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TPS54620 Parallel Operation

John Tucker and Arvind Raj

ABSTRACT

The TPS54620 is a synchronous, step-down, dc-dc converter with integrated high- and low-side FETSs. It
is rated for a continuous output of 6 A. In order to increase the output current capability, it is possible to
operate two TPS54620 circuits in parallel. Certain techniques are required in the design to ensure that
each of the TPS54620 converters provides an equal share of the output current. This application report
details the design, operation, and performance of a parallel TPS54620 dc/dc converter.
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2.1

Introduction

The TPS54620 is a 17-V input, 6-A output, synchronous, step-down switcher with integrated FET (
SWIFT™ converter). To increase the output current above the rated 6 A, it is possible to connect two
TPS54620 converters in parallel. This configuration allows both integrated circuits to share output current
equally, and the total maximum output currentis 6 A + 6 A = 12 A. However, practical difficulties exist
when two such supplies are connected in parallel, and they may not share current equally. If properly
designed, these difficulties can be overcome so that a functional stable circuit is possible.

Control Types

Current-mode control is usually required when designing parallel converters. To see why current-mode
control is important, it is first necessary to understand some basic differences between current-mode and
voltage-mode control. For this application report, the pin name conventions for the TPS54620 are used as
shown in the Figure 5 schematic.

Voltage-Mode Control

A simplified voltage-mode control block diagram is shown in Figure 1. In voltage-mode control, only one
feedback loop is present in the control circuitry. A portion of the output voltage is fed back to the error
amplifier (V_SNS) by the divider network of Z1 and Z2 and compared to a voltage reference. The output
of the error amplifier (COMP) is compared to a PWM ramp voltage waveform. The voltage mode control
waveforms are shown in Figure 2. While the PWM ramp voltage is below the output of the error amplifier,
the high-side switch element is ON and the output of the converter at the switching node (PH) is
approximately equal to Vin. When the PWM ramp voltage exceeds the error amplifier output, the high-side
switch element is turned OFF, and the switching node output voltage is approximately 0 V. The output
waveform at the switching node is a pulse train that switches from Vin to ground with a duty cycle of D.
The output inductor and capacitor comprise a second-order filter that passes the dc component of the
pulse train. In this way, the output voltage is regulated to the average value of the switching node voltage,
Vout = D x Vin, where D is the duty cycle of the converter. The output current has no direct control. Any
change in the load current causes a corresponding change in the output voltage. In the example
waveforms, a step load change causes the output voltage to decrease. The error amplifier output voltage
rises in response and causes the PWM duty cycle to increase temporarily to allow the inductor current to
ramp up to the new required load current. When the desired load current is achieved, the control loop
responds and the error amplifier output voltage returns to the previous level and the PWM duty cycle
returns to the value required for proper voltage regulation. Because the switch current has no direct
control, it is difficult to implement current sharing with voltage-mode control.

Voltage Feedback Loop

Z1

z2

lsw
V_SNS |
= . n Q1l
Ik COMP I

B Vour

PWM Gate LYY YN >
Comp Driver
PWM Ramp -

VREF —| <— Q2 COUT
RLOAD

Figure 1. Voltage-Mode Control Block Diagram
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Figure 2. Voltage-Mode Control Waveforms

2.2 Peak Current-Mode Control

A simplified peak current-mode control block diagram is shown in Figure 3. Peak current-mode control
uses two feedback loops: an inner current-sense loop and an outer voltage-sense loop. As in
voltage-mode control, a portion of the output voltage is fed back to the error amplifier by the divider of Z1
and Z2 and compared to an internal reference. Other than that, the control scheme differs substantially.
The peak current-mode control waveforms are shown in Figure 4. The output of the error amplifier at the
COMP pin is a voltage that is proportional to the required peak switch current. The peak switch current to
COMP pin voltage characteristic is specified by the transconductance of the power stage, gmgoye, that
converts the COMP voltage to a reference current. In the inner current control loop, this reference current
is compared to the switch current. The switch current consists of the ac inductor current superimposed
over the output load current. This ac inductor current has the characteristic shape of a ramp and serves as
the equivalent to the PWM ramp in voltage-mode control. For any given cycle, when the peak switch
current is equal to the reference current, the high-side switch is turned off, setting the duty cycle for the
converter. When a change in output current is required, the fed-back voltage at V_SNS changes and the
COMP pin voltage increases if more current is required and decreases if less current is required. In the
example waveforms, a step load change causes the output voltage to decrease. The COMP pin voltage
rises in response and allows a higher peak switch current for the ensuing switching cycles. When the peak
current is increasing in sequential switching cycles, the PWM duty cycle increases as well. The resultant
change in duty cycle allows the inductor current to ramp up or down as required, setting a new
steady-state load current. The COMP pin voltage remains at the new level as it directly controls the output
current.
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Figure 4. Peak Current-Mode Control Waveforms

So, for peak current-mode control, the output current is proportional to the COMP pin voltage. This
provides a convenient method to allow current sharing. If the COMP pin voltage of two converters in
parallel are connected together and the power stage transconductance of each are closely matched, then
the two parallel converters each contribute an equal amount of load current.

Parallel Operation

A few considerations need to be made to operate the TPS54620 converters in parallel. As previously
explained, it is necessary to ensure that the COMP pin voltage of both devices is common. The easiest
way to achieve this is by connecting the two COMP pins together. Because a single regulated output is
desired, the fed-back portion of the output at V_SNS must be the same for both devices. Use a
single-voltage, set-point divider network, and connect the V_SNS pins together to accomplish this. The
devices must operate at a common frequency with a synchronous clock. It is preferable to use an external
clock source driving the RT/SYNC pin. Driving one device out of phase with the other reduces the ripple
on the input voltage supply; so, an inverter is used to produce an out-of-phase clock circuit from the
external clock source. Both the devices must start up at the same time. Hence, the SS/TR pins of both
devices are connected together. The V_SNS pins also are tied up together to maintain the same error
voltage in both the devices.
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Design Procedure

4 Design Procedure
For parallel operation, the general TPS54620 design steps can be followed. An example design is shown
in the Figure 5 schematic. The important design steps are detailed as follows.
U1
TPS54620RGY
1 14
RT/CLK  PWRGD|- L
13 C5,0.1uF
Z16nD BOOTs—Hﬁ 3-3uH VOUT = 1.8V, 12 A
3 |oND PHI-12 1 2 vour)
ST
! —gpvm pH-H! l R7
VIN = 10.8 -13.2 V > [PYIN EN ;0 +1
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Figure 5. TPS54620 Example Design
4.1 Design Requirements
The design requirements for this example are provided in Table 1.
Table 1. Design Requirements
Parameter Value
Output Voltage 1.8V
Output Current 12 A
Input Voltage 12 V +/- 10%
Transient Response, 6-A load step 50 mV
Switching Frequency 480 kHz
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4.2 Operating Frequency
The first step is to select a switching frequency for the regulator. The tradeoff between higher and lower
switching frequencies must be considered. Higher switching frequencies may produce a smaller solution
size using lower valued inductors and smaller output capacitors compared to a power supply that switches
at a lower frequency. However, the higher switching frequency causes extra switching losses, which
adversely affect the converter’s efficiency and thermal performance. In this design, a moderate switching
frequency of 400 kHz is selected to achieve both a small solution size and a high-efficiency operation.
When operating the TPS54620 in parallel, it is important to keep the two converters synchronized. The
two TPS54620 devices are operated using an externally supplied clock. The external clock is used to drive
the U1 converter's RT/CLK pin directly. An inverter is used to derive an additional clock signal 180° out of
phase with the external clock. This inverted clock is used to drive the U2 converter. Operating the two
converters out of phase reduces the input voltage ripple. The RT/CLK pin of each converter is terminated
with an RT timing resistor set for the nominal 400-kHz operating frequency. The required resistor value
can be calculated using Equation 1.
Rrt(kQ) = 48000 -Fsw (kHz) """ -2
(1)
4.3 Output Voltage Set Point
The resistor divider network R8 and R9 is used to set the output voltage. For the example design, 10 kQ
was selected for R9. Using Equation 2, R8 is calculated as 12.5 kQ.
R9-(Vout —Vre
rg= R /)
Vref
(2
4.4 Output Inductor Selection
This parallel design uses two output inductors, L1 and L2. Each inductor must be selected to handle
one-half of the total output current; thus, the selection criteria is the same as for a single output design. To
calculate the value of the output inductor, use Equation 3. KIND is a coefficient that represents the amount
of inductor ripple current relative to the maximum output current. The inductor ripple current is filtered by
the output capacitor. Therefore, choosing high inductor ripple currents impacts the selection of the output
capacitor because the output capacitor must have a ripple current rating equal to or greater than the
inductor ripple current. Although the inductor ripple value is generally at the discretion of the designer,
KIND is normally from 0.1 to 0.3 for the majority of applications.
L1= Vinmax - Vout Vout
lo-Kind Vinmax- fsw
(3)
For this design example, use KIND = 0.2 and the inductor value is calculated to be 3.18 pH. For this
design, a nearest standard value was chosen: 3.3 puH. For the output filter inductor, it is important that the
RMS current and saturation current ratings not be exceeded. The RMS and peak inductor current can be
found from Equation 5 and Equation 6
. Vinmax — Vout Vout
Iripple = -—
L1 Vinmax- fsw
(4)
2
V, -(Vinmax-Vo
ILrms = [lo? + | ~° ( )
12 | Vinmax-L1- fsw
(5)
ILpeak =lout+ Ir|p2ple
(6)
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4.5

4.6

4.7

4.8

For this design, the RMS inductor current is 6.02 A, and the peak inductor current is 6.84 A. The chosen
inductor is a Coilcraft MSS1048 series 3.3 pH. It has a saturation current rating of 7.38 A and a RMS
current rating of 7.22 A.

The current flowing through the inductor is the inductor ripple current plus the output current. During power
up, faults, or transient load conditions, the inductor current can increase above the calculated peak
inductor current level calculated in the preceding equations. In transient conditions, the inductor current
can increase up to the switch current limit of the device. For this reason, the most conservative approach
is to specify an inductor with a saturation current rating equal to or greater than the switch current limit
rather than the peak inductor current.

Input Capacitor Selection

The TPS54620 requires a high-quality ceramic, type X5R or X7R, input decoupling capacitor of at least
4.7 YF of effective capacitance on the PVIN input voltage pins and 4.7 puF on the VIN input voltage pin. In
some applications, additional bulk capacitance may also be required for the PVIN input. The effective
capacitance includes any dc bias effects. The voltage rating of the input capacitor must be greater than
the maximum input voltage. For this design, the PVIN and VIN pins are tied together to use a common
input voltage supply. The Ul and U2 inputs are bypassed by a 10-uF capacitor and a 4.7-uF capacitor in
parallel.

Output Capacitor Selection

With an output current capability of 12 A, it is reasonable to expect large load step transients. When the
initial current step occurs, the output capacitors are required to provide the energy until the control loop
can respond to increase the output of the converter. The output voltage must not fall more than 50 mV in
response to a 6-A load step transient. Use Equation 7 to determine the minimum output capacitance to
meet this requirement.

2'A]0UT

COUT >
FSW 'AVOUT

™

The required minimum capacitance is 500 puF. To meet this requirement, a 330-uF Sanyo POSCAP
capacitor is used at each output for a combined capacitance of 660 uF.

Slow-Start Capacitor Selection

The slow-start capacitor determines the minimum amount of time it takes for the output voltage to reach its
nominal programmed value during power up. This is useful if a load requires a controlled voltage slew
rate. This is also used if the output capacitance is large and requires large amounts of current to quickly
charge the capacitor to the output voltage level. The large currents necessary to charge the capacitor may
make the TPS54620 reach the current limit, or excessive current draw from the input power supply may
cause the input voltage rail to sag. Limiting the output voltage slew rate solves both these problems. The
soft-start capacitor value can be calculated using Equation 8. For this circuit, both converters must start up
simultaneously; so, the SS pins are tied together and a single, slow-start capacitor is used. The slow-start
charge current , Iss is doubled: 2 x 2.3 uA = 4.6 YA and Vref is 0.8 V. The example circuit has the
slow-start time set to an arbitrary value of 1.75 ms which requires a 10-nF capacitor.

C7(nF) = Tss(ms)-Iss(nA)
B Vref(V)

®

Boot Capacitor Selection

A 0.1-pF ceramic capacitor must be connected between the BOOT to PH pin for proper operation. It is
recommended to use a ceramic capacitor with X5R or better grade dielectric. The capacitor must have a
10-V or higher voltage rating.

SLVA389-March 2010 TPS54620 Parallel Operation 7
Submit Documentation Feedback

Copyright © 2010, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA389

13 TEXAS
INSTRUMENTS

Performance www.ti.com

4.9

5.1

Compensation Design

The compensation design is a tradeoff between stability and the load transient response. Lesser phase
margin means a great transient response, but the stability of the system suffers whereas a higher phase
margin degrades the transient response and improves stability. Usually, the control loop is designed for a
phase margin of 60°. This provides the desired tradeoff between load transient and stability. For this
design, a reasonable closed-loop crossover frequency of 25 kHz is specified. Because the COMP pins of
the two devices are tied together, the compensation network needs to be common as well. Two factors
must be considered when the COMP pins are tied together. The COMP pin now is driven by both
transconductance amplifiers, so the gm,, term is doubled. Also, the power stage transconductance is
effectively doubled. For this design, Type 2B compensation is used with a single resistor and capacitor in
series from COMP to ground.

The required compensation resistor R4 is given by:
2.1 Feo Vour - Cour
2-gmpVigr 2 gmpg

R4 =

9)
And the compensation capacitor is given by
— Ry -Cour
R4

c4

(10)
Where:
* F,, = Closed-loop crossover frequency
*  Vgur = Output voltage
e Cgur = Output capacitance
e Gmg, = Error amplifier transconductance
* Vg = Reference voltage
» Gmeyg = Power stage transconductance

For the chosen closed-loop crossover frequency of 25 kHz, Equation 9 and Equation 10 yield:
R4 =2803 Q

C4 =0.035 pF

Using standard values, C4 is 2.80 kQ and C4 is 0.039 uF.

Performance

The performance of the TPS54620 parallel circuit of Figure 5 is detailed as follows. For all data, the input
voltage is 12 V, the output voltage is 1.8 V, and the ambient temperature is 25° C.

Current Sharing

An important performance criterion of the parallel design is the ability to equally share current between the
two converters of Ul and U2. The current-sharing performance is shown in Figure 6.

8
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Current Sharing
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Figure 6. TPS54620 Parallel Circuit Current Sharing

5.2 Efficiency
The TPS54620 parallel circuit efficiency is shown in Figure 7.
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Efficiency
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Figure 7. TPS54620 Parallel Circuit Efficiency

5.3 Output Voltage Ripple
The TPS54620 parallel circuit output voltage ripple is shown in Figure 8. The output current is 12 A.

Vout =10 mV /:div (ac coupled)

PH=5V/div

Time = 1 usec / div

Figure 8. TPS54620 Parallel Circuit Output Voltage Ripple
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5.4 Input Voltage Ripple
The TPS54620 parallel circuit input voltage ripple is shown in Figure 9. The output current is 12 A.

Vin =50 mV / div

PH =5V /div

Time = 2 usec / div

Figure 9. TPS54620 Parallel Circuit Input Voltage Ripple

5.5 Switching Node and Inductor Current Waveforms

The switching node (PH) and inductor current waveforms are shown in Figure 10. The output current is 12
A. Because the external clock signals provided to the U1l an U2 converters are out of phase, the switching
node waveforms and the ac inductor currents are also out of phase. This helps to reduce input and output
voltage ripple.

NSNS IS
ERRSECCN

18

Time = 2 usec / div

Figure 10. Switching Node and Inductor Current Waveforms

SLVA389—-March 2010 TPS54620 Parallel Operation 11

Submit Documentation Feedback
Copyright © 2010, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA389

13 TEXAS
INSTRUMENTS

Performance www.ti.com

5.6 Closed-Loop Response

The closed-loop response for the parallel TPS54620 circuit is shown in Figure 11. The measured closed
loop crossover frequency is 26 kHz, which is close to the intended crossover frequency of 25 kHz. The
measured phase margin is 90°.

Closed Loop Response
60 1 T 180
—
50 \\\ 150
N
40 \\ \\ 120
30 N ‘\ e 90
=l | ™ \n.\
20 | 60 4
m 10 b 50 &
o ‘\ >
= 0 = o o
5 NS \ o
O -10 a 30 @
L
-20 N -60 o
-30 -90
-40 T = Gain -120
-50 = Phase -150
60 [ [ []] -180
100 1000 10000 100000 1000000
Frequency - Hz

Figure 11. Closed-Loop Response

5.7 Transient Response

The parallel circuit was designed to provide good transient response. To reduce switching node waveform
jitter, the closed-loop crossover frequency is limited to 25 kHz. To allow for low-voltage overshoot and
undershoot during transient load steps, the circuit is designed using 2 x 330-uF special polymer output
capacitors. The transient voltage change is limited to less than 50 mV for a 3-A to 9-A load step shown in
Figure 12.
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Vout = 50 mV / div (ac coupled)

[}

Load Current =5 A /.div (3 Ato 9 ALoad Step)

Time = 200 usec / div

Figure 12. Transient Response

6 Conclusion

The parallel circuit using the TPS54620 performs closely to its intended design specifications. The key
design parameter is the calculation of the compensation components. When the COMP pins are tied
together, the effective transconductance of the error amplifier and power stage must be doubled. To keep
the switching node jitter to acceptable levels, the closed-loop crossover frequency must be restricted to at
or below 25 kHz. With this low, closed-loop bandwidth, it may be necessary to use a substantial amount of
output capacitance if the voltage overshoot and undershoot due to transient load step changes is to be
kept low. With these constants, it is possible to design a stable parallel circuit that can provide double the
rated output current for the TPS54620.

The circuit demonstrated in this application report is available as PR975. For additional information, see
the TPS54620 product folder on the Tl Web site.

SLVA389-March 2010 TPS54620 Parallel Operation 13

Submit Documentation Feedback
Copyright © 2010, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA389

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

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

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
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.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated


http://amplifier.ti.com
http://www.ti.com/audio
http://dataconverter.ti.com
http://www.ti.com/automotive
http://www.dlp.com
http://www.ti.com/communications
http://dsp.ti.com
http://www.ti.com/computers
http://www.ti.com/clocks
http://www.ti.com/consumer-apps
http://interface.ti.com
http://www.ti.com/energy
http://logic.ti.com
http://www.ti.com/industrial
http://power.ti.com
http://www.ti.com/medical
http://microcontroller.ti.com
http://www.ti.com/security
http://www.ti-rfid.com
http://www.ti.com/space-avionics-defense
http://www.ti.com/lprf
http://www.ti.com/video
http://www.ti.com/wireless-apps

	TPS54620 Parallel Operation
	1 Introduction
	2 Control Types
	2.1 Voltage-Mode Control
	2.2 Peak Current-Mode Control

	3 Parallel Operation
	4 Design Procedure
	4.1 Design Requirements
	4.2 Operating Frequency
	4.3 Output Voltage Set Point
	4.4 Output Inductor Selection
	4.5 Input Capacitor Selection
	4.6 Output Capacitor Selection
	4.7 Slow-Start Capacitor Selection
	4.8 Boot Capacitor Selection
	4.9 Compensation Design

	5 Performance
	5.1 Current Sharing
	5.2 Efficiency
	5.3 Output Voltage Ripple
	5.4 Input Voltage Ripple
	5.5 Switching Node and Inductor Current Waveforms
	5.6 Closed-Loop Response
	5.7 Transient Response

	6 Conclusion




