User’s Guide
ROHM Solution Simulator
Input Voltage 5.0 V to 35 V
Output Switch Current 2 A
1 ch Step-Down Switching Regulator

BD9060HFP/BD9060F Simulation Guide
This document provides a guide for performing simulations on the BD9060HFP/BD9060F using the ROHM Solution Simulator.
This document takes the BD9060HFP as an example for description. The pin layout should be replaced for the BD9060F.

Constant value setting and simulation
The item that can be simulated on the BD9060HFP/BD9060F using the ROHM Solution Simulator is confirmation of phase
compensation on a Bode plot. For the design of the constant value settings, refer to the section of “Selection of components
externally connected” in the data sheet. The simulation procedure is shown in the following pages.

Information • For more details on the products, see the following product information links.
▶ Product information links: BD9060HFP, BD9060F
• For a comparison between the actual equipment and the simulation results, see the following modeling reports.
▶ Modeling reports: BD9060HFP, BD9060F
• The procedure in this document uses the simulator provided by ROHM. For those who have other simulators,
we provide the SPICE models separately. They are available from the product information links above.
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Detailed procedure
Phase compensation circuit: Phase margin, gain margin

Simulator used: ROHM Solution Simulator
Simulation type: Frequency Domain
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To improve the response performance, it is necessary to increase zero cross frequency fC of the loop gain. However, increasing
the frequency decreases the phase margin due to the phase delay, reducing the stability. Therefore, there is a trade-off relationship
between the response performance and the stability. In addition, since the switching regulator application performs sampling at
the switching frequency, it is necessary to suppress the gain at the switching frequency. Therefore, as the design values, it is
necessary to set zero cross frequency fC to no more than 1/10 of switching frequency fSW.
The phase compensation is set with R3, C1, and C3 connected to the FB pin as well as C2 connected to feedback resistor R1.
The point for achieving the stability with the phase compensation is to cancel the phase delay due to the two poles, fP1 and fP2,
that are formed in the system by inserting the phase advance due to the two zeros, fZ1 and fZ2.
The phase margin, the gain margin, and the zero cross frequency are checked with the simulation below.
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Detailed procedure
Phase compensation circuit: Phase margin, gain margin (continued)

Calculation formulas for the various frequencies
● The frequencies of the two poles (phase delay) and the two zeros (phase advance) described above as well as the frequencies
of the poles produced by the circuit can be calculated with the following equations. Note that, in this circuit example, it is not
necessary to set fp2 with R4 because fESR is located higher than the switching frequency.
𝑓𝑃1 =

𝐶1 + 𝐶3
2𝜋 ∙ 𝑅3 ∙ 𝐶1 ∙ 𝐶3

𝑓𝑍1 =

1
2𝜋 ∙ 𝑅3 ∙ 𝐶1

𝑓𝐿𝐶 =

1
𝑅𝑂 + 𝐷𝐶𝑅
√
2𝜋 𝐿1 ∙ 𝐶𝑂 (𝑅𝑂 + 𝐸𝑆𝑅)

[𝐻𝑧]

[𝐻𝑧]

[𝐻𝑧]

𝑓𝑃2 =

1
2𝜋 ∙ 𝑅4 ∙ 𝐶2

𝑓𝑍2 =

1
2𝜋 ∙ (𝑅1 + 𝑅4) ∙ 𝐶2

𝑓𝐸𝑆𝑅 =

[𝐻𝑧]

1
2𝜋 ∙ 𝐸𝑆𝑅 ∙ 𝐶𝑂

[𝐻𝑧]

[𝐻𝑧]

where
𝐶𝑂 : 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟 (𝑁𝑂𝑇𝐸 1) [𝐹]
𝑅𝑂 : 𝐿𝑜𝑎𝑑 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 [Ω] =

𝑂𝑢𝑡𝑝𝑢𝑡 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 [𝑉]
𝐿𝑜𝑎𝑑 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 [𝐴]

(1)

𝐷𝐶𝑅 ∶ 𝐷𝑖𝑟𝑒𝑐𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑑𝑢𝑐𝑡𝑜𝑟 [Ω]
𝐸𝑆𝑅 ∶ 𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑠𝑒𝑟𝑖𝑒𝑠 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟 [Ω]
(NOTE 1) Multilayer ceramic capacitors (MLCCs) show a lower capacitance than the nominal value due to the DC bias characteristics and the
AC voltage characteristics. To perform simulations accurately, use the actual capacitances instead of the nominal capacitances.

● Calculate the various frequencies using the values from an example of the design parameters. Here, the calculations are
performed under the assumption that MLCCs with the nominal capacitance of 22 µF are used for output capacitances Co1 and
Co2 and their actual capacitance is 13.8 µF. RO is calculated from Ohm’s law (Equation 1). fLC is calculated at the maximum
load current. In this example, the value is set to 1.5 A. Although DCR is the direct resistance of the inductor L1, it is set to zero
for this calculation because its effect is insignificant.
𝑓𝑃1 =

𝐶1 + 𝐶3
4700𝑝𝐹 + 100𝑝𝐹
=
= 163 𝑘𝐻𝑧
2𝜋 ∙ 𝑅3 ∙ 𝐶1 ∙ 𝐶3 2𝜋 × 10𝑘Ω × 4700𝑝𝐹 × 100𝑝𝐹

𝑓𝑃2 =

1
1
=
= ∞ 𝐻𝑧
2𝜋 ∙ 𝑅4 ∙ 𝐶2 2𝜋 × 0 × 1000𝑝𝐹

𝑓𝑍1 =

1
1
=
= 3.39 𝑘𝐻𝑧
2𝜋 ∙ 𝑅3 ∙ 𝐶1 2𝜋 × 10𝑘Ω × 4700𝑝𝐹

𝑓𝑍2 =

1
1
=
= 3.70 𝑘𝐻𝑧
2𝜋 ∙ (𝑅1 + 𝑅4) ∙ 𝐶2
2𝜋 × (43𝑘Ω + 0) × 1000𝑝𝐹

𝑓𝐿𝐶 =

5𝑉
+ 0Ω
1
𝑅𝑂 + 𝐷𝐶𝑅
1
1.5𝐴
√
√
=
= 5.27 𝑘𝐻𝑧
(𝑅
2𝜋 𝐿1 ∙ 𝐶𝑂 𝑂 + 𝐸𝑆𝑅) 2𝜋 33µ𝐻 ∙ 13.8µ𝐹 × 2 ( 5𝑉 + 5𝑚Ω)
1.5𝐴
2

𝑓𝐸𝑆𝑅 =

1
1
=
= 2.31 𝑀𝐻𝑧
2𝜋 ∙ 𝐸𝑆𝑅 ∙ 𝐶𝑂 2𝜋 ∙ 5𝑚Ω ∙ 13.8µ𝐹 × 2
2
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Detailed procedure
Phase compensation circuit: Phase margin, gain margin (continued)

Checking the standards for the stable operation
● If the relations among the various frequencies satisfy the following expressions as the standards, the frequency characteristics
can be considered to be optimized. Apply the calculation results in the previous page to the relational expressions.
1.

0.2 𝑓𝐿𝐶 ≤ 𝑓𝑍1 ≤ 𝑓𝐿𝐶
1.14𝑘𝐻𝑧 ≤ 3.39𝑘𝐻𝑧 ≤ 5.72𝑘𝐻𝑧
It is confirmed that the condition of the standard is satisfied.

2.

0.5 𝑓𝐿𝐶 ≤ 𝑓𝑍2 ≤ 2 𝑓𝐿𝐶
2.86𝑘𝐻𝑧 ≤ 3.70𝑘𝐻𝑧 ≤ 11.4𝑘𝐻𝑧
It is confirmed that the condition of the standard is satisfied.

3.

𝑓𝑃1 ≈ 0.5 𝑓𝑆𝑊
163𝑘𝐻𝑧 ≈ 150𝑘𝐻𝑧
At a switching frequency of 300 kHz, it is confirmed that the condition of the standard is satisfied.

4.

𝑓𝑃2 ≈ 𝑓𝐸𝑆𝑅
∞𝐻𝑧 ≈ 2.31𝑀𝐻𝑧
For fP2, it is not necessary to set fp2 with R4 if fESR is located higher than the switching frequency.
fESR 2.31 MHz > Switching frequency 300 kHz
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Detailed procedure
Phase compensation circuit: Phase margin, gain margin (continued)

Setting the IC properties
● Set the properties of switching regulator IC U1.
1. Parameter FSW: Sets the switching frequency.
2. Parameter VIN: Sets the input voltage.
3. Parameter VO: Sets the output voltage.

Setting the simulation frequency
● Set “Start Frequency” and “End Frequency” to 0.1 Hz and 1 MHz, respectively, so that the whole picture of a Bode plot can be
observed.

Performing the simulation
● Click ▶ to perform the simulation. Wait until the simulation is completed.

© 2021 ROHM Co., Ltd.

5/7

No. 63UG139E Rev.001
MARCH 2021

BD9060HFP/BD9060F Simulation Guide

User’s Guide

Detailed procedure
Phase compensation circuit: Phase margin, gain margin (continued)

Displaying the characteristics and checking the values
1. On the graph displayed in the initial screen, the characteristics of the magnitude and the phase are plotted. If the graph is
closed, follow the next procedure to display the graph.
a. Drag and drop “Waveform Probe” onto the symbol of vsrc5 in the circuit diagram.
b. When the waveform dialog box is opened, go to folder vsrc5 and then oltf. Then, select dbMag to display the magnitude
characteristics.
c. Drag and drop the probe symbol on the lower left of the graph onto the symbol of vsrc5 again.
d. When the waveform dialog box is opened again, go to folder vsrc5 and then oltf. Then, select phase to display the phase
characteristics.
2. Right-click on the graph and select “Multi Trace” in “Display Mode” from the pop-up menu. The magnitude characteristics and
the phase characteristics are displayed on the top and bottom graphs, respectively.
3. Right-click on the graph and select “Add Cursor” from the pop-up menu.
4. When the cursor is displayed, move the cursor over the point where the magnitude characteristics are zero. In practice, the
point will be the closest to zero due to the limitation of the simulation resolution.
5. Read the cursor value for the phase characteristics. This is the value of the phase margin.
6. Read the cursor value for the frequency axis. This is the zero cross frequency.
Phase margin and zero cross frequency, when the load current is at the maximum (= 1.5 A)

Gain 0dB

Phase margin

Zero cross frequency
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Detailed procedure
Phase compensation circuit: Phase margin, gain margin (continued)

7. Next, move the cursor over the point where the phase characteristics are zero. In practice, the point will be the closest to zero
due to the limitation of the simulation resolution.
8. Read the cursor value for the magnitude characteristics. This is the value of the gain margin.
Gain margin, when the load current is at the maximum (= 1.5 A)

Gain margin

Phase 0deg

Checking the requirements for the stable operation
● Check whether the following requirements are satisfied. If they are satisfied, the operation can be judged to be stable.

1.

Zero cross frequency 𝑓𝐶 <

𝑆𝑤𝑖𝑡𝑐ℎ𝑖𝑛𝑔 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑓𝑆𝑊
10

18.9𝑘𝐻𝑧 < 30𝑘𝐻𝑧
It is confirmed that the requirement is satisfied.
2.

Phase margin: 45° or greater
66.7° > 45°
It is confirmed that the requirement is satisfied.

3.

Gain margin: -10 dB or less
-22.5dB < -10dB
It is confirmed that the requirement is satisfied.
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Notice

Notes
1) The information contained herein is subject to change without notice.
2) Before you use our Products, please contact our sales representative and verify the latest specifications :
3) Although ROHM is continuously working to improve product reliability and quality, semiconductors can break down and malfunction due to various factors.
Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.
4) Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.
5) The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.
6) The Products specified in this document are not designed to be radiation tolerant.
7) For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.
8) Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.
9) ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.
10) ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.
11) Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.
12) When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.
13) This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM Customer Support System
http://www.rohm.com/contact/

www.rohm.com
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