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Abstract

An investigation into a seamless switch of input supply to support a low power sleep state when
using the Dialog DA9021, DA9022, DA9052, DA9053 or DA9057 PMIC.
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1 Terms and definitions

DA905x For this document this will be used to represent DA9021, DA9022, DA9052,
DA9053 and DA9057

PFM Pulse Frequency Modulation

PWM Pulse Width Modulation

2 References

[1] DA9053-00-IDS3a_140114.pdf, Datasheet, Dialog Semiconductor
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3 Introduction

It is a requirement for some applications to be able to switch input supply when the system enters a
sleep state. This application note investigates the options for having a seamless switchover from
DCIN as the main supply to VBUS as a “sleep” supply in systems using the DA9053 with no battery.
A seamless switch from either DCIN or VBUS to VBAT is also investigated. The findings are
applicable to devices from the DA905x family of PMIC’s from Dialog Semiconductor.

4  Evaluation setup description

A 3F programmed DA9053 part on 11x11 Eval board 44-179-115-03-B

VBUS supplied by a Hameg HM8143 with the output setto 5 V @ 68 mA current limit.

DCIN supplied by a TTi PL155 with the output setto 5 V @ 500 mA current limit.

50 mA load on VBUCKCORE provided by Hameg CH2 which gives a load on DCIN of 19 mA.

5 DCIN to VBUS switchover evaluation

This section investigates the possibility of implementing a seamless switchover from DCIN to VBUS
with a 20 mA load on the supply (DCIN/VBUS).

nYDDFAULT

J[10.oms ‘ |1 .00MS/s ‘ |ﬂ‘

(-+30.0120ms || 100k points)

"'23 Feb 2013"‘
15:57:03 |

Figure 1 Disable DCIN supply

Figure 1 shows VDDOUT (yellow trace) dropping below the VDDFAULT threshold during the
switchover from DCIN (pink trace) to VBUS(cyan trace). The result of this would be a reset of the
system with a loss of all state information. The green trace shows the nVDDFAULT signal.
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Figure 2 No load on VBUCKCORE

Figure 2 shows the behaviour when the load on VBUCKCORE is reduced to 0 mA. The result of this
would be that the system does not reset and stays in the Active state. The green trace shows the
nVDDFAULT signal.
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Figure 3 A 30 mA load is added on VBUCKCORE, 100 pyF capacitor on VDDOUT
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Adding additional capacitance to VDDOUT can help maintain VDDOUT during the switchover.
Figure 3 shows that nVDDFAULT is still triggered with a 30 mA load on VBUCKCORE, even though
100 pF of additional capacitance has been added to VDDOUT. VBUCKCORE is setto 1.25 V.
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Figure 4 Switchover showing LX node

Figure 4 shows that the charger buck stops switching as the voltage on DCIN drops. Following this
there is a period of 10 ms while VBUS is detected and validated before the buck starts to switch
again. It is this period which is the reason for the droop seen on VDDOUT.
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Figure 5 Switchover by DCIN_SUSP bit in R67

To investigate alternative options for triggering the switchover, the DCIN input was disabled by
setting the DCIN_SUSP bit in R67. As it can be seen from Figure 5, this resulted in a longer
switchover period and does not enable a seamless switchover.
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6 DCINto VBAT seamless switchover

An alternative to switching between DCIN and VBUS is to switch between either DCIN or VBUS and
VBAT. In this case it is preferable to reduce the voltage being applied to the VBAT input below the 5
V that would be used for either DCIN or VBUS.

In most cases the sleep supply will be provided by a low power efficient regulator, however in
systems where the sleep supply is already configured for 5 V it should be acceptable to use one or
two series diodes to drop the 5 V to either 4.3 or 3.6V. As the current consumption should be low in
the sleep state, the impact in the overall efficiency when using the diodes should be acceptable.
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Figure 6 Supply sleep current via diode onto VBAT.

Figure 6 shows the switching behaviour if the Sleep current is provided via a diode onto VBAT.
Attaching the sleep supply to VBAT is the safest option as it will avoid any possibility of overdriving
VDDOUT which may cause instabilities with the charger buck. The voltage on VBAT is 3.6 V,.which
is two diode drops below the 5 V supply.
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Figure 7 Supply via single diode to provide 4.3V on VBAT

Figure 7 shows the same behaviour but this time the voltage supplied to VBAT is 4.3 V, which is a
single diode drop from the 5 V supply. During the period that both DCIN and VBUS are present, the
charger buck will regulate to 250 mV above VBAT, so approximately 4.6 V.
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7 Energy efficiency

The goal of implementing a sleep mode in any system is to minimise the energy consumption when
the system is not required to be active. In the following discussion, it is assumed that the target is to
consume less than 100 mW from the 5 V sleep supply. This translates to a target current of 20 mA.

If the system is to use the charger buck to provide the system current in sleep then the buck will be
running and consuming its quiescent current. Although the charger buck does support a PFM low
power mode, it does not support automatic mode switching. This causes a problem in that the host
processor would have to be operating to perform the 12C write to set the buck into PFM mode. To
achieve this, the host would have to be consuming less than 100 mA. This is likely to be difficult to
achieve. The wake-up procedure would also have to be carefully managed so that the current did
not exceed 100 mA until the buck was back in PWM mode. Assuming that this mode transition is not
possible, the buck will only operate in PWM mode.

In PWM mode the buck has a quiescent current of around 6 mA. So, with a 5 V input voltage, the
buck will consume approximately 30 mW.

In the system with two diodes, there will be a voltage drop of approximately 1.4 V across the diodes.
With the maximum 20 mA flowing there will be 28 mW dissipated in the diodes.

In the case of the single diode the dissipation in the diodes will be reduced to 14 mW.

If we compare the option with the two diodes to the option using the charger buck there is little
difference. The option with the single diode may be more efficient.

8 Conclusion

From the above measurements it can be concluded that it is not possible to have a seamless
switchover from DCIN to VBUS without a battery connected to the system. The recommended
solution when a system calls for a switch over to a sleep supply is to connect the main 5 V supply to
DCIN( or VBUS), while the 5 V sleep supply should be connected via a diode to VBAT (~4.3 V on
VBAT).

Application note Revision 1.3 18-nov-2015

CFR0014 Rev 3 9of 11 © 2015 Dialog Semiconductor



AN-PM-019

¢Jdialog

Seamless supply switchover for sleep modes.

Revision history

Revision Date Description

1.0 04-Mar-2013 Initial version.

11 20-Jul-2015 Updated to new template.

1.2 17-Nov-2015 Minor update of wording. Changed filename to make clearer
1.3 18-Nov-2015 Added other relevant Dialog devices to Abstract.

Application note

Revision 1.3 18-nov-2015

CFR0014 Rev 3

10 of 11 © 2015 Dialog Semiconductor




AN-PM-019

¢Jdialog

Seamless supply switchover for sleep modes.

Status definitions

Status Definition

DRAFT The content of this document is under review and subject to formal approval, which may result in
modifications or additions.

APPROVED The content of this document has been approved for publication.

or unmarked

Disclaimer

Information in this document is believed to be accurate and reliable. However, Dialog Semiconductor does not give any
representations or warranties, expressed or implied, as to the accuracy or completeness of such information. Dialog
Semiconductor furthermore takes no responsibility whatsoever for the content in this document if provided by any information
source outside of Dialog Semiconductor.

Dialog Semiconductor reserves the right to change without notice the information published in this document, including without
limitation the specification and the design of the related semiconductor products, software and applications.

Applications, software, and semiconductor products described in this document are for illustrative purposes only. Dialog
Semiconductor makes no representation or warranty that such applications, software and semiconductor products will be
suitable for the specified use without further testing or modification. Unless otherwise agreed in writing, such testing or
modification is the sole responsibility of the customer and Dialog Semiconductor excludes all liability in this respect.

Customer notes that nothing in this document may be construed as a license for customer to use the Dialog Semiconductor
products, software and applications referred to in this document. Such license must be separately sought by customer with

Dialog Semiconductor.

All use of Dialog Semiconductor products, software and applications referred to in this document are subject to Dialog
Semiconductor’'s Standard Terms and Conditions of Sale, unless otherwise stated.

© Dialog Semiconductor. All rights reserved.

RoHS Compliance

Dialog Semiconductor complies to European Directive 2001/95/EC and from 2 January 2013 onwards to European Directive
2011/65/EU concerning Restriction of Hazardous Substances (RoHS/RoHS2).
Dialog Semiconductor’s statement on RoHS can be found on the customer portal https://support.diasemi.com/. ROHS
certificates from our suppliers are available on request.

Contacting Dialog Semiconductor

United Kingdom (Headquarters)
Dialog Semiconductor (UK) LTD
Phone: +44 1793 757700

Germany
Dialog Semiconductor GmbH
Phone: +49 7021 805-0

The Netherlands
Dialog Semiconductor B.V.
Phone: +31 73 640 8822

Email:
enquiry@diasemi.com

Application note

North America

Dialog Semiconductor Inc.
Phone: +1 408 845 8500
Japan

Dialog Semiconductor K. K.
Phone: +81 3 5425 4567

Taiwan
Dialog Semiconductor Taiwan
Phone: +886 281 786 222

Web site:

www.dialog-semiconductor.com

Singapore
Dialog Semiconductor Singapore
Phone: +65 64 8499 29

Hong Kong

Dialog Semiconductor Hong Kong
Phone: +852 3769 5200

Korea

Dialog Semiconductor Korea
Phone: +82 2 3469 8200

Revision 1.3

China (Shenzhen)

Dialog Semiconductor China
Phone: +86 755 2981 3669
China (Shanghai)

Dialog Semiconductor China
Phone: +86 21 5424 9058

18-nov-2015

CFR0014 Rev 3

11of11

© 2015 Dialog Semiconductor



http://www.diasemi.com/terms.php
https://support.diasemi.com/

IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

© 2025 Renesas Electronics Corporation. All rights reserved.


https://www.renesas.com/contact-us
https://www.renesas.com

	Abstract
	Contents
	Figures
	1 Terms and definitions
	2 References
	3 Introduction
	4 Evaluation setup description
	5 DCIN to VBUS switchover evaluation
	6 DCIN to VBAT seamless switchover
	7 Energy efficiency
	8 Conclusion
	Revision history

