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High-Side Switches Paralleling Channels

Mahmoud Harmouch

ABSTRACT

The Smart High-Side Switch family from Texas Instruments can drive a diverse set of loads for different
systems. For some systems, the current demand is higher than the capacity for a single channel. One
possible solution is to parallel multiple channels within one device. Paralleling channels together provides
a means of increasing output current beyond the capabilities of a single channel. This application report
details the paralleling process and addresses the limitations to be considered for an optimized solution.
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Trademarks

All trademarks are the property of their respective owners.

1 Introduction
A single channel may have enough current capability to drive a steady-state load at low ambient
temperatures and keep the junction temperature below the maximum limit of 150°C. However, at higher
ambient temperatures, the load still may still demand the same load current. The physical limitation of any
semiconductor device should be considered due to an increase in on-resistance with temperature, which
can lead to even higher power losses. The additional power losses will manifest themselves in the form of
heat, and must be dissipated to keep the junction temperature below 150°C. This may require a heat sink,
which is an added cost to the system. The main reason for paralleling channels is to lower the on-
resistance, which will translate into lower power losses and will avoid an expensive heat sink. TI's high-
side power switches with multiple channels which may be paralleled include:
TPS4H160 TPS2H160
TPS4H000 TPS2HO000
TPS2HB08 TPS2HB16
TPS2HB35 TPS2HB50
These smart high-side switches with multiple channels are designed for use in 12-V automotive and 24-V
industrial systems. They offer full diagnostics, internal and programmable external current limit, and high
accuracy current sensing with no need for system calibration. They have the advantage of driving a single,
heavy load by paralleling all channels, multiple medium loads by paralleling some of the channels, and
driving light loads with single channels. Paralleling enables these devices to drive LEDs, solenoids,
capacitive loads and DC motors that exceed the current rating for a single channel. For complete feature
descriptions, refer to the device-specific data sheet.
2 Paralleling Channels: Definition
Paralleling channels means connecting multiple power FETs in parallel to source current to a single load.
The load current is shared and each channel carries the load current divided by the number of paralleled
channels. By paralleling channels, the equivalent on-resistance value is the on-resistance of a single
channel divided by the number of paralleled channels. The following sections highlight features supported
in this configuration, as well as limitations.
CAUTION
Tl recommends using the external current limiting for safe operation, and the
total load current must be limited to the internal specified current limit per
channel.
2 High-Side Switches Paralleling Channels SLVA949-April 2018
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Features and Considerations

3 Features and Considerations

The standard operation of the device is very similar when paralleling channels together. Table 1
summarizes the features and considerations for the device under this use case:

Table 1. System Features

Feature

Single Channel Operation

Paralleled Channels Operation

Maximum load current: |,

Limited by capability of single channel:

Ima>< single Ch

Up to the number of paralleled channels x current of a
single channel:
N x|

max single Ch

External programmable current limit

Controlled by external resistor

Controlled by external resistor, same limit for each
individual channel

Maximum short-circuit current

Limited by capability of single channel

Limited by capability of single channel. Maximum
current limit during short-circuit does not scale with
number of channels

Current sensing

Reported for individual channel

Reported for individual channel. Full load current will
be the addition of each current sense reading

Diagnostics: short to battery, short
to ground, open load (on and off
state)

Reported for individual channel

Globally reported, as the fault condition affects all
channels simultaneously

AECQ100-012 performance

Reported on the device-specific data sheet

Not tested

Inductive load demagnetization
energy

Reported on the device-specific data sheet

Not tested

4 Considerations When Connecting Channels in Parallel

The performance of channels connected in parallel is expected to work as the equivalent single channel in
terms of both power delivery and diagnostics.

INL OouT1
Enable IN2 out2
IN3 OuUT3
IN4 ouT4
TPS4H160

v

Rload

Figure 1. Input and Output Connections Using TPS4H160 as Example

Complete the following for optimal performance:
1. Connect the input pins of all paralleled channels close to the device.

2. Connect the output pins of all paralleled channels close to the device with minimum stray inductance.
3. Parameter tolerances such as on-resistance, current limit ratio, and voltage clamp must be taken into

consideration.

4. The programmed, maximum current limit per channel must be less than 1 / (Number of paralleled

channels) of the internal current limit of a single channel.

SLVA949-April 2018
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Figure 2. Representative of Using a High-Side Switch With 4 Channels in Parallel

Channels in parallel have the same voltage drop from input to output (VS — VOUT). The total current is the
sum of all the currents from each of the individual channels. The total resistance analysis is based on an
example with 4 channels in parallel. Figure 2 illustrates the connection of 4 paralleled channels at supply
voltage VS node and output VOUT node. The left side of Figure 2 shows 4 individual on-resistances and
currents. The right side of Figure 2 shows the equivalent on-resistance and the total current IOUT.

VS — VOUT = Ron(1) x 11 = Ron(2) x 12 = Ron(3) x I3 = Ron(4) x 14 = Ron(eq) x IOUT, see Figure 2 Q)

IOUT =11 + 12 + I3 + 14, see Figure 2 2)
In an ideal scenario, the currents are equally shared and the expected load current (IOUT) is 4 times the
single channel current. This is only true if the single channel on-resistances are exactly equal, but in reality

this is not the case. There is always some channel-to-channel on-resistance deviation, AR, which causes
an unbalanced load sharing. This deviation is due to process variation within the same device.

If the on-resistance of a single channel has a maximum tolerance of AR / Ron(typ), the maximum
individual current tolerance is 2x AR / Ron(typ). The nominal current in an individual channel is IOUT / 4,
where I0UT is the total output current going into the load. The lowest individual channel current is
calculated as Equation 3 shows, derived from Equation 1 and Equation 2:

IOUT[1 H|_4R |}

4 |Ron(typ)|
The highest individual channel current is calculated as Equation 4 shows, derived from Equation 1 and
Equation 2:

|OUT[1+2
4

©)

AR |]
Ron(typ)| @)
For reference, see Figure 2.

Process deviation within one device may be up to 10%. This leads to 10% on-resistance variation from
channel to channel.

With 4 paralleled channels, the lowest current in one individual channel, using Equation 3, is estimated
using Equation 5:
(1-0.2) I0UT _ 0.2xI10UT
4 (5)
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The highest individual current, using Equation 4, is found using Equation 6:

(1+02) 2 =03 xI0UT

where
e |OUT = the total load current (6)

Refer to Appendix A for detailed analysis on n paralleled channels.

6 Setting the External Current Limit

To provide the expected total current to the load, each individual channel must deliver its portion of
current. For that reason, the tolerances of different parameters must be considered while setting the
external current limit. When an individual channel reaches its current limit, the corresponding FET goes
into saturation region. Since all drains and sources of the FET are connected, the other FETs from the
remaining channels are forced into the saturation region as well. If the tolerances are not considered, the
load current can be switched off prematurely before the expected overcurrent or short-circuit limit has
reached.

EL HouTikeL

GND

Figure 3. Individual Current-Limit Function

The current limit function is a closed loop with a precise internal band-gap reference V(cL). The individual
channel load current is mirrored with a typical ratio of K(cL). By adding an external pulldown resistor,
R(cL), the closed loop equates the voltages at the inputs of the error amplifier. This results in Equation 7:

V(cL)=R(cL) @

where
* I represents an individual channel load current @)
The current ratio, K(cL), has a deviation of dK(cL) due to process variation. The maximum tolerance

(dK(cL) / K(cL)) is specified in the data sheet. The individual current limit is set by the external resistor
R(cL), and it can be calculated using Equation 8:
K(cL
R(cL)=V(cL) M
| ®
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The following analysis is based on 4 channels in parallel. The parameters needed to calculate the
tolerance are the individual channel load current I, and the ratio K(cL). This gives Equation 9:

K(cL)[u dK(CL)j

K(cL)

IOUT AR
1+2
4 ( Ron(typ)} ©)

To deliver the expected load current before reaching the current limit, R(cL) should be calculated with the
worst-case tolerances (see Equation 10):

K(cL)Ll—
AR |}
Ron(typ)| (10)

IOUT[
The load current lower limit from Equation 10 is shown in Equation 11:

4
dK(cL)
V(cL) K(CL) {1— J

K(cL)
R(cL
(cL) [“ L[ AR U
Ron(typ) 1)
At this limit, the expected current is delivered to the load while the FETs are in the linear region, before
any individual channel hits current limit. Equation 12 is derived from Equation 10:

dK(cL)
V(CL) K(CL) {1+ J

K(cL)
The total load current upper limit is IOUT =4
R(et) (,_,| 4R
Ron(typ) (12)

At this limit, there is an increase in junction temperature while the FETs are in linear and before any
individual channel hits current limit.

R(cL)=V(cL)

dK(cL)
K(cL)

The max value of R(cL)=V(cL)

IOUT =4

7 Diagnostics

Integrated diagnostic features report faults to the MCU. The types of faults detected include open load,
short to battery, overcurrent, thermal shutdown, thermal swing, and reverse polarity. Some high-side
switches have the option to report faults through an open drain status pin or through an analog current
sense pin. See the device-specific data sheet for details.

For devices that feature an analog current sense pin, the load current status is reported by selecting an
individual channel through logic input pins. Since the channels are paralleled, the diagnostics can be
simplified as Table 2 shows:

Table 2. Diagnostics Features

Diagnostics Feature Behavior When Channels are Paralleled

Open load

Short to battery No need to select individual channel for diagnostics. Since all channels are connected together,
Overcurrent the fault will be present on all channels.

Reverse polarity detection

Thermal swing Individual channel selection is required. A particular channel may reach the fault independently
Thermal shutdown from others.
6  High-Side Switches Paralleling Channels SLVA949-April 2018

Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA949

13 TEXAS

INSTRUMENTS
www.ti.com Inductive Load-Switching Off Clamp
Table 2. Diagnostics Features (continued)
Diagnostics Feature Behavior When Channels are Paralleled

Each individual channel reports load current independently. The current sense pin provides the
Load current in nominal condition | status of individual channels only. To report the total load current to the MCU, each individual
current must be selected and added.

8 Inductive Load-Switching Off Clamp

When switching off an inductive load, the inductive reactance pulls the output voltage negative due to high
L(dl / dt). Excessive negative voltage could cause the power FET to break down. To protect the power
FET, an internal Vds clamp (between the drain and source for an individual channel) is implemented. The
channel-to-channel clamp voltage has a big tolerance, and by paralleling channels the demagnetization
energy may not be shared across all channels. The worst case is when only one channel clamp is
activated. This causes all demagnetization energy to be dissipated in only one channel and that stress
may damage it. For example, if the demagnetization energy per channel is 100 mJ, the paralleled
channels demagnetization energy is 100 mJ as well. It is not the number of paralleled channels multiplied
by 100 mJ.

If the inductive load demagnetization energy (2LI1°%) is expected to be higher than the individual channel
switch-off energy, Tl recommends dissipating the demagnetization energy externally by adding an external
clamp circuit.

For an external clamp, Tl recommends using TVS and Shottky diodes between output paralleled channels
and system ground. Equation 13 helps to choose the correct TVS diode based on the supply voltage and
individual channel voltage clamp.

Vz(max) < Vclamp(min) — VS

where
« VSis the supply voltage
* Vclamp(min) is the individual channel voltage clamp lower limit
¢ Vz(max) is the TVS maximum clamp voltage (23)

Internal
Clamp

Io0UT

External
Clamp Vz
Load

4
Figure 4. Inductive Load External Clamp
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9

10

10.1

10.2

Thermal in Short-Circuit Conditions

Parallel channels by connecting all FET drains and sources together. The voltage across all FETs is the
same. The current limit for individual channels cannot be the same due to process variation. Once one
channel hits the current limit, the current is forced into other channels and they, in turn, enter the current
limit one by one. For a short time, the short-circuit current flows entirely in the lowest impedance channel.
This may cause a tremendous temperature rise in one channel. To avoid this issue, the load current
should be externally limited to the single-channel maximum internal current limit. For example, in a 4-
channel device where the single-channel internal current limit is 14 A, the total load current must be
limited to 14 A.

Design Example Using TPS4H160

This section describes how to configure the 4-channel TPS4H160-Q1 device in parallel to increase load-
current capacity.

Example Design Requirements

Table 3. Design Requirements

Supply Voltage, VS 135V
Ambient temperature, T, maximum 105°C
Total load current, IOUT 4A

Circuit Design

The TPS4H160-Q1 device features a typical Rygq, 0f 165 mQ per channel at 25°C ambient and 280 mQ
at a junction temperature of 150°C. The channel-to-channel deviation (AR) is £10% due to process
variation. As this design features a 4-channel high-side switch and the design requirements call for 4 A of
total load current, each channel needs to drive a typical current-per-channel of 1 A. The TPS4H160-Q1
device is a good selection for this design because the junction-to-ambient thermal resistance, 0,,, is
32.7°C/W and the maximum on-resistance is 280 mQ per channel at a junction temperature of 150°C.

Ron 0.28
The maximum power dissipation at 4 A is Pd = 3 = IOUT? = 4 Qx4A*=1.12W,

The junction to ambient temperature increase is 0,, x Py = 32.7°C/W x 1.12 W = 36.6°C.
The maximum junction temperature at 105°C ambientis T, =T, + 0,, X P, = 105°C + 36.6°C = 141.6°C.
Next, calculate the minimum and maximum current per channel:

1+ 2|
|Ron(typ)|

ouUT(, .| AR |
The minimum current per channelis 4 |Ron(typ)|
This means that after taking the tolerances on each individual channel, the load current can vary

anywhere between 0.8 A and 1.2 A. This channel-to-channel current variation is still within the device
specification in terms of current capability and junction temperature.

IOUT(

AR |} 4A
The maximum current per channelis 4

== (1+2x0.1)=1.2A

]:%?U—ZXQD:OBA

Equation 10 is then used to calculate the value of the external current-limiting resistor. The values for KcL,
dKcL/KcL, V(cL) and Ron(typ) are found in the device-specific data sheet.

Table 4. Device Parameters

Kcl 2500
dKcL/KcL 15%
V(cL) 0.8V

High-Side Switches Paralleling Channels SLVA949-April 2018
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Table 4. Device Parameters (continued)
Ron(typ) 165 mQ
Ron maximum at T, = 150°C 280 mQ
Maximum junction temperature T, 150°C
Junction-to-ambient temperature 0,, 32.7°C/W

The external current limit resistor, RcL, is calculated as Equation 14:

dK(cL)
K(cL)|1-
K(cL) 2500 (1-0.15)
V(cL) =08V 1 =141660
lout(, .| AR | 4R (14 2x01)
1+2 4
4 IRon(typ)| (14)
After paralleling all 4 channels, the effective minimum and maximum short-circuit current limits for the
system must be calculated.
The short-circuit current upper limit is formula is shown in Equation 15:
dK(cL
K(cL) 1+ ( )
V(cL) K(cL) 0.8V 2500 (1+0.15)
4 =4 =8.12 A
R(cL) {1 AR D 14166 Q@ (1-2x0.1)
Ron(typ) (15)
The short-circuit current lower limit is calculated by using Equation 16:
dK(cL
K(CL) 1- ( )
V(cL) K(cL) 0.8V 2500 (1-0.15)
4 =4 =4.001A
R(cL) (1 ,| 4R ] 1416.6 @ (1+2x0.1)
+ -
Ron(typ) (16)
Table 5 shows the summary of the calculated performance for this system. Table 6 shows actual
measured performance.
Table 5. Design Target Parameters
Supply External Limiting Load Current Current per Channel Short-Circuit Current
Voltage Resistor MIN MAX MIN MAX
13.5V 1416.6 Q 4A 0.8A 12A 4.01 A 8.12 A
Table 6. Design Target Parameters
Supply External Limiting Resistor Load Current Current per Channel Short-Circuit Current
Voltage MIN MAX
13.5V 1.4 kQ 4A 0.951 A 1.01 A 5A
NOTE: Consider equipment tolerances when taking measurements.
SLVA949-April 2018 High-Side Switches Paralleling Channels 9
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In Figure 5, scope probe 1 is the output voltage measuring 13 V. Scope current probe 2 is the highest
individual current channel measuring 1.01 A. Scope current probe 3 is the lowest individual current
channel measuring 0.951 A. Scope current probe 4, set to 5 A/V, is total load current measuring 4.03 A.
Individual channel currents are within the design target.

Tek Stop [ T

1y =]

Dot «

3 T
D@ oy

@ soomi 4.00ps 2.506S/s [1 393
D r W-v0.000000s 1M points 0.00 Y

& Mean 13.0¥

@ Mean 1.014 ™ 21Dec 2017
00:57:37

Figure 5. Scope of Output Voltage, Individual Load Currents, and Total Load Current

Figure 6 is the same as Figure 5. It is made more visual by expanding the voltage and current scales and
also referencing the individual current to the same ground.

Tek Stop [ o
b4
TH
D vout “
B
INNT
& S50V & @ 200mh &  |[4.00ps 2.5065/s o 21 Dec 2017
g i3-70.000000s 1M points 0.00 ¥ 01:01:43

Expanded voltage and current scales and also referenced the individual current to the same ground.

Figure 6. Different View of Output Voltage, Individual Load Currents, and Total Load Current
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Figure 7 shows the overload trip. The total load current limit is 5 A and it is as expected within the design
target.
Tek Stop ; 1 = |
u
o W W W W W .
f ¢ 1] f ly |
Bin
@it ¢ i ¢ i | ]
Fj 500V & @ S00mA & ]E.rmms 777777 100MS/s & X ][ 21 Dec 2017]
W+ ¥1.980000ms 1M points 1.50Y 01:13:35

Figure 7. Design Example Overload Load Current Trip Point

11 Summary

Higher load current can be achieved by paralleling channels across multi-channel high-side power switch
devices. For optimal design, parameter tolerances and device specification must be taken into
consideration. Overall design parameters should be calculated following the provided equations in this
document.
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A.l Four Paralleled Channels

Ron(1)

> VS Ron(eq) VOUT
Vs 12 u_|_ VOUT > I

10UT

I0UT

A 4

Rload§ = Rload §
v

v

GND GND

Figure 8. Using a High-Side Switch With 4 Channels in Parallel

Voltage difference across channels in parallel:

VS — VOUT = Ron(1) x I1
VS — VOUT = Ron(2) x 12
VS — VOUT = Ron(3) x I3
VS — VOUT = Ron(4) x |4

VS — VOUT = Ron(n) x In
VS — VOUT = Ron(eq) x IOUT

Equivalent on-resistance:

1 1 1 1 1 L1
Ron(eq) Ron(1) Ron(2) Ron(3) Ron(4) = Ron(n) 17)
Ron(1), Ron(2), Ron(3), and Ron(4) have a maximum variation of AR relative to the individual channel
Ron(typ):
1 1 1 1 1 1

= + + + .
Ron(eq) Ron(typ)+AR Ron(typ)+AR Ron(typ)+AR Ron(typ)+ AR Ron(typ) + AR (18)

12 High-Side Switches Paralleling Channels SLVA949-April 2018
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AR / Ron(typ) is the tolerance of the individual channel on-resistance relative to Ron(typ):

11 1 . 1 . 1 . 1
Ron(eq) Ron(typ) 1+ AR 14 AR 1+ AR 1+ AR
Ron(typ) Ron(typ) Ron(typ) Ron(typ) (19)
Because AR / Ron(typ) is small relative to 1, the Taylor formula can be applied.
1 . MR
1. AR Ron(typ)
Ron(eq) 20)

Equation 19 and Equation 20 are resolved as Equation 21:

11 (n_nx AR J: 4 (1_ ARJ
Ron(eq) Ron(typ) Ron(typ) /| Ron(typ) Ron(typ) (21)

The equivalent on-resistance in terms of individual channel typical on-resistance and variation is:

Ron(eq):ROantyp){lJr AR J

Ron(typ) (22)
Any individual channel current calculation:
Ron(e Ron(t
1= ﬂ x |OUT = ( yp) 1+ AR x ! IOUT
Ron(1) Ron(typ) AR
Ron(typ) x| 1+ =
Ron(typ) 23)
Ron(e
= —( q) x |OUT = IoUT + AR X 1
Ron(1) n Ron(typ) (l AR ]
+ -
Ron(typ) (24)
The individual current channel in terms of load current, typical on-resistance and its variation is:
1o IOUT 142 AR
n Ron(typ) 25)
A.2  Four Paralleled Channels
o . I1=IOUT 142 AR
The individual current channel is: 4 Ron(typ)
A.3  Three Paralleled Channels
_lout N AR
The individual current channel is: =~ 3 Ron(typ)
A.4  Two Paralleled Channels
_lout N AR
The individual current channel is: ~ 2 Ron(typ)
SLVA949-April 2018 High-Side Switches Paralleling Channels 13
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reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
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this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm

	High-Side Switches Paralleling Channels
	1 Introduction
	2 Paralleling Channels: Definition
	3 Features and Considerations
	4 Considerations When Connecting Channels in Parallel
	5 Current Sharing
	6 Setting the External Current Limit
	7 Diagnostics
	8 Inductive Load-Switching Off Clamp
	9 Thermal in Short-Circuit Conditions
	10 Design Example Using TPS4H160
	10.1 Example Design Requirements
	10.2 Circuit Design

	11 Summary
	Appendix A 
	A.1 Four Paralleled Channels
	A.2 Four Paralleled Channels
	A.3 Three Paralleled Channels
	A.4 Two Paralleled Channels


	Important Notice

