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Abstract

This document illustrates some issues that you might encounter when using the ISL85403 in two-stage Boost-Buck mode
in applications with input voltages as low as 3V and output voltages about four times greater than the lowest input
voltage.

This document is not a step-by-step design example, but explains issues that may be encountered in some designs and
shows how to overcome these issues. The ISL85403EVALI1Z evaluation board is used and modified to demonstrate the
design considerations.
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Related Literature
For a full list of related documents, visit our website:

* ISL.85403 device page

1. ISL85403 Boost-Buck Mode

The ISL85403 is capable of regulating output voltages in which the input voltage to the circuit is either less than or
greater than the output voltage. To achieve these voltages, configure the device in Boost-Buck mode as shown in

Figure 1.
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Figure 1. Typical Application Schematic - Two-Stage Boost Buck Converter [1]

Note: The ISL85403 datasheet and evaluation board user guides use the term Vg or Battery as the input voltage to the
boost-buck circuit and use the term Vyy as the input voltage to the buck converter where this Vy voltage is generated by
the boost stage (see Figure 1). Be aware of this terminology when reading the datasheet and user guides versus this
guide.

Note: The red markings in some of the figures in this document are specific to this guide and are not part of the original
figures from their respective sources.

2. Design Considerations
This document uses an example circuit with the following specifications:
*Vin=3Vto 24V

Note: As specified in the ISL85403 datasheet, the device may not actually start up until the voltage into VIN is greater
than 3V due to the worst case Power-On Reset Threshold specification and the fact that the current to the VIN pin must
flow through the Schottky diode from the VBAT input.

® VOUT =12Vat 1A

21 Selecting the MOSFET When Operating at 3V Vgt Input

Carefully choose the boost stage switching transistor. The boost stage switching transistor is the FET driven by the
LGATE signal in Figure 1. Many FETs, including the BSZ100NO6LS3 G used on the ISL85403EVAL1Z
evaluation board, are not optimal for being driven with a 3V gate drive signal. The charge curve (Figure 2) for the
BSZ100NO6LS3 G device shows that the plateau of the charge curve is at a voltage greater than 3V.
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Figure 2. BSZ100N06LS3 G Gate Charge Waveforms [2]
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Figure 3. BSZ100NO6LS3 G Typical Output

Characteristics [2]

Driving a 3V signal to the FET’s gate does not fully drive the FET on. See Figure 3 for additional performance
details. In the circuit example illustrated in this technical brief, the load is 12V at 1A, which is 12W. If this load is
reflected to the input of the boost stage and the system is considered 85% efficient, about 4.7A input current is
required when the input voltage to the boost stage is 3V. Figure 4 shows that the ON-resistance for this transistor is
about 24mQ when being driven by 3V to produce 4.7A of drain current. The losses in just the transistor when

operating at a 3V gate drive are (4.7)2 x 0.024 = 486mW.
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Figure 4. BSZ100NO6LS3 G Drain-Source On-Resistance [2]

When operating at 3V, choose a FET that operates more efficiently. Renesas recommends the BSZ025N04LS for
the supply circuit example in this technical brief.

The BSZ025N04LS’s charge curve plateau is at about 2.4V (Figure 5). This FET is fully on when driven with a 3V
gate signal; this is confirmed by the other characteristic curves shown in Figures 6 and 7.
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The ON-resistance of the BSZ025N04LS when driven at 3V gate drive is about 3.6mQQ at 25 °C. The power
dissipated in the FET when operating at 3V and full load on the 12V output is much lower at about 80mW.
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2.2 Setting the Threshold Voltage on the EXT_BOOST Pin

The voltage input into the EXT BOOST pin determines whether the boost portion of the circuit is active. When
power is first applied to the circuit, the voltage into the EXT BOOST pin must be greater than 200mV for the boost
converter to start up. If the voltage into the EXT BOOST pin is greater than 800 mV, the boost converter shuts off
and the circuit operates in Buck mode.

For the power supply specifications listed in “Design Considerations” on page 2, the signal into the EXT BOOST
pin must be modified to make the boost converter function. On the ISL8§5403EVAL1Z evaluation board, the
voltage into the EXT BOOST pin is usually derived using a resistor divider that monitors the input voltage to the
circuit. However, if the resistors yield a voltage greater than 200mV into the EXT _BOOST pin when the input
voltage is 3V, an input voltage of about 12V shuts off the boost stage because 12V divided down by the same
resistors yields a voltage exceeding the 800mV threshold for shutting off the boost stage. An input voltage of 12V
does not allow enough voltage into the buck converter to yield a regulated 12V output.

The network used to generate the control voltage into the EXT BOOST pin on the ISL85403EVAL1Z evaluation
board needs to be modified.

First, determine the Va1 voltage needed to ensure the buck regulator properly regulates the output voltage at 12V.
The ISL85403 datasheet specifies the following parameters for the buck PWM:

Table 1. ISL85403 PWM Specifications [1]

Parameter Symbol Test Conditions ‘ Min | Typ Max Unit
Oscillator
PWM Frequency Fosc Rt = 665kQ 160 200 240 kHz
Rt =51.1kQ 1870 2200 2530 kHz
FS pin connected to VCC or floating or GND 450 500 550 kHz
Minimum ON-Time tmMIN_ON 130 225 ns
Minimum OFF-Time tMIN_oFF 210 330 ns

The ISL85403 example circuit is operated at S00kHz (2us period). The ISL85403 datasheet specifies a worst case
minimum OFF-time of 330ns, which means the buck converter maximum duty ratio is (2000 - 330)/2000 = 0.835.
This result indicates that due to duty ratio limits, the voltage into the buck regulator must be at least 12/0.835 =
14.37V. For margin, add an additional 0.5V to account for voltage losses across the inductor resistance and the FET
switch ON-resistance. For the buck regulator to regulate the 12V output, its input voltage should be about 14.9V
minimum. However, this voltage is the voltage value needed at the input of the buck converter.

The current used by the buck converter has to flow from the battery source through the boost inductor and through
the boost diode as shown in Figure 8 on page 7.
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Figure 8. Input Current Path, Two-Stage Boost Buck Converter in Buck Mode [1]

These components introduce some voltage drop between the Vg a7 input and the buck converter input point (VIN
pin). See the diode datasheet for its forward voltage information. The forward voltage for the new diode is
approximately 0.42V. The boost inductor resistance for the inductor is about 12mQ. Therefore, allot another 0.5V
for the voltage drop across these two components. The Vst voltage required for the buck regulator to properly
regulate the 12V output would then be 15.4V. The EXT BOOST network is designed to keep the boost converter
active until the Vgt voltage is greater than 15.5V.

Therefore, to modify the voltage signal going to the EXT BOOST pin, the following component network is used:

VBAT

LL4148
D1 EXT_BOOST

Figure 9. Proposed Component Network to Ensure Proper EXT_BOOST Pin Behavior

When the Vg1 voltage is 3V, current flows down the resistor divider, forward biases the diode, and sets the
voltage on EXT BOOST to be about 286mV at 25 °C or about 260mV at 65 °C. This data is based on simulation
using the diode parameters given in the ON Semiconductors LL4148 diode datasheet (see Figures 17 and 18). As
long as the voltage on EXT BOOST pin is above the required 200mV threshold, the circuit starts up with the boost
converter operating when Vgt is 3.0V.
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Table 2. EXT_BOOST and VBAT Thresholds
VBAT (V) EXT_BOOST (mV)
25°C 3 2855
16.44 800
65°C 3 259.8
16.18 800

As the Vgt voltage to the component network on the EXT BOOST pin increases from 3V, the boost converter
shuts off when the Vg, voltage rises to about 16.44V at 25 °C or about 16.18V at 65 °C. This data is based on

simulation using the diode characteristics from the plots of the diode behavior.

See “Appendix: Using the iSim PE Simulator Software to Help Design the EXT BOOST Network” for more

information about diode simulation.
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3. Changing the ISL85403EVAL1Z Schematic to Support the Required
Specifications

The boost-buck requirements are defined as Vi (VgaT) = 3Vto 24V, Voyur =12V, 1 A

The ISL85403EVAL1Z evaluation board was modified to implement this design.

The ISL85403EVAL1Z User Guide has a component part listing.

Modify the following components in addition to the FET and EXT BOOST components to enable the evaluation board
to support the regulator specifications:

* Replace D5 with a Schottky diode with higher current rating (6A or higher).
» Change C5 and Cg to capacitors with higher voltage ratings so they can support the 12V output.

Table 3 is a listing of component changes:

Table 3. Recommended Component Replacements

Original Component Replacement Component
Q, BSZ025N04LS
D3 FSV15100V
L4 22uH 7443551221
R3 140k
Cs7 47uF EEE-FK1K470P
Cs 100uF EMK325ABJ107MM-T
Ceo 100uF T543D107K016ATE035

Figure 10 on page 10 shows the schematic of the evaluation board with the component changes noted in green.
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4. Measurement Results at 12V, 1A Output

This power circuit is specified to operate over an input voltage range of 3V to 24V. Based on testing, the circuit required 3.1V to start up but

remained operating until the input voltage was reduced to 2.0V.
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Figure 14. Load Transient (V|y = 24V)
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Figure 15. Loop Bode Plot (V|y = 3V)
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Figure 16. Loop Bode Plot (V|y = 24V)

Table 4. Efficiency

Input Voltage (V) Efficiency (%)
3 87.1
24 92.7

Note: The efficiency measurements were taken using the original FET on the ISL85403EVAL1Z evaluation board, not
the new recommended FET with the lower gate charge threshold and lower ON-resistance.
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5. Appendix: Using the iSim PE Simulator Software to Help Design the
EXT_BOOST Network

In “Setting the Threshold Voltage on the EXT BOOST Pin”, the components in Figure 9 on page 7 were used in the
network on the EXT BOOST pin.

The iSim PE simulator can provide a good estimate of the network behavior by means of simulation.

The LL4148 diode (ON Semiconductor) was used in the network. Its characteristics impact the behavior, especially over
temperature.
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Figure 17. Forward Voltage vs Forward Current [5] Figure 18. Forward Voltage vs Ambient Temperature [5]

The simulator software does not include a model for this diode but it is easy to make a simulator element to represent the
diode because the ON Semiconductor L1L4148 datasheet includes curves about the diode behavior.

Figures 17 and 18 from the ON Semiconductor L1L4148 diode datasheet show the resistance of the diode for various
current levels. The curves for 25 °C and 65 °C are also provided. Using the data in these curves you can construct a Piece
Wise Linear (PWL) resistor in the PE simulator to model the diode at 25 °C and 65 °C.

The following data is obtained from the curves:

Table 5. PWL Resistor Setup to Model LL4148 Over-Temperature

Diode at 25°C PWL Resistor Diode at 65°C PWL Resistor

0.310V at 2pA

0.325V at 10pA

0.375V at 10uA

0.360V at 20uA

0.420V at 20uA 0.380V at 30uA
0.440V at 30uA 0.400V at 40uA
0.457V at 40uA -
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Figure 19. Simulation Schematic for the EXT_BOOST Network

In the simulation schematic of Figure 19, the LL4148 diode is represented by the PWL resistor Rs.

The parameters for the PWL resistor are taken from the LL4148 diode datasheet curves as shown in Table 5 on page 13.
Rj5 can be set up to first use the data at 25 °C. Voltage source V; is a PWL voltage source that can be set for any span of
voltage to examine the behavior of the EXT BOOST voltage at various inputs for the Vgt voltage. Figure 20 shows an
example simulation where the Vg, voltage is changed from 1V to 18V.
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Figure 20. EXT_BOOST Voltage at Various Vgt Voltages
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The intended applications for
each Renesas Electronics product depends on the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home
electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, "General Notes for
Handling and Using Semiconductor Devices" in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
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