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Stability Estimate by Simple Experiment

Low drop-out (LDO) regulators developed back in the age
when

large-capacitance

multi-layer

ceramic

capacitors

If a board wiring diagram is unavailable, the step response

(hereinafter, MLCCs) were uncommon cause a phase delay,

method provides a simple solution for measuring the stability

leading to oscillation when connected to a low-ESR capacitor

of the circuit. Given in Fig. 2 is an example of a circuit for

like an MLCC. Often, MLCCs are used to save board space

measuring step response, in which an electronic load device

and prolong the lives of electronic components. A resistor

is connected to the LDO output VO, whose waveform is to be

placed in series in the circuit increases apparent ESR and

monitored via an oscilloscope. Power is supplied to VIN of the

establishes a phase lead that enable the use of an MLCC as

LDO, then the current of the electronic load device is changed.

an output capacitor. Phase margin measurement is practical

For example, applying a rapid change at a slew rate of 1 A/μs

on an LDO having variable output voltage, since its feedback

to the current within the range from 0 A to the rated current of

loop is outwardly exposed. However, on a fixed output voltage

the LDO returns a typical waveform of the step response.

LDO, the phase margin cannot be measured because of its
closed loop circuit. This Application Note provides tips for

If no electronic load device is available, a circuit alternatively

estimating stability through a simple test that uses the step

incorporating a transistor switch, as shown in Fig. 3, works

response method.

effectively to measure step responses. In this circuit, a function
generator is connected to the gate of an N-ch MOSFET, to

Common Method for Measuring Phase Margin

quickly turn the transistor on and off. When the transistor is off,
the current is at 0 A, and when it is on, a current of VO/RL flows.

For LDO phase margin measurement, a signal source is
placed in a part of the LDO's closed loop that is cut from the
loop, then, the phase margin is evaluated on its board wiring

VIN

diagram as shown in Fig. 1. This method is, however,

VI N

CIN

inapplicable to an LDO of variable output voltage because of
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its feedback loop built in the IC.
Fig. 2 Example of Circuit to Measure Step Responses
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Fig. 3 Load Device Using a Transistor Switch

OSC

Using an MLCC for the output of the BA05CC0 and a resistor

CH2

placed in series, a test was conducted to establish a

FB

relationship between step response and phase margin. Figure
R2

4 shows the circuit used for step response measurement,
while Figs. 5-10 provide the test results. Figures 11-17 are the
results of tests in which different output capacitances were
applied to the capacitor.

Fig. 1 Typical Circuit to Measure Phase Margin

www.rohm.com
© 2016 ROHM Co., Ltd. All rights reserved.

1/4

2016.6 - Rev. 001

Simple Test Methods to Estimate the Stability of Linear Regulators

Power Unit
Kikusui Electronics
PMX35-3A
VIN = 7.0V
VIN

Application Note

Current Probe
Tektronix
TCP0030A
LDO
BA05CC0FP
VIN

CIN

VO

VO

LN-300A-G7
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I
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GND

VO = 5.0 V
IO = 0 A→1 A, 1 A/μs
CO = 22 μF, 25 V B 3225

RESR
10μF 35V B 3225
GRM32EB3YA106KA12
Murata

GRM32EB31E226ME15
(19.5 μF when 5 V biased)
Oscilloscope

Fig. 4 Example of Circuit Used for Step Response Measurement

VO
100 mV/div
(AC)
Oscillation

IO
500 mA/div

CO = 22 μF, RESR = 0 Ω
100 μs/div
Fig. 5 Phase Margin = 0

VO
100 mV/div
(AC)

CO = 22 μF, RESR = 0.39 Ω
20 μs/div
Fig. 8 Phase Margin = 52 deg

A lot of ringing artifacts

IO
500 mA/div

CO = 22 μF, RESR = 0.1 Ω
100 μs/div
Fig. 6 Phase Margin = 9.9 deg

CO = 22 μF, RESR = 0.68 Ω
20 μs/div
Fig. 9 Phase Margin = 82 deg

VO
100 mV/div
(AC)

IO
500 mA/div

CO = 22 μF, RESR = 0.2 Ω
20 μs/div
Fig. 7 Phase Margin = 25 deg
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CO = 22 μF, RESR = 1 Ω
20 μs/div
Fig. 10 Phase Margin = 70 deg
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Power Unit
Kikusui Electronics
PMX35-3A
VIN = 7.0V
VIN

Application Note

Current Probe
Tektronix
TCP0030A
LDO
BA05CC0FP
VIN

CIN

VO

VO

LN-300A-G7
CR mode
I

CO

GND

VO = 5.0 V
IO = 0 A →1 A, 1 A/μs
CO = 22 μF × 2, 25 V B 3225

RESR
10μF 35V B 3225
GRM32EB3YA106KA12
Murata

GRM32EB31E226ME15
(38.4 μF when 5 V biased)
Oscilloscope

Fig. 11 Example of Circuit Used for Step Response Measurement

VO
100 mV/div
(AC)
Oscillation

IO
500 mA/div

CO = 44 μF, RESR = 0 Ω
100 μs/div
Fig.12 Phase Margin = 0

VO
100 mV/div
(AC)

CO = 44 μF, RESR = 0.2 Ω
20 μs/div
Fig. 15 Phase Margin = 38 deg

A lot of ringing artifacts

IO
500 mA/div

CO = 44 μF, RESR = 50 mΩ
100 μs/div
Fig. 13. Phase Margin = 10 deg

CO = 44 μF, RESR = 0.39 Ω
20 μs/div
Fig. 16 Phase Margin = 60 deg

VO
100 mV/div
(AC)

IO
500 mA/div

CO = 44 μF, RESR = 0.1 Ω
20 μs/div
Fig. 14 Phase Margin = 19 deg
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CO = 44 μF, RESR = 0.68 Ω
20 μs/div
Fig. 17 Phase Margin = 85 deg
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Application Note

At CO = 22 μF
Phase Margin

Ringing Cycle

9.9 deg

≥10

25 deg

6

52 deg

4

70 deg

3

82 deg

3

At CO = 44 μF (22 μF × 2)
Phase Margin

Ringing Cycle

10 deg

≥10

19 deg

4

38 deg

3

60 deg

3

85 deg

3

Table 1 Results of Tests to Establish Relationship between
Phase Margin and Ringing Cycle

Conclusion
The relationship between the phase margin and ringing
cycle is tabulated in Table 1 for the waveforms obtained from
the tests. These tests suggested that phase margin, in terms
of the relative stability of a closed loop, should be maintained
at points where the ringing cycle stays stable below three.
When estimating circuit stability based on the relationship
between phase margin and ringing cycle, it must be noted that
measurements may vary depending on the impedance of the
power source in the stage preceding the circuit, the status of
the load current, and the properties of the components in use.
The measurements of phase margin and ringing cycle
shown in Table 1 are specific to the circuit used for the tests,
therefore it would be inappropriate to apply the values to other
circuits. Some circuits behave stably even when a lot of ringing
artifacts exist. The results of the tests suggest a probable
relationship between the ringing and phase margin, i.e., the
less the phase margin is, the more the ringing artifacts exist,
and should be considered as one of the means for estimating
circuit stability.
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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 are intended for use in general electronic equipment (i.e. AV/OA devices, communication, consumer systems, gaming/entertainment sets) as well as the applications indicated in
this document.
7) The Products specified in this document are not designed to be radiation tolerant.
8) 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.
9) Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.
10) ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.
11) 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.
12) 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.
13) 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.
14) This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.
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