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Summary
Single Channel Smart load switch provides a component and area-reducing solution for efficient power domain switching. In addition to
integrated control functionality with ultra-low on−resistance (<15 mΩ), this device offers system safeguards and monitoring via the fault
protection (Short circuit protection, SCP) and power good signal. This cost effective solution is ideal for power management and hot-swap
applications requiring low power consumption in a small footprint.

The Basic Smart Load Switch
Integrated smart load switch contain an integrated Power MOSFET that allows power to be delivered from VIN to VOUT when pulling EN
high.
Figure1 shows a general block diagram representing the primary functions of a Smart Load Switch
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Figure 1. Basic Smart Load Switch

The integrated Power MOSFET is the primary component of the Smart Load Switch. All other blocks shown in Figure1 support the Power
MOSFET in its function of delivering power from VIN (input) to VOUT (output).
Charge Pump -The charge pump provides the voltage and current to charge the Power MOSFET gate when turning the Power MOSFET
on, minimizing the on-resistance of the Power MOSFET.
Delay and Slew Rate control -Turning on the Power MOSFET too quickly can damage the output device by producing an in-rush current
spike to deliver the output device. The charging of a Smart Load Switch for Power MOSFET gate is controlled, thereby controlling the inrush current and the rise time of the VOUT voltage.
Control Logic -The control logic block dictates the timing and order of faults, turn on, and turn off events. The EN signal enables the control
logic.
Fault Protection - Thermal protection, under-voltage lockout (UVLO), and short circuit protection (SCP) are offered on many Smart Load
Switch products.
Bleed Resistor -The internal bleed resistor allows for fast discharge of the output load and is controlled by the control logic.
All of these features play a part in the load switch function. Many Smart Load Switch families are offered the system designer with the
optimal fit for their application.
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The Load Switch Parameter
There are six key parameters (On resistance, Max V OUT Current, Response Time, Quiescent Current, Leakage current, and V IN Operation
Range) that a system designer should consider when using an integrated Power MOSFET based load switch.
On Resistance
On resistance is directly in-line, source to Load. The voltage drop from V IN to VOUT of the load switch and power loss are directly
proportional to the load switch’s on-resistance. Actually, the lower on-resistance is the better. A reduction in this resistance results in direct
power saving.
Max VOUT Current
Load switch are limited in the amount of current they can deliver the load. This is inherent due to the parasitic on-resistance of the power
MOSFET. Current through a resistance dissipates power through heat. Un-dissipated high levels of sustained heat damages load switch.
Larger Power MOSFETs are able to supply more current to the load, however, a larger Power MOSFET inherently has larger gate
capacitance and requires more energy and time to turn on.
Response Time
Response time relates to turn ON/OFF timing, and fault protection timing. The size of the load switch Power MOSFET is directly
proportional to the energy and time it takes to turn it on. Power used to charge the gate of the Power MOSFET finally consumes the power
budget of the system. Most applications of the load switch benefit from a slower transition from OFF to ON.
Quiescent Current
Quiescent current is defined by the amount of the current the load switch uses when it is statically on, or off. This is in addition to any power
consumer by the load switch when the Power MOSFET is on, and should be minimized.
Leakage Current
Leakage current from the VIN to VOUT when the load switch is OFF also consume the system power budget. Smart Load switches are
designed to supply the very small leakage current.
VIN Operation Range
The VIN Operation Range of the load switch should be bigger than the application V IN supply range to provide margin. The Smart Load
Switch offers the minimum voltage of 1V and lower, with maximum voltage to support 5V and 12V applications.

The Advantage of Smart Load Switch
Controlled Power On/Power Off
A load circuit is at the mercy of supply transients that could be unpredictable upon power up and power down. The Smart Load Switch
prevents in-rush current spikes and ramps the supply voltage to the load in a controlled fashion. This is ideal for hot-swap application where
transients for power up and power down are unpredictable. On power up, the Smart Load Switch provides a soft start, where the slew rate
is controlled. The Smart Load Switch products are available with programmable slew rate control.
Economic Cost
A discrete implementation providing base functionality uses various components, adding cost to the build of materials and PCB real estate
to the design. The Smart Load Switch comes in package options from 2x2 mm to 3x3 mm. At a part of the cost, the Smart Load Switch
provides a best solution in class performance with additional features. Figure2 shows DML3009 is an example implementation for solution.

Figure 2. Basic Smart Load Switch
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Reduced Leakage Current
Reduced Leakage Current
Many system designs have multiple power domains supplying sub-systems that are not needed 100% of the time. Non-critical sub-systems
could be powered off by using the Smart Load Switch. This decreases the leakage current from the powered off sub-system. Load Switches
also allow for controlled sequencing of sub-systems.
System protection
Load Switches could prevent damage to system loads and supplies by disconnecting them in the event of an otherwise catastrophic failure.
The Smart Load Switch provides the following:
￭ The short circuit protection features protect the device and system from sudden peak-current events, such as VOUT being shorted to
ground or load malfunction.
￭ Undervoltage lockout (UVLO) prevents a connection from VIN to VOUT when the supply voltage is too low.
￭ Overtemperature protection (OTP) could stop the connection from V IN to VOUT if the junction temperature of the Smart Load Switch
exceeds 145℃ to protect the device, system, and supply in the event of an incorrect connection or over heating device.

Examples for Design and Application
Load Switches could be used in a wide variety of applications. The Smart Load Switch series strengthen the application spectrum. The
following example below shows typical load switch applications. Load switches allow for controlled safe power multiplexing.

Figure3. Basic Diagram Showing Supply Domain Management Using the Smart Load Switch

Figure 3 show 1 supply multiplexed to 3 loads. A system controller signal could be used in this application to drive the EN pin to control
which load gets power and when to turn on. The power for each load could be connected or disconnected to load level for the system power
and boost efficiency.

Basic Load Switch Calculations
The following calculations could be used when determining the specifications required the load switch.
Voltage Drop
Voltage drop requirements from VIN to VOUT dictate the acceptable Ron specification. Use equation1 to determine acceptable Ron
maximum.
𝑉𝐷𝑅𝑂𝑃
𝐼𝑂𝑈𝑇

𝑅𝑂𝑁,𝑀𝐴𝑋 =

(𝑒𝑞. 1)

In-rush Current
The total load capacitance presented to the load switch determines the in-rush current where the initial current (IOUT at t=0) is very large.
The Smart Load Switch has slew rate control (or soft start) to limit the initial current to a known acceptable value which meets the
corresponding SOA curve. Equation 2 below is used to define the controlled in-rush current.
Iin−rush −=

𝑑𝑣
× 𝐶𝐿 (𝑒𝑞. 2)
𝑑𝑡

Where:
dv/dt is the slew rate setting, programmable on most Smart Load Switch series
CL is the total capacitive load

AN1177 – Rev 1
Application Note

3 of 5
www.diodes.com

October 2022
© Diodes Incorporated

AN1177
Power Dissipation
Equation 3 below is used to calculate the total power dissipation of the load when delivered through the load switch.
P𝐷 = VIN × 𝐼𝑄 + 𝐼𝑂𝑈𝑇 2 × 𝑅𝑂𝑁 (𝑒𝑞. 3)
Where:
VIN is the input supply voltage
IQ is the quiescent current
IOUT is the output current
RON is the on resistance of the load switch
When the load switch is disabled , is limited to the standby current, and is limited to any leakage current from V IN to VOUT through the
disabled load switch, which is quickly bled down as any charge held by the total load capacitance is discharged through the Smart Load
Switch internal bleed resistor.

DML30XX Series Evolution and Feature

Power Sequence
The first generation for DML 30xxSeries can only support a power sequence:
VVCC VINVEN
The second generation for DML30xx Series can support two sequences:
1.) VVCC VINVEN
2.) VIN  VVCC VEN
Every power sequence interval must keep minimum 100us for all DML30xx series. Figure 4 show real waveforms for those two power
sequences. Because of mass production, other power sequences could have some unknown application risk. If customer application must
use other sequenced as system design, we suggest FAE discuss the rise time and interval of the customer setting sequence with IC
designer. Let IC designer confirm and reply this power sequence from circuit design and simulation.
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IMPORTANT NOTICE
1.
DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
WITH REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).
2.
The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’
products described herein and application examples. Diodes does not assume any liability arising out of the application or use of this
document or any product described herein. This document is intended for skilled and technically trained engineering customers and users
who design with Diodes’ products. Diodes’ products may be used to facilitate safety-related applications; however, in all instances
customers and users are responsible for (a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of
Diodes’ products for their intended applications, (c) ensuring their applications, which incorporate Diodes’ products, comply the applicable
legal and regulatory requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate
safeguards (including testing, validation, quality control techniques, redundancy, malfunction prevention, and appropriate treatment for
aging degradation) to minimize the risks associated with their applications.
3.
Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by
Diodes from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated
with such use, and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all
damages and liabilities.
4.
Products described herein may be covered by one or more United States, international or foreign patents and pending patent
applications. Product names and markings noted herein may also be covered by one or more United States, international or foreign
trademarks and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any
third parties (including third parties whose products and services may be described in this document or on Diodes’ website) under this
document.
5.
Diodes’
products
are
provided
subject
to
Diodes’
Standard
Terms
and
Conditions
of
Sale
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document
does not alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or accept any liability whatsoever in
respect of any products purchased through unauthorized sales channel.
6.
Diodes’ products and technology may not be used for or incorporated into any products or systems whose manufacture, use or
sale is prohibited under any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any
applicable laws or regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any
damages, losses or penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its
representatives and agents harmless against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly,
any claim relating to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application.
7.
While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may
contain technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is
error-free and Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves
the right to make modifications, enhancements, improvements, corrections or other changes without further notice to this document and any
product described herein. This document is written in English but may be translated into multiple languages for reference. Only the English
version of this document is the final and determinative format released by Diodes.
8.
Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such
unauthorized use.
9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-andconditions/important-notice

DIODES is a trademark of Diodes Incorporated in the United States and other countries.
The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.
© 2022 Diodes Incorporated. All Rights Reserved.
www.diodes.com
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