs, memory devices, and
displays. Figure 1.1 shows a 3.6-V battery power supply. The internal components of an electronic
system operate at different voltages. For example, the battery voltage is stepped up from 3.6 V to
30 V for a string of series-connected backlight LEDs while it is stepped down from 3.6 V to 3.5 V for
a Wi-Fi module and to 1.2 V for a camera module. It is therefore necessary to step up and down the
voltage level from a DC power supply using DC-DC converters and LDO regulators.

Y DC3.eV 3ov
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Figure 1.1 An example of voltage supply to various applications from a power supply unit

Nowadays, demand is growing for ever-smaller power supply units with higher power efficiency.
To help reduce the board size, system manufacturers often rely on ICs that integrate diodes,
transistors, and other discrete devices on the same chip. However, not all devices are integrated in
ICs because integrating the devices that tolerate high voltage and current needed for step-up DC-
DC converters results in an increase in the IC price. Therefore, asynchronous (diode) rectification is
commonly used for DC-DC converters for LED backlight drive that provide relatively high voltage (on
the order of 30 V). The next section describes the basic operation of asynchronous (diode)
rectification and how to select a Schottky barrier diode (SBD) for asynchronous rectification.

2. Voltage boost circuits for DC-DC converters

Table 2.1 compares two types of voltage boost circuits for DC-DC converters.
Table 2.1 Comparison of voltage boost circuits

Asynchronous (Diode) Rectification Synchronous Rectification

Vin Vout vin ’ MOSFET Vout
Basic circuit _{

MOSFET
0 - - e
Advantages Inexpensive and simple circuit High efficiency
Disadvantages Low efficiency Complicated circuit and expensive
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In the case of voltage boost circuits for liquid crystal displays (LCDs), asynchronous (diode)
rectification is commonly used because it is less costly and more straightforward than
synchronous rectification. In an asynchronous rectification circuit, the VOUT output is preceded
by a rectification diode. To minimize the power loss incurred by the diode, an SBD with low
forward voltage is generally used.

2.1. Basic operation of a voltage boost circuit using asynchronous (diode)
rectification

This subsection describes the principle of operation of asynchronous rectification using the
circuit shown in Figure 2.1. When the MOSFET is on, current flows from VIN to GND via the
MOSFET. At this time, inductor L stores the energy of an electric current. When the MOSFET
turns off, inductor L tries to maintain the current at the same level by generating a voltage
across its terminals. A voltage boost circuit steps up voltage by adding the voltage generated by
inductor L to the voltage from VIN. Since the energy released from inductor L decreases over
time, a step-up operation is repeated by turning on and off the MOSFET periodically. The
stepped-up voltage is smoothed by capacitor C before it comes out of VOUT. Figure 2.2 shows
the voltage (Vtr) and current (ID) waveforms of the diode.

s et ety
Itr Itr
_______________________ e |
tON
-
Figure 2.1 Current path through an asynchronous Figure 2.2 Waveforms of the ideal
rectification voltage boost circuit voltage boost circuit

When the load connected to VOUT is constant, the output voltage (Vout) is dependent on the
turn-on time (tON) and the cycle period (T) of the MOSFET. Therefore, Vout can be calculated as
follows:

Vout = * Vin ... Equation 2.1

(T—tON)
Next, let’s consider the output current (Iout) based on the current flowing through the diode
(ID). Let the instantaneous current due to the discharging of inductor L and the charging of the
smoothing capacitor be IDp and the minimum current during the off state of the MOSFET be
IDb. Then, ID can be expressed as follows:
(T_;ON) x ('D”;”Db) = % 1p ... Equation 2.2
Equation 2.1 and Equation 2.2 provide the output voltage and current for the ideal voltage

boost circuit. In reality, however, Vout and Iout are affected by the power losses of the

Iout =

constituent components. It is therefore necessary to select the optimal components that help
reduce power losses.
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Dedicated step-up DC-DC converter ICs for LCD backlight applications are commercially
available that incorporate control circuitry, a MOSFET, and an SBD. Since these ICs are
expensive, there are also dedicated ICs with a good performance/cost balance that integrate
only a MOSFET and control circuitry as shown in Figure 2.3.These ICs allow you to improve
power efficiency by selecting an optimal SBD. The next section discusses how to select an SBD.

3.6-V Power Supply

T >

White
LED
driver

[l
Il
W oo

Figure 2.3 MOSFET integrated in a white LED driver IC

3. Considerations in selecting an SBD for a voltage boost circuit

It is necessary to select an SBD with absolute maximum ratings higher than the voltage and
current at which the SBD will be used and to consider its losses that could affect the power
efficiency of the voltage boost circuit.

3.1. Absolute maximum ratings

In selecting an SBD, allow for margins for the absolute maximum rated voltage and current,
considering the number of LEDs connected as a load as well as its peak current and noise
voltage during switching.

3.2. Switching loss

When a diode switches from the forward-biased conducting mode to the reverse-biased blocking
mode, switching loss (PSW) might occur because the diode briefly remains conductive owing to
the accumulated minority carriers (Figure3.1). Because the diode bias direction changes
periodically in the asynchronous rectification voltage boost circuit, its PSW increases as the
operating frequency increases. An SBD is generally used in the asynchronous rectification
voltage boost circuit because the SBD, which has no carrier accumulation, ideally provides
almost zero reverse recovery time (trr), eliminating the need to take PSW into consideration.
When a PN-junction diode with long reverse recovery time must be used, it is necessary to
consider PSW, which can be calculated as follows:

PSW(W) = 0.5 * VR(V) * IR(PEAK)(A) = trr(s) * f(Hz) ... Equation 3.1

© 2019-2021 5 2021-03-26

Toshiba Electronic Devices & Storage Corporation



TDSH IBA Schottky Barrier Diode for Voltage Boost Circuits
Application Note

VF I
Voltage across diode
VR
—
IF | IR(PEAK)*0.1
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Current flowing through diode

IR(PEAK)

trr

Figure 3.1 Diode’s voltage and current waveforms during switching

3.3. Thermal loss

The thermal loss of a diode should be considered separately for the forward- and reverse-bias
modes. When the MOSFET is off, the SBD is forward-biased by Vin and L. As a result, current
(ID) flows through the SBD, causing thermal loss, PF (forward loss). Figure 3.3 shows the VOUT
voltage and current waveforms. PF can be calculated as follows from the turn-on time (tON) and
the cycle period (T) of the MOSFET. Therefore, SBDs with lower forward voltage (VF) provide
higher power efficiency.

(T(s)-toN(s)) . (1Dp(A)*VFA(V)+IDb(A)xVEp(V)) . (T(s)—tON(s))

) > : - * (ID(A) = VF(V)) ... Equation 3.2

PF(W) =

Next, as shown in Figure 3.2, when the MOSFET is on, the SBD is reverse-biased by VOUT and
C. As a result, current flows through the SBD in the reverse direction, causing thermal loss, PR
(reverse loss). The reverse bias voltage of the SBD is equal to Vout. PR can be calculated from
the turn-on time (tON) and the cycle period (T) of the MOSFET as follows. Therefore, PR is
dependent on the IR of the SBD.

tON(s) tON(s)

PR(W) = VR(V) * IR(A) * ™ - Vout(V) * IR(A) * R Equation 3.3
L lout o S
VIN vy L ID lout v [T T [
VOUT vour " [TTTTTTTTTTTTTT
ON IR OFF m[J '
vin - — c Vout |yin C Vout 1o FoiiTmmme T
Vtr T T ftr
o . o o . 0 f—= !
When the MOSFET is on When the MOSFET is off -

Figure 3.2 Current path through an asynchronous Figure 3.3 Current and voltage waveforms of
rectification voltage boost circuit a voltage boost circuit

From Equation 3.2 and Equation 3.3, the total thermal loss can be calculated as follows:

P(W) = PF(W) + PR(W) = % « (ID(A) * VF(V)) + Vout (V) * IR(A) * % Equation 3.4

© 2019-2021 6 2021-03-26

Toshiba Electronic Devices & Storage Corporation



TOSHIBA Schottky Barrier Diode for Voltage Boost Circuits
Application Note

Since forward voltage (VF) and reverse current (IR) affect PF and PR respectively, it is ideal to
select an SBD with low VF and IR. However, there is a trade-off between VF and IR as shown in
Figure 3.4. Therefore, either a low-VF or low-IR SBD should be selected according to the load in
order to reduce thermal loss.

Toshiba provides an extensive lineup of SBDs. For example, typical low-VF and low-IR SBDs
include the CUHS20F40 and CUHS20S40 (Table 3.1).

Trade-off line for
Toshiba’s 40-V SBDs

\ Low-VF SBD
va | CUHS20S40

Table 3.1 SBD application examples

Loaﬁ Importa.mt. Ex?mple of 7 P
condition characteristics Toshiba’s SBD o\ | CUHS20F40
Heavy Low VF CUHS20S40 \
Light Low-TR CUHS20F40

Reverse Current IR@A0V(pA)

Forward Voltage VF@0.5A(V)
Figure 3.4

Trade-off line for Toshiba’s 40-V SBDs

3.4. Power efficiencies of different SBDs

Suppose that we need to design a voltage boost circuit for an LED backlight consisting of
eight series-connected white LEDs. Figure 3.5 shows efficiency curves of the voltage boost
circuit using different SBDs. White LEDs should be driven at 3.0 to 3.8 V, considering the
variations in their forward voltage (VF). Therefore, the assumption here is that we need to step
up Vin to 31 V (see the evaluation circuit shown in Figure 3.5). Figure 3.5 compares the power
efficiency of this evaluation circuit using 40-V low-VF and low-IR SBDs. In the case of a light
load condition with an LED drive current of 10 to 20 mA, PR (reverse loss) is dominant in
Equation 3.4. Therefore, the low-IR CUHS20F40 provides higher efficiency than the CUHS20S40.

Suppose the white LEDs are connected in parallel. This means the voltage boost circuit needs
to drive a heavier load. In this case, using the low-VF CUHS20S40 helps improve power
efficiency because PF (forward loss) is dominant in Equation 3.4.
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VIN=3E6YV. VOUT=31V.

22uH CUHS20F40 F=R00OKH= . Ta=25°C
JCUHS20540 78 CUHSZOF40
g
§ 76 CLHSE20540
Control IC @
with Vout EE 4
MOSFET =31V
f=500kHz ’
]
10 100
Qutput Current [IOUT(mA)
Evaluation circuit Power efficiency curves

Figure 3.5 Power efficiency comparison of a voltage boost circuit using different SBDs
* Ratio of the output power to the input power supplied to the voltage boost circuit

4. Conclusion

Inexpensive and straightforward asynchronous (diode) rectification is widely used for
voltage boost circuits for LED backlights for LCDs. The characteristics required for a
rectification SBD depend on the load conditions. A low-VF SBD helps improve power
efficiency in the case of a heavy load whereas a low-IR SBD is more beneficial in the case of a
light load. Toshiba provides an extensive portfolio of easy-to-use SBDs, including low-VF and
low-IR SBDs. See data sheets for detailed electrical characteristics.

SBDs suitable for realizing a high-efficiency voltage boost circuit

40-V/2-A low-VF SBD: CUHS20F40 — Click Here
40-V/2-A low-IR SBD: CUHS20S40 — Click Here

Lineup of other Toshiba SBDs — Click Here

Toshiba also provides an extensive portfolio of MOSFETSs.

Toshiba’s MOSFET lineup — Click Here
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6. RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's
written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are 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 Product could cause loss of human life, bodily injury or damage to
property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the
Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information,
including without limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and
conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product
will be used with or for. Customers are solely responsible for all aspects of their own product design or applications, including but not limited
to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the
applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any
other referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation,
equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting medical equipment,
equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or
explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE,
TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our
website.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
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