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1 System Description

Users can expand the functionality of existing load switches by placing multiple channels in a parallel
configuration. This Tl Design demonstrates two examples of paralleling load switches.

1.1 Dual TPS22966

The first example uses both channels of the dual-channel TPS22966 for a total output current of 10 A.

TPS22966
VIN1 VOUT1
ON1 VBIAS
VBIAS
CT1
] CT2
Vin ON L Vour
ON2 -
VIN2 gND VOUT2
Figure 1. Dual TPS22966 Block Diagram
1.1.1 Key Specifications
Table 1. Key Specifications
PARAMETER SPECIFICATION DETAILS
Maximum Continuous Output Current 10A See Section 4.1
Typical ON Resistance 8 mQ See Section 7.1
Rise Time at 5V 262 us See Section 7.2
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System Description

1.2 Triple TPS22959

The second uses three TPS22959 in parallel for a total output current of 30 A.

Vy — @

TPS22959
VIN VOUT
ON GND VBIAS
ON — Vaias
O
® VOUT
. . » A
TPS22959
(O]\\ VBIAS
VIN @gND VOUT
Figure 2. Triple TPS22966 Block Diagram
1.2.1 Key Specifications
Table 2. Key Specifications
PARAMETER SPECIFICATION DETAILS
Maximum Continuous Output Current 30A See Section 4.1
Typical ON Resistance 1.5 mQ See Section 8.1
Rise Time at 5V 24 ms See Section 8.2
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2 Block Diagram
The block diagrams for the two parallel load switch circuits are shown in Figure 3 and Figure 4.

VIN1
Control N
ON1 Logic E
A
CT1
VOUT1
~ |
L |
GND
VBIAS Charge Pump
VOUT2
CT2
ON2 Control I\‘
Logic
VIN2
Figure 3. TPS22966 Functional Block Diagram
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Figure 4. TPS22959 Functional Block Diagram
3 Highlighted Products
3.1 TPS22966
e Integrated Dual-Channel Load Switch
* Input Voltage Range: 0.8 Vto 5.5V
» ON-Resistance
— Ron=16mQatVy =5V (Vgas =5V)
— Roy=16mQatV, =3.6V (Vgas=5V)
— Ron=16mQatV,y=18V (Vgas=5V)
e 6-A Maximum Continuous Switch Current per Channel
e Low Control Input Threshold Enables Use of 1.2 V or Higher GPIO
» Configurable Rise Time
* Quick Output Discharge (QOD)
* SON 14-Pin Package With Thermal Pad
TIDU859—-March 2015 Parallel Load Switches for Higher Output Current & Reduced ON-Resistance 5
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3.2 TPS22959
» Integrated Single Channel Load Switch
e Vgas Voltage Range: 25V to 5.5V
e V, Voltage Range: 0.8 Vto 5.5V
» Ultra Low Ry Resistance
— Ron=44mQatVy=5V (Vgas=5V)
e 15 A Maximum Continuous Switch Current
* Low Quiescent Current (20 pA for Vg,s =5V)
e Low Shutdown Current (1 pA for Vgas =5 V)
» Low Control Input Threshold Enables Use of 1.2 V or Higher GPIO
* Quick Output Discharge (QOD)
* SON 8-Terminal Package with Thermal Pad
4 System Design Theory
This section will discuss how placing multiple load switch channels in parallel will effect functionality.
4.1 Increased Maximum Output Current
When multiple load switch channels are placed in the parallel, the maximum output current increases for
two reasons:
1. The total ON Resistance is lower reducing the amount of V = IR voltage drop.
2. The power dissipation will be more distributed leading to better thermal performance.
4.2 Reduced Total ON-Resistance (Ryy)
Placing multiple load switch channels in parallel will reduce the typical and maximum ON Resistance
proportionately to the number of channels in parallel. For example, two channels will half the ON
Resistance, and three channels will result in one third. This event is critical in systems with tight tolerances
on the voltage rails.
4.3 Faster Output Rise Time
When a single-load switch channel is turned on, the inrush current is limited by a controlled slew rate.
When multiple channels are in parallel, the total inrush will increase, allowing for a faster output rise time.
4.4 Reduced Quick Output Discharge (QOD) Resistance
For load switches that connect a quick output discharge resistance to the output when disabled, the total
QOD resistance will be reduced because multiple QOD resistors will be in parallel. This lower QOD
resistance will reduce the output fall time, leading to a faster system power down sequencing.
6 Parallel Load Switches for Higher Output Current & Reduced ON-Resistance TIDU859—March 2015
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Getting Started Hardware

5 Getting Started Hardware

This section will provide an overview of PCB hardware.

5.1 Dual TPS22966 Connections and Test Points
Table 3 shows a summary of the connections and test points for the dual TPS22966:

Table 3. Dual TPS22966 Connections and Test Points

CONNECTION NAME DESCRIPTION
J21 Vin DC Input to V
J22 Vour Load Connection for Vg
JP22 Vgias Power Connects Vg to Vi
JP21 ON Control Connects ON pin to V,, or GND
TP21 Vv Sense Sense Connection to V
TP26 Vour Sense Sense Connection to Vqyr
TP24 Veias Vg as Connection
TP23 ON Enable Connection

TP22, TP27, TP28, TP29 GND Connection to Board Ground

5.2 Triple TPS22959 Connections and Test Points

Table 4 shows a summary of the connections and test points for the triple TPS22959:

Table 4. Triple TPS22959 Connections and Test Points

CONNECTION NAME DESCRIPTION
J31 Vin DC Input to V
J32 Vour Load Connection for Vot
JP31 Vgias Power Connects Vgas 0 Vi
JP32 ON Control Connects ON pin to V,, or GND
TP31 Vv Sense Sense Connection to V
TP35 Vour Sense Sense Connection to Vgyr
TP33 Vaias Vgias Connection
TP34 ON Enable Connection

TP32, TP36, TP37, TP38 GND Connection to Board Ground
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6 Test Setup

Figure 5 and Figure 6 show how to collect ON Resistance and turn on measurements for the dual
TPS22966 circuit. A similar setup can be used for the triple TPS22959 circuit.

METER

TPS22966 in Parallel for 10A VIN_Sense

V0IIT_Sense
c2s
JP21 jpos couTt
- |0 ‘o | -+
N TL,CT.
SOURCE sl X CClk)/C%? LOAD
= c L — - 7 ®- e
Figure 5. ON Resistance Test Setup
SIGNAL GEN
TPS22966 in Parallel for 10A VIN_Sense
413 @ k{OUT_Sense
JP21 yp22
SOURCE LOAD
OSCILLOSCOPE
Figure 6. Turn On Test Setup
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7 Dual TPS22966 Test Data

This section will cover the test data from the dual TPS22966 circuit.

7.1 ON Resistance vs. Load Current
Table 5 provides a summary of the ON Resistance measured at various loads:

Table 5. ON Resistance vs. Load Current

LOAD CURRENT Vin = Vens =5 V Vin = Vs = 3.3V
200 mA 7.8 mQ 8.7 mQ
1A 7.8 mQ 8.7 mQ
5A 7.9 mQ 8.8 mQ
10A 8.6 mQ 9.7 mQ

7.2 Turn On Waveforms

} I[80.0us . 5
& 200V 80.0 1.2505/7
Jl+*334.000us 1M points ; 6 Mar 2015
9:37:53 |

360.1us
Figure 7. Dual TPS22966 Turn On Waveform with V= Vgas =3.3V
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Figure 8. Dual TPS22966 Turn On Waveform with Vi =Vgas =5V

8 Triple TPS22959 Test Data

This section will cover the test data from the triple TPS22959 circuit.

8.1 ON Resistance vs. Load Current

Table 6 provides a summary of the ON Resistance measured at various loads:

Table 6. ON Resistance vs. Load Current

LOAD CURRENT Vin=Vens =5V Vin = Veias = 3.3V
200 mA 1.4 mQ 1.4 mQ
1A 1.4 mQ 1.4 mQ
5A 1.4 mQ 1.4 mQ
10 A 1.4 mQ 1.4 mQ
15A 1.5mQ 1.5mQ
30A 1.6 mQ 1.7 mQ
10 Parallel Load Switches for Higher Output Current & Reduced ON-Resistance TIDU859—March 2015
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8.2 Turn On Waveforms

YOuUT

@ 200V & 200V 1.00ms 100MS/s
+1.99520ms 1M points . 6 Mar 2015

09:36:42
[ 2 g2y 1.508ms

VOouT
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09:36:22
[ 2 B2y 2.154ms

Figure 10. Triple TPS22959 Turn On Waveform with V\y = Vgas =5V
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9 Design Files

9.1 Schematics

To download the Schematics, see the design files at TIDA-00513.
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Figure 11. Dual TPS22966 Schematic
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Figure 12. Triple TPS22959 Schematic
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9.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00513.

9.3 Layout Recommendations

For best performance, all traces should be as short as possible. To be most effective, the input and output
capacitors should be placed close to the device to minimize the effects that parasitic trace inductances
may have on normal operation. Using wide traces for Vy, Vour, and GND helps minimize the parasitic
electrical effects along with minimizing the case to ambient thermal impedance. The CT trace should be
as short as possible to avoid parasitic capacitance.

9.4 Layer Plots
To download the layer plots, see the design files at TIDA-00513.

9.5 Altium Project
To download the Altium project files, see the design files at TIDA-00513.

9.6 Layout Guidelines
To download the Layout Guidelines, see the design files at TIDA-00513.

9.7 Gerber Files
To download the Gerber files, see the design files at TIDA-00513.

9.8 Software Files
To download the software files, see the design files at TIDA-00513.

10 References

1. Texas Instruments Application Report, Load Switch Thermal Considerations, 2004 (SLVUA74)
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Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
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corrections, enhancements, improvements and other changes to its reference designs.
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warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
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JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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