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ABSTRACT

The synchronous buck converter is a widely used topology in low-voltage, high-current applications.
Low-power loss and highly efficient synchronous buck converters are in great demand for advanced
microprocessors of the future. Good understanding of power losses in a synchronous buck converter is
critical for improving converter performance. Common source inductance (CSl) is the inductance shared
by the main current path and the gate driver loop in a converter and carries the drain-source current and
the gate-charging current. A high-side (HS) FET CSI has significant impact on converter performance,
especially switching power loss: the greater the HS CSI, the greater the switching loss. This application
report analyzes MOSFET-related power losses in a synchronous buck converter. The effects of HS CSI
are also discussed and quantified. This document introduces the Texas Instruments NexFET™ Power
Block, which uses advanced device and package techniques to minimize CSI and thus reduce system
power loss. To simply design efforts, a complementary design calculator (SLPCO015) is available.
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Introduction

The synchronous buck converter is one of the most popular topologies for today’s low-voltage regulators.
As transistor counts in a single processor continue to increase, various challenges arise for low-voltage,
high-current voltage regulator design. High efficiency is one of the most critical requirements for improving
power density.

Good understanding of power loss in synchronous buck converters is important for converter design
optimization. Power loss of a synchronous buck converter includes several parts: MOSFET loss, inductor
loss, printed-circuit board (PCB) loss, etc. Among these, MOSFET loss is complicated and significant. This
application report only discusses the MOSFET loss in synchronous buck converters.
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Figure 1. Schematic of Synchronous Buck Converter

Figure 1 shows the schematic of a typical synchronous buck converter. MOSFET-related power loss in a
synchronous buck converter is composed of conduction loss and switching loss. Conduction loss is the
sum of high side (HS) and low side (LS) FETs conduction loss. This loss is independent with switching
frequency. Switching loss consists of HS FET switching loss, LS FET switching loss, gate drive loss, LS
body diode loss, and FETs output capacitance loss. Switching loss goes up linearly with increasing
switching frequency. Not all calculations for power losses are straightforward. Specifically, MOSFET
switching loss is determined by the transition time and influenced by several parameters in the gate drive
loop. Common source inductance (CSI) is one of the most important parameters. CSl is the inductance
shared by the main-current path and the gate-driver loop and carries the drain-source current and the
gate-charging current. Any voltage induced on CSI changes the effective gate-source voltage of the
MOSFET. Because of the importance of gate-source voltage on the switching performance of power
MOSFETSs, CSI has a significant impact on the system performance, especially on HS FET switching loss.
This application report first analyzes the MOSFET-related power loss in a synchronous buck converter
and then presents the equations for power loss calculations. The impacts of CSI on converter power loss
also is discussed and quantified in this document.

Conduction Loss

The conduction loss is determined by the on-resistances of the MOSFETSs and the transistor RMS current.
Specifically, the conduction loss for HS FET and the LS FET can be calculated by Equation 1 and
Equation 2, respectively:

_ 2
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NOTE: See Appendix B for list of symbols.

“

3 Switching Loss

Switching loss is composed of several parts: MOSFET switching loss (HS and LS), MOSFET gate drive
loss, LS body-diode loss, and MOSFET output capacitance loss. These losses are analyzed in the
following text.

3.1 MOSFETs Switching Loss

3.11 Typical HS Switching Power Loss Calculation

Power converters use semiconductor devices as HS and LS switches. It takes finite time for the devices to
turn on and off. During the turnon and turnoff transitions, due to the LS clamping effects, the HS device is
affected by both high current and high voltage at the same time, which induces switching losses. Figure 2
shows the HS FET gate-source voltage Vg, drain-source voltage Vpg and drain current |, waveforms
during HS turnon for the synchronous buck converter shown in Figure 1.
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Figure 2. Ideal Waveform at Device Turnon

Typically, the HS gate current and the related switching loss are estimated by Equation 5 and Equation 6:

| = VDriver — VPL
9
Rg + Rdriver

®)
QSW

s 6)

Psw =VIN x lgyr x fg, x

NOTE: FET plateau voltage V,, can be found in the gate charge curve on device data sheets.

3.1.2 HS FET Switching Loss Calculation With CSI Consideration

In reality, both the HS and LS transistors have CSI due to device packages and PCB designs. For
hard-switching devices, CSls slow down their turnon and turnoff and hence increase the switching losses.
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Figure 3. Schematic for Converter With CSI Consideration

Taking the HS FET in Figure 3 as an example, when the HS FET drain-current I,g begins to increase at
turnon, a voltage drop proportional to dlys/dt is generated across the CSI. Therefore, the effective
gate-source voltage is reduced by this CSI voltage as shown in Equation 7:

L dbs

csi

V, =V, - Vyy —
gs(eff) g swW
)
To account for the effect of CSI in power loss, Equation 5 and Equation 6 need to be modified. The new
calculations are analyzed in detail as follows:

1. Switching power loss in period t1

First, analyze area Qgs, in Figure 2. When the gate-source voltage reaches the threshold voltage V4,
the device drain current I begins to increase from 0 A until it reaches (loyr — lippe/2) at the end of t1,
where |, iS the peak-to-peak inductor current ripple. The change of current induces a voltage V| .,
on HS common source inductance L. V) @and the gate current |y, during time t1 then can be
calculated by Equation 8 and Equation 9:

|ripple

| — el
dibs ouT D)
V, =L .. x = X —
Lesi(t1) csi dt1 csi dt1 (8)
| _ Vpriver = VpLns) — Masith)
1(on) ~
gren Rg(rs) * Rariver ©)
Q
dt1 = gs2HS)
lg1(on) (10)
Solving Equation 8, Equation 9, and Equation 10, the gate current is obtained and shown in
Equation 11:
| _ Voriver — VPLHS)
g1(n) ~
Iripple
our = 5
RgHs)* Rarvert Lesi * a
gsZ(HS) (11)

The related switching power loss is then calculated as follows,

Iy Q
Paw(t1) =0.5% VIN x ['ouT— = jx fow X w
g1(on) )
2. Switching power loss in period t2

Next, when entering area Qgp, the LS FET output capacitance C. is charged from 0 V to V,, and the
charge current flows through L. Similarly, this current decreases the effective gate-source voltage of
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the HS FET and hence gate current |, by inducing a voltage V., across the HS common source
inductance. The LS capacitance current, HS CSI voltage, and HS gate current can be obtained by the
following equations:

L =C L avo_ . VIN _ Qosgus)
Coss oss(LS) dt2 oss(LS) dt2 dt2 (13)
Q
dt2 = S )
g2(on) (14)
2
v L dlcoss _ Losi ¥ Qosss)  Lesi X Qoss(Ls) * lg2(on)
Lesit2) ~ “osi X a2 2)2 = Q2
(dt gd(HS) (15)
Lesi x Qoss(Ls)
% x Bogon) * (Rg(HS) + Rdriver) * lg2on) — (VDriver - VPL(HS))= 0
Qgats)
| _ Vbriver = VpLHs) — Viesit2)
oom =
g2(on) RgHs) + Rariver (16)
Reorganizing Equation 14, Equation 15, and Equation 16, the following Equation 17 is obtained:
(17
Defining three parameters as follows,
_ Losi ¥ QosgiLs)
2
QgaHs) (18)
b= Rg(HS) + Rdriver (19)
c= _(VDriver - VPL(HS)) (20)

Then, the gate current within t2 is given by Equation 21:

—b+\/b2—4 xaxc
2 xa (21)
With |y, Solved, the switching power loss during time t2 is shown in Equation 22:

l.
PSW(tZ) =0.5xVIN x (IOUT_ np;le ]X fSW X

IgZ(on) =

Qqq(Hs)

lg2(0n) 22)
3. Switching power loss at HS turnon
HS FET turnon loss is the sum of losses in area Q,, (t1) and area Qq (t2), given by:

| Q Q
Psw(Hson) = 0.5 % VIN x [IOUT_ "p;'e ]X fo x ( 9s2(HS) | gd(HS)]

lg1on)  lgaon) 23)

4. Switching power loss at HS turnoff

At the end of HS on-time, the inductor current reaches the peak value (loyr + lipye/2). Then, HS FET
begins to turn off. Figure 4 shows the HS FET Vg, Vps, and Ipg waveforms at HS turnoff transition.
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Figure 4. Ideal Waveforms at Device Turnoff

Following the preceding steps 1 to 3, the HS gate current and switching loss at turnoff can be obtained
in the following equations:

VeL(Hs)

lg1(0ff) =

1.
I + ripple
ouT 2

Rgts)t Rariver tLesi %

_—b+\/b2—4><axc

QgsZ(HS) (24)

| =
92(off) 2 x a (¢5)
a= Lot X Qossts)
2

Qgas) 20
b=Ryns) * Rarver @7
¢ = —Vpns) (28)

Iri e Q Q
Paw(tsof) = 0.5 x VIN x [|0UT+ o ]x fow X { gs2HS) | 9"(“8)}
2 lg1offy  lg2(off) (29)

5. Total HS FET switching power loss
The total HS FET switching loss is the sum of HS turnon and turnoff losses as shown in Equation 30.
+
)

Pswitis) = Psw(rison) * Psw(tisof) (30)

Note that the HS sourcing and sinking impedance of drivers may be different. The sourcing/sinking
impedances must be used for turnon/turnoff loss calculations, respectively.

3.1.3 LS Switching Loss Calculation

Considering LS FETSs, both LS turnon and turnoff are soft switching at normal operations when the
inductor current is positive: the LS FET turns on and off with its drain-source voltage equal to the
body-diode forward voltage. Therefore, the LS switching loss is small and thus neglected in this
application report.

3.2 Gate Drive Loss

The gate charge induced loss is straightforward and given by Equation 31.
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Pgate = |:)gate(HS) + IDgate(LS) = (Qg(HS)+ Qg(LS)) X VDriver X fsw (31)

3.3 LS Body Diode Loss

In order to prevent the cross-conduction of the HS FET and LS FET (shoot-through), two short dead-times
are added into the converter: rise edge dead-time between LS FET turnoff and HS FET turnon and fall
edge dead-time between HS FET turnoff and LS FET turnon. During these two dead-time intervals, both
the HS and the LS FETs are off, and LS FET body diode conducts the inductor current. This LS body
diode conduction introduces two power losses into the system: dead-time loss (diode conduction loss) and
diode reverse-recovery loss.

3.3.1 Dead-Time Loss

Dead-time loss is induced by LS body diode conduction during dead-times and can be calculated using
Equation 32.

|
Pieadtime = VsD XM'ow -

. L
ripple ripple
% tyeadime(r) * | loutr *+ % tgeadtime(f) | * fsw
2 2 )

3.3.2 Diode Reverse-Recovery Loss
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Figure 5. Diode Reverse-Recovery Waveforms

Diode reverse-recovery loss is due to the turnoff of the LS FET body diode. Specifically, when the LS FET
body diode conducts the inductor current during the rise edge dead time, minority carriers are injected into
and stored in the diode PN junction. As the HS FET starts to turn on, a negative current must first flow
through the diode to remove the stored charge before the diode can block any negative voltage. As
depicted in Figure 5, during this time, the HS drain-source voltage remains at VIN until the entire diode
minority carriers are exhausted at t1 when the diode reverse-recovery current reaches the negative
maximum Irr. Then, the diode begins to block negative voltage and the reverse current continues to flow to
charge the body diode depletion capacitance. The total charge involved in this period is called
reverse-recovery charge Qrr. Therefore, the diode reverse-recovery loss at HS turnon can be calculated

as follows:
Porr = Qrrs) * VIN x T, (33)
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3.4

Output Capacitance Loss

Another part of the MOSFET-related power loss in synchronous buck converters is FET output
capacitance loss, which is induced by output capacitance charge/discharge. The C, loss for HS and LS
FETs can be calculated in Equation 34 and Equation 35, respectively.

PCoss_HS =0.5x% Qoss_HS x VIN x fSW
PCoss_LS =0.5x Qoss_LS x VIN x fSW

(34)

(35)

Power Loss Calculation Assumption

Note that the preceding equations are only accurate for continuous conduction mode (CCM) at which the
output current is greater than or equal to half of the inductor peak-to-peak current ripple (l;,e). In this
application report, 0.5 x I, is designated as the critical current. If the output current is smaller than the
critical current, the converter may work at two different modes: forced continuous conduction mode
(FCCM) or discontinuous conduction mode (DCM). For each of the two modes, some of the power loss
calculations introduced in this document are not correct. For example, when the converter works in DCM,
the inductor current increases from 0 A to (loyr + lippe/2) at HS FET on-time, then decreases back to 0 A at
LS FET on-time. After that, the inductor current remains at 0 A for a time until HS FET turns on again.
Therefore, the RMS current calculations in Equation 3 and Equation 4 are not correct. Another example is
for FCCM: when the converter works in FCCM, negative current flows through the HS FET at its turnon
transients. This negative current generates a negative voltage across the HS CSI. Therefore, the HS FET
turnon is speeded up instead of being slowed down and the HS turnon switching loss then is reduced in
FCCM. In the following calculation examples, only the MOSFETSs power loss at output currents above the
critical current is considered and discussed.

Power Loss Calculation Examples

In order to verify the accuracy of the calculations and compare the impacts of different CSls on power
losses, two examples are given in this application report: Converter 1 is a conventional synchronous buck
converter with two discrete MOSFETs as HS and LS switches; Converter 2 is a synchronous buck
converter using Tl Power Block devices as switches. Figure 6 shows the schematic of Converter 1. Both
the HS FET and LS FET have drain and source parasitic inductances due to their independent packages
as shown in Figure 6. For Converter 2, the TI NexFET™ Power Block device is an optimized design for
synchronous buck applications offering high-current, high-efficiency, and high-frequency capabilities. The
Power Block device uses an advanced package technology called “source-down stacked die”, which
stacks the HS FET and LS FET together and integrates them into one single package. In this way, the
source of the HS FET is directly connected to the drain of the LS FET die, and the source of the LS FET
contacts right to the GND pad. Therefore, package-induced LS drain inductance and CSils for both HS and
LS FET are significantly reduced in the Tl Power Block device as shown in Figure 7. In addition, by
integrating the HS and LS FET into one chip, Tl Power Block device also minimizes the converter size and
simplifies system designs.
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Figure 6. Schematic for Converter 1 — Discrete Solution
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Figure 7. Schematic for Converter 2 — Tl Power Block Solution

For this comparison, the same driver ICs are used in both converters, as well as the same output inductor
(0.29 uH), similar PCB layout designs, and the same test conditions: Viy =12V, Vpiver =5V, Vo = 1.3V,
lour = 25 A, f,,, = 500 kHz. Table 1 lists the main device parameters for these two buck converters.

Table 1. Device Parameters

Discrete Discrete Tl Power Block Tl Power Block
(HS FET) (LS FET) (HS FET) (LS FET)
Rgs_on (MQ) 6.01 217 5.81 217
Ry (Q) 0.8 15 14 14
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Table 1. Device Parameters (continued)
Discrete Discrete Tl Power Block Tl Power Block
(HS FET) (LS FET) (HS FET) (LS FET)
Qqs2 (NC) 1.3 1.9 1.3 2.3
Qga (nC) 1.9 25 1 25
Q, (nC) 6.7 14 8.2 19.4
Ve, (V) 2.9 2.0 2.7 1.8
Lesi (PH) 400 100
Q. (nC) 33 45
Qoss (NC) 15.7 36 12.4 35

Power Loss - W

As shown in Table 1, the main difference between the discrete solution (Converterl) and the Power Block
solution (Converter2) is that the discrete solution has a larger HS FET common source inductance (400
pH to 450 pH); whereas the Power Block solution has very small HS FET CSI (<100 pH) due the
advanced package for the Tl Power Block. Figure 8 and Table 2 compares the calculated loss and the
measured loss for both converters.

Table 2. Power Loss Calculation Example for Synchronous Buck Converters

Power Loss (W) Discrete Parts Tl Power Block Power Loss Difference (W)
Calculated HS switching Loss 1.18 0.57 0.62
Calculated HS conduction 0.49 0.48 0.01
Loss
Calculated LS Conduction 1.20 1.20 0
Loss
Calculated HS Q, Loss 0.02 0.02 0
Calculated LS Qg Loss 0.04 0.05 -0.01
Calculated Q,, Loss 0.20 0.27 -0.07
Calculated FETs C, Loss 0.17 0.15 0.06
Calculated Diode Conduction 0.17 0.17 0.01
Loss
Total Calculated Power Loss 3.50 2.95 0.55
Measured Power Loss 3.45 2.98 0.47
6.0 Power Loss @V, =12V, V., =5,V, =13V, f,, = 500 kHz, L, = 0.3 uH, T, = 25°C 60 Power Loss @V, =12V, V= 5,V, =13V, f,, = 500 kHz, L, = 0.3 uH, T, = 25°C
5l5 — CallculateI Powe: Loss I(Discrelte Partls) 5.5 h—— Mealsureleowerl Loss (IDiscreIte Partls)
i === Calculate Power Loss (Power Block) | == Measured Power Loss (Power Block)
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Figure 8. MOSFETs Power Loss in a Synchronous Buck Converter

Figure 8 clearly shows that the equations introduced in this application report can predict the MOSFETs
loss in a synchronous buck converter very well. The small difference between the calculated loss and
measured loss is due to the inaccuracy of the device parameters and measurement error. Table 2 also

10
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points out that the biggest power loss difference between Tl Power Block device and the discrete parts is
from the HS FET switching loss. Table 3 and Figure 9 show the different results calculated with the
conventional HS FET switching loss equations and the new equations with CSI consideration proposed in
this application report. It is clear that the conventional equations underestimate the MOSFETs power loss
in synchronous buck converters, and the new equations can give much more accurate results with CSI
being considered. As shown Figure 8 and Figure 9, these new calculated results predict the power loss
difference due to CSI difference between discrete parts and Tl Power Block device. This also explains
why TI's NEXFET Power Block products can greatly improve the system efficiency by reducing the key
parasitic component — the HS common source inductance.

Table 3. HS FET Switching Loss Calculation With CSI Consideration

Discrete Solution Power Block Solution
HS FET Switching Loss (W) 0.41 0.36
HS FET Switching Loss With CSI 1.18 0.57
Consideration (W)
Difference (W) 0.77 0.21

Power Loss @ V,= 12V, V= 5, V, = 1.3 V, f,, = 500 kHz, L, = 0.3 uH, T, = 25°C

&0 T T T T T T T 1
55— Calculate Power Loss (Discrete Parts)
' = = Measured Power Loss (Discrete Parts)
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Figure 9. Power Loss Calculation Comparisons With/Without CSI Consideration

6 Summary

This application report analyzes MOSFET-related power loss in synchronous buck converters and
presents the detailed calculations for each part of the power loss. The effects of common source
inductance also are discussed. The given examples prove that the proposed equations can predict the
converter power loss very well. It also shows the impact of CSI on converter power loss: bigger CSI leads
to much higher switching loss. In addition, Tl Power Block products are introduced. The technical details
of why the TI Power Block device outperforms its discrete competition also is explained — minimizing the
key parasitic component (CSI) by using advanced device and packaging techniques. In addition, a power
loss calculator with CSI consideration based on this application report was built and is available for

download.
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Appendix A
Appendix A Estimation of Common Source Inductances

The value of common source inductances is determined by the packages of power MOSFETSs. Table 4

lists the estimated common source inductance values for several typical packages of low-voltage power
MOSFETSs. For accurate CSl values, check the device manufacturers.

Table 4. Typical Values of Common Source

Inductances
SOURCE INDUCTANCE
Stacked-Die Power Block/PowerStage <100 pH
QFN (Clip) 450 pH
QFN (Wire Bonding) 850 pH
SO8 >1.5nH
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Appendix B

Appendix B List of Symbols

SYMBOLS DESCRIPTION
Coss(Hs) HS FET output capacitance
CossiLs) LS FET output capacitance
D Converter duty cycle
fsw Switching frequency
lcoss LS Coss charge/discharge current
los HS FET drain current
Iy HS gate current
lg1om) HS gate current during t1
lg2(0n) HS gate current in t2
lg10m) HS gate current during t4
lg20m) HS gate current during t3
lout Converter output current
lippie Inductor peak- to-peak current ripple
Irvs(Hs) HS FET RMS current
lrnmss) LS FET RMS current
Lesi HS common source inductance
Pcondrs) HS conduction loss
Peond(s) LS conduction loss
Pcoss(ts) HS C, loss
Pcossis) LS Cg loss
P deadtime Diode conduction loss
Porr Diode reverse-recovery loss
Pgate Total converter gate loss
Pyate(ts) HS FET gate loss
Pgate(ts) LS FET gate loss
Pow MOSFET switching power loss
Psw(tson) HS FET turnon switching loss
Pswrsofy HS FET turnoff switching loss
Qqns) HS FET gate charge
QqLs) LS FET gate charge
Qgams) HS FET Qgd
Qgsattis) HS FET Qgs2
QossiLs) LS FET output charge
(O ) LS body-diode reverse-recovery charge
Qsw HS FET switching charge
Rariver Gate driver resistance
RasongHs) HS FET on-resistance
Rasons) LS FET on-resistance
Ry HS gate resistance
Rgis) HS FET gate resistance
tdeadtime(r) Rise edge dead-time
tdeadtimes) Fall edge dead-time
Voriver Gate drive voltage
\A HS gate voltage referring to ground
Vis(eft HS effective gate-source voltage
VIN Converter input voltage
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SYMBOLS DESCRIPTION
Viesit) CSl voltage within t1
Vi) HS CSl voltage during t2
Vour Converter output voltage
Vp, HS FET plateau voltage
Vo s HS FET plateau voltage
Vsp Diode forward voltage
Vs Switch node voltage
16 Power Loss Calculation With Common Source Inductance Consideration for SLPAOO9A-June 2011—-Revised July 2011
Synchronous Buck Converters Submit Documentation Feedback

Copyright © 2011, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLPA009A

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 Tl 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 Tl 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 Tl 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 TI for that product or service voids all
express and any implied warranties for the associated Tl 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

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated


http://www.ti.com/audio
http://www.ti.com/communications
http://amplifier.ti.com
http://www.ti.com/computers
http://dataconverter.ti.com
http://www.ti.com/consumer-apps
http://www.dlp.com
http://www.ti.com/energy
http://dsp.ti.com
http://www.ti.com/industrial
http://www.ti.com/clocks
http://www.ti.com/medical
http://interface.ti.com
http://www.ti.com/security
http://logic.ti.com
http://www.ti.com/space-avionics-defense
http://power.ti.com
http://www.ti.com/automotive
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/wireless-apps
http://www.ti.com/lprf
http://e2e.ti.com

	Power Loss Calculation With Common Source Inductance Consideration for Synchronous Buck Converters
	1 Introduction
	2 Conduction Loss
	3 Switching Loss
	3.1 MOSFETs Switching Loss
	3.1.1 Typical HS Switching Power Loss Calculation
	3.1.2 HS FET Switching Loss Calculation With CSI Consideration
	3.1.3 LS Switching Loss Calculation

	3.2 Gate Drive Loss
	3.3 LS Body Diode Loss
	3.3.1 Dead-Time Loss
	3.3.2 Diode Reverse-Recovery Loss

	3.4 Output Capacitance Loss

	4 Power Loss Calculation Assumption
	5 Power Loss Calculation Examples
	6 Summary
	Appendix A Estimation of Common Source Inductances
	Appendix B List of Symbols




