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Buck-Boost Charger MOSFETs
By Homer Huang

Introduction

The wide adoption of USB Type-C PD makes the notebook PC charger move to four MOSFET buck-boost charger topology
(Figure 1) to allow for wide range input voltage (5-20V). After a suitable controller is selected, the specified Power MOSFETs
in buck-boost charger are essential for achieving higher efficiency and high-power density design.
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Figure 1. Buck-Boost Charger Topology

In this application note, we will only discuss the USB power delivery specification for an adapter supplying 5A/100W
and expect the reader to understand the basic operation of buck-boost topology. It is critical to select suitable MOSFETs
regarding efficiency, thermal, and space limitation, to meet the system-level requirements. 30V MOSFETs can be used for
input voltage below 20V.

Based on given wide input voltages, output voltages, and current, the designer must understand the tradeoff among the
different loss mechanisms in the MOSFET. These MOSFET losses include: switching loss, conduction loss, and reverse
recovery loss. Losses are minimized by selecting the best MOSFETs from its electrical characteristics.

Power Loss of MOSFET

We will consider the following modes: buck, boost, and buck-boost.

Buck Mode

The buck mode is the most common topology, and can generate the highest total power loss. Using Figure 2, when the
charger works at buck mode, Q3 is always on. Q3 power loss is related to Rdson. Q4 is always off with no power loss. The
designer should focus the MOSFET selection on the Buck mode.

The following equations are used to determine the power losses on each MOSFET in Figure 2.

Q1 loss: switching loss (é Tour * V (t,+ gf)f+§V,N-f-ILr,-pp,e “(tr—1),
conduction 10ss (Ipy2* Rpson D+ s Lyippi”* Rpson " D),

gate drive loss (Q," V" f),
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Figure 2. Buck Mode Charger Topology
Boost Mode

When the charger works in the boost mode, the output current is smaller compared to buck, therefore power dissipation is
reduced. The designer can decide not need to optimize the MOSFET selection for the boost mode since the power losses

are not as significant as in buck more operation.

Using Figure 3, Q1 is always on and power loss is from Rdson. Q2 is always off with no power loss.

Q1 loss: conduction loss (ﬂ%;-RDSON + 5 Ipinple”* Roson)-

Q2: off.

Q3 loss: conduction loss (%’"RDSON + ILZ-IL,W,E2 *Rpson * (I-D)),

H g dour
bOdy diode loss (N Vsp f D ttotalfdeadtime)!

gate drive loss (Q,* V" f)

- awitchi L.l 1. . cp eyl
Q4 loss: switching loss (5 (3% + 13 Liippie) * (Vour*Vseer) " f+5 (25

1,

=3 Lprippie) * (Vour+Vseer) “ 1" f),

conduction 108s (" Rpson+ 15 Liyippie” * Roson)” D), Q088 1088 (40,55 * (Vour + Vseer) - f), Q31T loss

(1-D)’

(O3, +Vour f)
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Figure 3. Boost Mode Charger Topology
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Figure 4. Operation Mode over Variation of Input and Output Voltage

When Vin and Vout voltages are close, referring to Figure 4, the charger operates in buck-boost mode. In buck or boost
mode, only three of four MOSFETs are working, in buck-boost all four MOSFETs work and have to look at all the losses
in each MOSFET and the efficiency of the charger should be lower than the expectation. Figure 5 and Figure 6 show
two different operating schemes for buck-boost mode. The following shows calculation of MOSFET power losses of for
scheme1.

. . _ _ Vo o V.
Since Vin=Vout, 1., —11,,.., = Lrippie = ﬁ(] ~Dpyer) :ﬁ Dpoost

Q1 loss: switching loss (é Vin (I et L ") D,

gate drive loss (O, Ve, f), Q0SS 1088 (4 Oy Vi 1),
Q2rrloss (O, + Vv f)
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Figure 4a. Buck-Boost Mode Charger Topology

Rev. 1.0 November 2021 www.aosmd.com Page 4 of 9



ALPHA & OMEGA

SiiconpucToR Application Note MOS-014
vV 4 LX1
LX2 T
T >
| A
ILmax Vin=Vout
. Mmin ]
Dbjuck
—> >
Dboost T
| A
Vin<Vout
!
Dbuck
+—> >
Dboost T
A
I Vin>Vout
Dbuck
+—> >
Dboost T

Figure 5. Buck-Boost Mode Inductor Current-Scheme 1
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Figure 6. Buck-Boost Mode Inductor Current-Scheme 2
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MOSFET Selection

Most of the time, the battery charger operates in buck mode. Therefore, losses associated from buck mode will be the
major focus. The selection of a suitable MOSFET for buck-boost charger application will be reviewed. A comparison of
AONP36336 and AOE6936 will be reviewed as a case study to understand which key parameters should be of concern
when designing a buck-boost charger.

The operation conditions are 20V input to 13.2V output, with output current up to 10A, operating at 840kHz switching
frequency. The package outline of AONP36336 is DFN3.3x3.3. AOE6936 is DFN5x6, which includes low-side with a source-
down configuration. With the same external components and similar layout, we found AONP36336 outperformed AOE6936
in efficiency and thermal performance (Figure 7 and Table 2,3).

After analyzing each MOSFET loss (refer to table 1) with datasheet characteristics, we find that switching loss, conduction
loss from Q1, and reverse recovery loss are key parameters that highlight the efficiency gap between these parts. In short,
Qgd and Rdson from Q1 and Qrr from Q2 are key factors. The calculations closely match the measured result.

AONP36336 shows greater power density (smaller package) and is more suitable for the type-C buck-boost charger
application. After fine-tuning the key MOSFET parameters, Figure 8 shows AONP36332 could provide better performance
for 100W and above in buck-boost charger application (see Table 4). Both AONP36332 and AONP36336 have the same
package and pinout, making them excellent choices for a buck-boost charger.

In conclusion, AONP36336 and AONP36332 provide high efficiency and higher-power density than existing Buck MOSFET
solutions such as AOE6936, which are designed for lower output voltage application.

AOE6936 AONP36336 AONP36332
Parameter
H/S FET L/S FET H/S FET L/S FET H/S FET L/S FET
Rdson (mOhm) @Vgs=4.5V max. 8 3 5.7 7.3 4.7 5.9
Ciss (pF) 1150 2270 1330 940 1520 1220
Coss (pF) 380 650 280 210 330 260
Crss (pF) 55 90 35 30 35 30
Rg (Ohm) 1.2 1.4 0.8 1.8 0.8 1.9
Qg (nC) @Vgs=4.5V 7.5 15 8 6 10 7.5
Qrr 30 14 15
Table 1. Key Parameters of MOSFET
Efficiency
VIN=20V, VOUT=13.2V, L=2.2uH, FSW=840kHz
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e AONP36336
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Figure 7. VIN=20V/VOUT=13.2V Efficiency Comparison Curve
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Parameter AONP36336 AOE6936
Vin=20V, Vout=13.2V, lout=10A, 840kHz 0.32 0.5
HS switching Loss 0.38 0.53
HS conduction Loss 0.235 0.5
Qrr Loss 0.03 0.03
HS gate drive Loss 0.25 0.1
LS conduction Loss 0.235 0.235
LS diode loss 0.03 0.06
Calculated Loss (W)
Buck MOSFET Total Loss 1.53 2.03
Boost MOSFET Total Loss 0.54 0.62
Actual Loss (W)
Buck MOSFET Total Loss 1.552 2.106
Boost MOSFET Total Loss 0.460 0.600
Table 2. MOSFET Loss Breakdown
T Degree (C)
lout (A) AONP36336 AOEG6936
BuckFET BoostFET BuckFET BoostFET

2 35.3 31.6 441 36.4

4 41 33.7 51.6 41

6 49 38.4 62.2 47 .4

8 58.5 44 76.6 57.8

10 72 53.4 94.6 71.6

Table 3. T Comparison between AONP36336 and AOE6936 at VIN=20V/VOUT=13.2V

Efficiency
VIN=20V, Vout=8.8V, L=2.2uH, FSW=840KHz
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Figure 8. VIN=20V/VOUT=8.8V Efficiency Comparison Curve
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Power Loss (W)
lout (A) AONP36336 AONP36332
BuckFET BoostFET BuckFET BoostFET
2 0.52 0.016 0.53 0.014
4 0.7 0.068 0.7 0.06
6 0.92 0.16 0.95 0.132
8 1.22 0.288 1.26 57.8
10 1.63 0.46 1.65 0.4
12 2.16 0.696 2.15 0.6
14 3.12 1.023 2.77 0.841

Table 4. MOSFET Loss Comparison

LEGAL DISCLAIMER

Applications or uses as critical components in life support devices or systems are not authorized. AOS does not
assume any liability arising out of such applications or uses of its products. AOS reserves the right to make changes to
product specifications without notice. It is the responsibility of the customer to evaluate suitability of the product for their
intended application. Customer shall comply with applicable legal requirements, including all applicable export control
rules, regulations and limitations.

AOS’s products are provided subject to AOS’s terms and conditions of sale which are set forth at:
http://www.aosmd.com/terms_and conditions of sale

LIFE SUPPORT POLICY

ALPHA AND OMEGA SEMICONDUCTOR PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL
COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS.

As used herein:

1. Life support devices or systems are devices or 2. A critical component in any component of a life support,
systems which, (a) are intended for surgical implant into device, or system whose failure to perform can be
the body or (b) support or sustain life, and (c) whose reasonably expected to cause the failure of the life support
failure to perform when properly used in accordance device or system, or to affect its safety or effectiveness.

with instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.
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