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Overcurrent protection function and reverse
current prevention function of the load
switch IC

Outline

The load switch is a switch used to turn on and off the power line. Various protection functions
are integrated into a Load Switch ICs.
This document explains the overcurrent protection function and backflow prevention function,
which are the most requested functions.
- Overcurrent protection function: A function to protect the elements of the load from damage
when a load current exceeding the expected value flows in the event of an abnormality.
- Backflow prevention function: Function to prevent current from flowing backward when the
voltage on the output side becomes higher than the input side
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1. Introduction

The load switch ICs are used in various electronic devices to switch power lines on and off. For
example, the load switch ICs are used between the PMIC(Power Management IC) and the load as
shown in Fig. 1.1.1. Although discrete load switch circuits, such as MOSFET, may be used to switch
power lines on and off, the use of load switch ICs can save more space than discrete load switch
circuit. Load switch ICs have a variety of additional functions, making them suitable for use in
complex and compact mobile devices such as smartphones.

Among the additional functions of the load switch IC, a particularly important function is the
protection function. For example, if an error occurs in the power supply line and an overcurrent
flows too much than expected at the time of device design, or if the voltage on the IC output side
becomes larger than that on the input side and the reverse current is occurred, the devices
connected to the power supply line may be damaged, and measures are necessary. For this
reason, this application note discusses the overcurrent protection that protects the load switch IC
from excessive current flow, and the reverse current blocking that prevents reverse current. The
purpose of this application note is to assist in the design of electronic devices.

Load

Switch IC

Example of functions of load switch IC

B Inrush current reduction
Slew rate control

Over temperature protection
Overcurrent protection
Reverse current blocking
Output discharge

Control

Fig.1.1.1 Using the load switch IC
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2. Overcurrent Protection

2.1. What is the Overcurrent Protection?

The overcurrent protection of the load switch IC protects the power supply line from excessive
current flow. This section explains the case where this function is required by exemplifying the
case where a plurality of SoCs for WiFi are ON/OFF as described above. In Fig. 2.1.1, the load-
switch ICs are used to turn off the WiFi SoCs when the communication function is not needed to
save power. At this time, the overcurrent protection function is useful for the following purposes.

@ Load switch ICs and input-side PMIC protections
The load switch IC has an overcurrent protecting function to limit the current when an

overcurrent occurs due to an abnormal load change such as an unintentional short-circuit mode
at the output terminal. This function can reduce the risk of damage to the load switch IC itself and
the PMIC due to heat generated by the current.

® Reducing system downtime due to PMIC output-voltage drop

If an irregular situation occurs in which the WiFi SoC is turned on at the same time, such as an
error in control timings, when only one SoC is used to operate the WiFi SoC at the time of
communication, the current may suddenly increase and the output voltage may drop beyond the
current supply capability of the PMIC. Since lowering the output voltage of the PMIC may result in
system down, the load switch ICs have a current limiting function to prevent the output voltage
of the PMIC from lowering even when the load switch ICs are abnormal.

Load
Switch IC

Fig.2.1.1 ON/OFF of a plurality of loads with load switch ICs
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2.2. Operation of the Overcurrent Protection

The Toshiba Load Switch IC employs a foldback type protection circuit control system. Figure
2.2.1 shows the operation. If the output current (Iout) increases when an error such as a short-
circuit occurs at the output of the IC, the Iour increases from point A. When the output reaches
the limit current (Ic.) at point B, the Iout does not increase due to the current limiter, and the
output voltage (Vour) drops to point C. When the Vour drops to point C, the foldback circuitry
reduces both Vour and Iour. At this time, the current at point D at which the Vour is zeroed is called

the short-circuit current (Isc).
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Fig.2.2.1 Operation of the Overcurrent Protection
As shown in Table 2.2.1, Toshiba's Load Switch IC offers a wide range of output-limited
currents of 400mA to 1540mA, with overcurrent protection. Fig. 2.2.2 shows the
characteristics of foldback circuit as an example of the characteristics when the actual
overcurrent protection function works. Select the product according to the required output
limit current.

Table.2.2.1 TOSHIBA Load Switch IC with OCP

Function [TCK22946G | éTCKéZQEﬂGi %‘gggg%
46 TCK22891G | | TCK22892G | |
Part Number OCP* :gBe dQulzput UVLO C;)nFrol 35 — — —T
ischarge ogic SR ;-/ _'?/ T
TCK22946G v v v |Active High| = : H )
400 mA — ~ s I
TCK22891G N/A v N/A | Active High 2 [
. )
TCK22951G a0 A v v v | Active High z 2 ’:' /
m. H
TCK22892G N/A v N/A_|Active High| § s : f/ L T,
1110 mA — 5 1 7
TCK22893G N/A v N/A |Active High| 2 4 //
= 05 +
TCK1024G v v v |Activenigh| ©
1540 mA .
TCK22894G N/A v N/A | Active High h - 1 - ;
*OCP:Overcurrent Protection Output current loyr (A)
Fig.2.2.2Characteristics of foldback circuit
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3. Reverse Current Blocking
3.1. What is Reverse Current Blocking?

The function to prevent reverse current when the voltage (Vour) at the output side of the load
switch IC becomes higher than the voltage (Viv) at the input side (Voutr > Vi) is used to prevent
reverse current. Causes for the voltage on the output side to become higher than that on the input
side include, for example, a case in which electric charge remains on the power supply line on the
output side when the connector of the power supply is disconnected, and a case in which the
power multiplexer is configured by the load switch circuit as shown in Fig. 3.1.1. If backflow
countermeasures are not taken in the load switch circuit, the switch itself and the power supply
circuit on the input terminal side may be damaged if backflow occurs.

Load switch circuit (1)

If the load switch circuit (2)
does not take countermeasures
against reverse current ,
reverse current is generated.

./ IREVERSE

oV Load switch circuit (2)

Fig.3.1.1Example of Power Multiplexer Configurations

3.2. Cause of Reverse Current

When the load switch circuit is configured with a discrete configuration of a single MOSFET circuit
as shown in Fig. 3.2.1, the body diode (parasitic diode) of the MOSFET causes a reverse current
to flow when the output-side voltage is higher than the input-side voltage.

I;-l[ VERSE
input (-) | output (+)
o, T O

Fig.3.2.1 Reverse current of MOSFET

3.3. Countermeasures

In the load switch circuit, the following countermeasures are considered.

® Adding a diode to the output path (Fig. 3.3.1)
® Adding a MOSFET to the output path (Fig. 3.3.2)
® Using a load switch IC with a reverse current blocking (Fig. 3.3.3)
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—Ki— i b
input (-) output (+) input ()

Loutput (+) input () ARl output (+)
O o, 7 Yy O 0 with Reverse ®
T Current Blocking
[ I I
Fig.3.3.1 Added Diode Fig.3.3.2 Added MOSFET Fig.3.3.3 Using the Load Switch IC

Among the above measures, the addition of diodes causes a problem that the voltage drops when
the voltage passes through the diodes in the forward direction, while the addition of MOSFET
causes a problem that the on-resistance (Ron) increases. Both will increase in size due to the need
for additional parts. On the other hand, the load switch IC with the reverse current blocking
function has an optimum countermeasure circuit inside the IC, and it is possible to carry out the
backflow prevention countermeasure in a small size and easily.

3.4. Operation of the Reverse Current Blocking

The reverse current blocking function of the load switch IC generally works only when the load
switch IC is turned off. Fig. 3.4.1 is a block diagram of Toshiba's load-switch ICs using TCK207G,
which is one of the low-voltage, low-on-resistance line-up. As shown in Table 3.4.1, the TCK207G
turns off between the Viy terminal and the Vout terminal when the CONTROL terminal is set to
Low, and the reverse current blocking function is enabled when the CONTROL terminal is set to
Low.

Reverse current

are prevented by Table 3.4.1 TCK20xG Series
TCK207G. Part Auto-
RCB* _ CONTROL
Tneverse Number discharge
}«7 TCK206G v N/A Active High
e oy TCK207G v v Active High
Cliv |
TCK207
C 0 G TCK208G v v Active Low
[ CONTROL GND

*RCB:Reverse Current Blocking

Fig. 3.4.1 Using TCK207G

Fig. 3.4.2 shows the reverse current characteristics when a voltage is applied to the output when
the reverse current blocking function of the TCK207G is enabled. As shown in the figure, the
reverse current does not flow even when the voltage is applied to the output with the Viy =0V.

10

V=0V

a @

N

Reverse Current
Ireverse (HA)
N

o

0 0.6 1.2 1.8 2.4 3 3.6
OUTPUT Voltage Vgt (V)

Fig. 3.4.2 Reverse current characteristics of TCK207G

© 2019-2021 7 2021-03-26

Toshiba Electronic Devices & Storage Corporation



TDSH'BA Overcurrent protection function and reverse
current prevention function of the load switch IC
Application Note

Fig. 3.4.3 shows the configuration of the power multiplexer in TCK206G. When the 5V on the
power supply 1 side is supplied to the load, the TCK206G connected to the power supply 2 side
needs to be turned off. However, a 5V is applied to the output side of the IC, so that the reverse
current blocking function of the TCK206G is useful.

When you configure the power multiplexer shown in Fig. 3.4.3, if you select a load switch IC with
a discharge circuit that connects the Vour and GND when the power multiplexer is turned off, such
as TCK207G, current will continue to leak from the discharge circuit of the load switch IC to GND.
Therefore, when configuring the power multiplexer with the load switch IC, caution must be
exercised, such as selecting a product that does not have a discharge function.

VIN VDUT

TCK206G

RIS CONTROL GND),
3.3V

Vin Vour Reverse current are

TCK206G |y prevented by reverse
CONTROL GND| current blocking.

Fig. 3.4.3 Using TCK206G for multiplexer

3.5. True Reverse Current Blocking

However, the function of the load switch IC to prevent reverse current from the output terminal
to the input terminal is also available regardless of the ON/OFF of the load switch IC. This function
is called a true reverse current blocking function. The load-switch IC with the true reverse current
blocking function compares the input voltage (Vin) with the output voltage (Vour) in the IC, and
the backflow prevention circuit works when Vour>Vin. Fig. 3.5.1 shows the operation of the true
reverse current blocking in detail. When Vour>Vin, the reverse current (Ireverse) starts to flow.
However, care must be taken to prevent Ireverse when the difference between Vour and Vin
becomes the reverse current blocking operating voltage (Vrs), as shown in (1) of Fig. 3.5.1. In
addition, when Vi is raised again while the backflow prevention circuit is operating, and Vin
becomes larger than Vour by the reverse current blocking return voltage (Vrer) as shown in (2),
the backflow prevention circuit stops operating and the forward current (Irorwarp) begins to flow.
The maximum-value Ipeak Of the reverse current can be calculated by the following equation.

VrB
Ippak = Ron *Ron : ON resistance of load switch IC
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\\IVRB I/

IS Viy .~
AP | JEE « Vgre : Reverse blocking voltage threshold
loeak Vpar | Reverse blocking release voltage threshold
A Ireverse © Reverse current
| Reverse

Irorwaro = Forward current

I FORWARD /

(1) (2)

Fig. 3.5.1 Operation Image of True Reverse Current Blocking

Fig. 3.5.2 shows the reverse current characteristics of the actual true reverse current blocking in
TCK111G, which is a Toshiba Load Switch IC with a true reverse current blocking. As indicated by
the line (1), the Ireverse increases as the difference (Vour-Vin) between the output voltage and the
input voltage increases. However, the reverse current blocking works at the point A, which is a
difference of about 40mV, and the Ireverse does not flow. As indicated by the line (2), after the
backflow prevention circuit is activated, the backflow prevention circuit stops at the point B where
Vin is approximately 30mV larger than Vour, and current begins to flow in the forward direction.

(o))

N

N

1
N

Reverse Current Izgyerse (A)
A o

1
(@)}

-0.06 -0.04 -0.02 0  0.02 0.04 0.06
VOUT_VIN(V)

Fig. 3.5.2 Reverse current characteristics of TCK111G
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4. Conclusion

This application note describes the overcurrent protection and the reverse current blocking,
which are important as the protection function of the load switch IC. Load switch ICs are not only
smaller in size than discrete components, but also offer a variety of additional functions, including
protection. These additional functions contribute not only to the characteristics of the product, but
also to the improvement of the quality and performance of the equipment. We hope that this
document will be referred to and that our load switch IC will be utilized.

We have developed a load switch IC with various additional functions. Please visit the following
product introduction site.

OToshiba’s load switch IC with overcurrent protection

Feature

Product HP

Click
Click

Click
Click

Click
Click

Part Number Ron(typ) | Ronttyp) Aut
on(Lyp. on(typ. uto- .
OCP Vin wWi=1.8V | *Vp=5v RCB Discharge UVvVLO TSD | Control logic

TCK22946G 11to JTrue v

400 mA 70mQ 31mQ v v | Active High
TCK22891G 5.5V N/A N/A
TCK22951G 1.4 to YTrue v

740 mA 70mQ 31mQ v v | Active High
TCK22892G 5.5V N/A N/A
TCK2065G 1.4 to YTrue v

1110 mA 70mQ 31mQ v v | Active High
TCK22893G 5.5V N/A N/A
TCK1024G 14to JTrue v

1540 mA 70mQ 31mQ v v | Active High
TCK22894G 5.5V N/A N/A

Click

Click

OToshiba’s load switch IC with reverse current protection in this application note

Feature

Part Number Aut Product
uto- . roauc
OCP Vin Ron(typ.) | Ron(typ.) RCB Discharge UVvVLO TSD | Control logic lout HP
TCK206G N/A
0.75V to | 18.4ma | 18.1ma | Y Active High " |
TCK207G N/A ' ' ' OFF v N/A | N/A 2A max '
/ 3.6V *Vin=0.75V | *Vy=3.3V onl / /
TCK208G Y v Active Low
TCK111G 1.1t 8.5mQ 8.3mQ N/A C|iCk
N/A ° m M2 sTre N/A v | Active High | 3Amax —+
TCK112G 5.5V | *vp=1.1v | *vp=5.0v v
OToshiba’s other load switch IC line-up
OLoad switch IC application note :
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6. RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA".
Hardware, software and systems described in this document are collectively referred to as “Product”.

o TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware,
software and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of
human life, bodily injury or damage to property, including data loss or corruption. Before customers use the Product, create
designs including the Product, or incorporate the Product into their own applications, customers must also refer to and comply
with (a) the latest versions of all relevant TOSHIBA information, including without limitation, this document, the specifications,
the data sheets and application notes for Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor
Reliability Handbook" and (b) the instructions for the application with which the Product will be used with or for. Customers are
solely responsible for all aspects of their own product design or applications, including but not limited to (a) determining the
appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the applicability of any
information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other
referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

e PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without
limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting
medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment,
equipment used to control combustions or explosions, safety devices, elevators and escalators, and devices related to power
plant. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please
contact your TOSHIBA sales representative or contact us via our website.

¢ Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

e Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under
any applicable laws or regulations.

¢ The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for
any infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No
license to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

e ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER,
INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND
(2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT,
OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

e Do not use or otherwise make available Product or related software or technology for any military purposes, including without
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). Product and related software and technology may be controlled under the
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and
the U.S. Export Administration Regulations. Export and re-export of Product or related software or technology are strictly
prohibited except in compliance with all applicable export laws and regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of
Product. Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES
OR LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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