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Circuit Design and Power Loss Analysis of a 
Synchronous Switching Charger with Integrated 

MOSFETs for Li-Ion Batteries  
Jinrong Qian and Lingyin Zhao, Texas Instruments 

ABSTRACT 

Driven by integrated functionality and shrinking form-factors, the demand for portable devices such as 
cellular phones, PDAs and portable DVD players has grown significantly during the last few years. The 
power source has quickly become a bottleneck for advancing technology, and improvement of battery-
power density cannot keep-up with demand. The lithium-ion (Li-Ion) battery is widely-adopted because 
of its high energy density on both a gravimetric and volumetric basis. To achieve longer system run-time 
and smaller size, more and more system designers are finding that improving a system’s power 
conversion efficiency with advanced circuit topologies is no longer sufficient. Battery charging has 
become another area to focus on for maximizing battery capacity and extending its service cycle-life. 
The linear charger is suitable for the low-capacity battery charge applications with its reasonable cost 
and small-size advantages. With the increasing power demand from portable devices, the linear battery 
charger no longer adequately meets charge requirements due to its high-power dissipation. This paper 
presents a MHz synchronous switching battery charger to efficiently charge the battery and extend its 
cycle-life. The design considerations and detail power loss analysis are provided to estimate the IC 
junction temperature  
 

I. HOW TO CHARGE A LI-ION BATTERY 
Fig. 1 shows a popular charge profile 

recommended for a Li-Ion battery. Most 
dedicated Li-Ion-charge integrated circuits (ICs) 
are designed to charge the battery in this manner. 
The charging of a Li-Ion battery consists of three 
charging phases: pre-charge; fast-charge constant 
current (CC); and fast-charge constant voltage 
(CV). In the pre-charge phase, the battery is 
charged at a low-rate (typical of 1/10 the fast 
charge rate) when the battery cell voltage is 
below 3.0 V. This provides recovery of the 
passivating layer which might be dissolved after 
prolonged storage in deep discharge state. It also 
prevents overheating at 1C charge when partial 
copper decomposition appears on anode-shorted 
cells on over-discharge. When the battery cell 
voltage reaches 3.0 V, the charger enters to the 
CC phase. 
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Fig. 1. Li-Ion battery charge profile. 
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Fast-charge current should be limited to 1-C 
rate (0.7-C rate typical) to prevent overheating 
and resulting accelerated degradation. However, 
cells designed for high power capability can 
allow higher charge rates. Rates should be 
selected so that the battery temperature does not 
exceed 50°C during fast charge. The battery is 
charged at the fast-charge rate until the battery 
reaches a voltage regulation limit (typical of 
4.2 V/cell, but 4.1 V for coke-based anode Li-Ion 
battery). The charger starts to regulate the battery 
voltage and enters CV phase while the charge 
current exponentially drops to a defined 
termination level. However, the output voltage 
regulation accuracy is critical to maximizing 
battery capacity and improving its service life. 
Less battery voltage regulation accuracy means 
to undercharge the battery, which results in a 
large decrease in battery capacity. The battery 
loses about eight percent capacity if it is 
undercharged by one percent voltage. On the 
other hand, less battery voltage regulation 
accuracy also means the battery is overcharged, 
which reduces the battery service life-cycle. To 
safely charge the Li-Ion battery, it only allows 
initiating to charge the battery when the battery 
temperature is between 0°C to 45°C. Charging 
the battery at lower temperatures promotes 
formation of metallic Lithium, which increases 
the battery impedance and causes cell 
degradation.  

On the other hand, charging the battery at 
higher temperatures causes accelerated 
degradation because of promoting Li-electrolyte 
reaction. This presents a market need for more 
accurate, efficient and safe battery charge for 
portable devices. 

II. LOW COST STANDALONE LINEAR BATTERY 
CHARGER 

Many IC manufacturers are responding to the 
market need for more accurate and safer battery 
charge by developing low-cost linear battery 
chargers for low-power portable equipment. 
Fig. 2 shows a low cost standalone linear battery 
charger circuit that uses few external 
components. The charger simply drops the 
adapter’s DC voltage down to the battery voltage. 
The power dissipation across the pass element 
equals adapter voltage minus the battery voltage 
times the charge current, which is given by 
Equation (1). 

( ) CHGBATINLoss IVVP •−=  (1) 

If a 5-V adapter is used to charge a 
1200-mAh or 2200-mAh single cell Li-Ion 
battery, Fig. 3 shows its power dissipation with 
0.7 C rate fast-charge current. It has maximum 
power dissipation of 1.68 W and 3.0 W when the 
battery transitions from pre-charge to fast-charge 
phase, respectively. Power dissipation at 3.0 W 
results in 141°C temperature rise for a 3 mm × 3 
mm QFN package with 47°C/W thermal 
impedance. This definitely exceeds maximum 
125°C silicon junction operating temperature at 
25°C ambient temperature. 
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Fig. 2. Low cost standalone linear battery charger diagram. 
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Fig. 3. Power dissipation for linear battery 
charger.  

The tolerance on the fast- charge current 
regulation and the AC adapter voltage is also 
very important in a linear charger. If the 
regulation tolerance is loose, the pass transistor 
and package will need to be oversized, adding to 
size and cost. The fundamental issue for the 
linear charger is its high power dissipation. 

A trade-off must be made between the charge 
current, size, cost and thermal requirements of 
the charging system. Therefore, the linear charger 
is usually suitable for the low capacity (less than 
1300 mAh) Li-Ion battery applications because 
of their superior size, cost considerations and 
thermal issue. How to solve the thermal issue for 
high capacity battery packs or high input-to-
output voltage difference applications? The 
answer is the high-efficiency synchronous 
switching battery charger.  

III. HIGH EFFICIENCY MHZ  SYNCHRONOUS 
SWITCHING BATTERY CHARGER WITH 

INTEGRATED POWER MOSFETS 
Synchronous switching mode charging 

solutions are generally used in the applications 
that have high input-to-output voltage difference 
or for high capacity battery packs. For a 2200 
mAh Li-Ion battery pack, it is extremely difficult 
to use a linear charger to charge a single cell 
battery from a car adapter (12 V) at a fast charge 
rate of 0.5 C to 1 C. A linear charger with 
thermal regulation could be used, but the charge 
cycle time at the reduced charge rate will be 
extremely long.  

Fig. 4 shows a standalone high efficiency 
synchronous switching buck battery charger with 
charge current up to 2 A for portable devices 
such as DVD players and smart phones. 
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Fig. 4. 1.1-MHz standalone synchronous switching battery charger. 
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The battery charger uses a 1.1-MHz 
switching frequency voltage mode control 
architecture with internal Type III loop 
compensator to minimize the external 
components. To further minimize the battery 
charger size, it has integrated two power 
MOSFETs into the PWM controller in a small 
4.5 mm × 3.5 mm package. The power 
MOSFETs Q1 and Q2 are complementarily 
turned on and off with optimized dead time to 
optimize the efficiency at high switching 
frequency. Q1 is used as P-channel MOSFET to 
eliminate an external boost strap capacitor and a 
diode when used for high side N-MOSFET gate 
driver and it is also easy to achieve 100 % duty 
cycle when the input voltage is very close to the 
battery voltage by completely turning on Q1. The 
turn-on and turn-off time are controlled to 
regulate the battery charge current (CC phase) or 
battery voltage (CV phase) depending on the 
feedback control loops. The charger has highly 
integrated functions to safely and healthily 
charge the Li-Ion battery. It is able to program 
the pre-charge current, fast charge current, charge 
voltage, charge timer, battery temperature 
monitoring, automatic recharging, short circuit 
and over temperature protection.  

IV. CIRCUIT DESIGN 
The circuit parameters are designed for the 

following specifications in the following design 
example. 
• Adapter DC voltage: 12 V 
• Two-cell Li-Ion battery pack: 4.2 V/cell, 

1900 mAh/Cell 
• Pre-charge current: IPRE-CHG=133 mA 
• Fast charge current: ICHG=1.33 A 
• Charge time limit: tCHG = 5-hour 
• Temperature range for initiating charge: 

T= 0°C-45°C 
Since the size of the battery charger is very 

critical for portable devices, the output inductor 
is required to be as small as possible. For a given 
inductor ripple current, the required inductance is 
given by Equation (2). 

( )
sLIN

BATBATIN

fIV
VVVL 1

 
 

•
∆

−
=  (2) 

where 
•  fs is the switching frequency  
• ∆IL is  the inductor ripple current 

Substituting VIN=12 V, VBAT=6.0 V (3.0 V/ 
cell), ∆IrRIPPLE,L=30 % ICHG, ICHG=1.33 A and 
fS=1.1 MHz into the above equation yields 
L=7.5 µH. Selecting a 10-µH shielded inductor. 
Note that the shielded inductor has better 
capability to restrain the magnetic flux within the 
inductor and minimize the radiated 
electromagnetic interference (EMI). It is shown 
that the required inductance is inversely 
proportional to the switching frequency. The 
inductance can be 10 times smaller and it has a 
smaller size at 1 MHz than at 100 kHz. On the 
other hand, the higher the switching frequency, 
the higher the switching loss across Q1 and Q2 
and the higher the core loss in the inductor as 
well. A detailed power loss analysis is discussed 
in the next section. After selecting the inductance 
and given the switching frequency, the inductor 
ripple current is give by Equation (3). 

( )
sIN

BATBATIN
L fLV

VVVI 1
 

 
•

−
=∆  (3) 

Selecting inductor current rating is also 
critical for achieving desired efficiency. The peak 
inductor current IPeak is calculated by Equation 
(4). 

( )
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•
−

+=
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The inductor has maximum ripple current 
when the battery voltage is half of the input 
voltage. Therefore, the inductor saturation current 
rating should be always higher than the 
maximum peak inductor current at all operating 
conditions. 

To reduce the number of external 
components, it is the common practice to use 
internal loop compensation. The resonant 
frequency of the output inductor and capacitor 
should be around 16 kHz in order to achieve the 
optimum loop stability. Therefore, the output 
capacitance is calculated from Equation (5). 
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Select 10µF/25V X5R or X7R ceramic 
capacitor. It is important to select a small ESR 
ceramic output capacitor with good temperature 
characteristics such as the X7R or X5R ceramic 
capacitor. The ripple current flowing into the 
battery is given by 

Lripple
BATSNS

BATripple I
RRESR

ESRI ,, ∆
++

=  (6) 

where 
• ESR is the equivalent series resistance of the 

output capacitor 
• RSNS is the current-sensing resistor 
• RBAT is the battery internal impedance 

including the RDS(on) of the protection 
MOSFETs in the battery pack  
The smaller the ESR of the output capacitor, 

the smaller the ripple current going to the battery. 
The ripple current to the battery should be 
designed less than one-tenth of the inductor 
ripple current and a 10 µF/10 mΩ ESR ceramic 
capacitor is usually enough to meet this 
requirement. 

A. Select the Current Sensing Resistor RSNS 
Choose RSNS based on the regulation 

threshold VIREG across the sensing resistor. Let 
VIREG=133 mV for achieving standard sensing 
resistor value. Solve for RSNS. 

Ω=== 1.0
33.1

133
A

mV
I
VR

CHG

IREG
SNS  (7) 

The power dissipation across the sensing 
resistor is WRI SNSCHG 18.02 =• . Select 
1206 size rated at 0.5 W.  

Select fast charge current set resistor RSET1. 
RSET1 is used to set the fast charge current, 

RSET1 is given by Equation (8). 

Ω=== k
mVV

R
IREG

SET 5.7
133

10001000
1   (8) 

Select pre-charge current set resistor RSET2. 
RSET2 is used to set the pre-charge current and 

is determined by Equation (9). 

Ω===
−

k
mVIR

R
CHGPRESNS

SET 5.7
3.13

100100
2  (9) 

Select the maximum charge time set capacitor 
CTTC. 

The charge timer detects the bad battery pack 
if the battery has not been fully-charged when the 
charge timer is expired. CTTC is used to program 
the charge timer and it provides 2.6minute 
per nF.  

nF
K
tC

TTC

CHG
TTC 115

6.2
605

=
•

==  (10) 

Choose a 0.1 µF ceramic capacitor. 
Select minimum and maximum battery 

charge temperature set resistors RT1 and RT2 
RT1 and RT2 are used to program the battery 

charge temperature range between 00 C and 450 C 
for initiating the battery charger. For a commonly 
used 103AT-2 thermistor in the battery pack, 
RT(0°C)=RTL=27.28 kΩ, 
RT(45°C)=RTH=4.911 kΩ, the RT1 and RT2 are 
determined by Equation (11). 

THTL

THTL
T

THTL

THTL
T RR

RRR
RR

RRR
289.5

289.4546.1
21 −

•
=

−
•

=

 (11) 

Substituting RTL and RTH into the above 
equations yields RT1=9.31 kΩ and RT2=442 kΩ. 

V. POWER LOSS ANALYSIS 
Power loss is critical for highly integrated 

power MOSFETs since the power MOSFETs 
dissipate much more power than any other 
devices. It is not only an issue of efficiency, but 
also of thermal management and reliability. 
Having an idea of the losses in each component 
helps the system designer to layout the PCB 
properly and correctly, i.e. selecting PCBs with 
the right copper thickness and number of layers, 
determining the size of the circuit, determining 
the placement of the components as well. 

Power dissipation in the MOSFETs is highly 
dependent on their on-resistances, gate charge 
factors and current and voltage rise and fall 
times, as well as the switching frequency and 
operating temperature. Losses in the MOSFETs 
consist of conduction loss, switching loss, body 
diode conduction loss and gate drive loss. The 
waveforms associated with the MOSFETs are 
shown in Fig. 5.  
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Fig. 5.  Switching waveforms of a synchronous buck converter. 
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A. Conduction Loss 
Based on the switching waveform in Fig. 5, 

to simplify the conduction loss calculation, 
assume that the switching time is negligible 
compared with the switching period. The 
current through Q1 and Q2 is trapezoidal. The 
RMS current of the upper switch Q1 can be 
estimated by  
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where 
• ∆IL is the inductor ripple current 
• TS is the switching period 

The conduction loss of the upper MOSFET 
Q1 is given by Equation (13). 

1_)(
2

1_1_ QonDSQRMSQCOND RIP •=  (13) 

The RMS current of the lower MOSFET Q2 
can be estimated by Equation (14). 
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Conduction loss of the lower switch Q2 is: 

( ) 2_)(
2

2_2_ QonDSQRMSQCOND RIP •=  (15) 

The on-resistance of a MOSFET is 
temperature-dependent. The higher the 
temperature, the higher the on-resistance. It 
normally can be estimated as:  

)1()( 25_)()( TKRTR ConDSonDS ∆•+•=  (16) 

where 
• K is the temperature coefficient 

(K ≈ 0.0039/°C) 
• RDS(on)_25C the on-resistance under ambient 

temperature of 25°C. 

In order to reduce the conduction loss, on-
resistance of both MOSFETs Q1 and Q2 must 
be minimized, which requires more silicon 
resulting in cost increase. So, there is a trade-off 
between the conduction loss and silicon cost. 

Switching Loss 

Switching Loss - Upper Switch Q1 
Fig. 5 shows in detail the switching 

waveforms of a synchronous buck converter. 
There is a voltage and current overlap across the 
upper switch Q1. This causes the switching loss 
from the time intervals from t1 to t4 and from t5 
to t7. During turn-on period from t1 to t4, Q1 
conducts a high peak current associated with the 
reverse recovery of the body diode of Q2 while 
its drain voltage starts to rise. The switching 
loss occurs when the switch is turned on and off. 
From Fig. 5, the turn-on loss of Q1 during t1 
through t4: 

SON
L

OUTINQswon ftIIVP ••
∆

−⋅•= )
2

(5.01_   (17) 

where 
• 14ON ttt −=  

The turn-off loss of Q1 during t5~t7: is 
described in Equation (18). 

SOFF
L

OUTINQswoff ftIIVP ••
∆

+••= )
2

(5.01_  (18) 

where 
• 57OFF ttt −=  

The total switching loss across Q1 is given 
by Equation (19). 

1_1_1_ QswoffQswonQsw PPP +=   (19) 

From the above switching loss calculation, it 
is shown that the switching loss is proportional 
to the switching frequency, turn-on and off 
switching times. To minimize the switching 
loss, we have to reduce the switching frequency 
resulting in increasing the inductance and size 
for a given inductor ripple current as discussed 
in last section. Besides turning on and off the 
MOSFETs fast is another way to minimize the 
switching loss.  
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Too fast switching may generate high 
electromagnetic interference (EMI), especially 
radiated EMI and the system may not pass the 
EMI regulation. In EMI sensitive applications, it 
may be necessary to slow down the switching 
speed by increasing the gate resistance to meet 
the EMI specifications. Therefore, there is a 
compromise between the switching speed and 
EMI compliance. 

Switching Loss - Lower Switch Q2 
From Fig 5, the body diode of Q2 is 

conducting just before MOSFET Q2 is turned 
on or off. Therefore, the voltage drop across Q2 
during switching period is only the forward 
conduction voltage of the body diode. This is 
the so-called zero-voltage switching (ZVS), thus 
the switching losses can be neglected. 

Lower MOSFET Body Diode Reverse 
Recovery Loss 

As the lower MOSFET Q2 turns off, 
conduction of output current takes place through 
the body diode. To turn off the diode, a reverse 
bias voltage is applied across it. The charge 
stored in the body diode has to be evacuated 
from the junction. This adds to the switching 
loss of Q1. The loss can be estimated as: 

SINRRQRR fVQP ••=  (20) 

where 
• QRR is the reverse recovery charge of the 

lower MOSFET body diode 
 
To eliminate the body diode reverse 

recovery loss, the best way is to avoid body 
diode conduction by turning on the lower 
MOSFET immediately when the higher 
MOSFET turns off. This requires adaptive 
control and it is very difficult to achieve since 
even a very small simultaneous conduction of 
Q1 and Q2 results in shoot-through current and 
increase the loss. 

Body Diode Conduction Loss 
To avoid shoot through between upper and 

lower MOSFETs, a dead time is required to 
prevent from simultaneous conduction. From 
Fig. 5, before Q2 turns on and after Q2 turns off, 
the body diode of Q2 conducts for a period of a 
dead-time tDT. This leads to body diode 
conduction loss shown in Equation (21). 

SDTOUTBDQBD ftIVP ••••= 22_  (21) 

where 
• VBD is the body diode forward voltage drop  
• tDT  is dead time 

Gate Drive Loss 
The gate capacitor of Q1 is charged every 

cycle to an energy level of 2
1_2

1
QDRVgs VC • . The 

same amount of energy is dissipated internally 
in the MOSFET gate resistance to provide this 
charge. The same energy must be discharged 
once during each cycle.  

The gate drive power dissipated by Q1 can 
therefore be given by Equation (22). 

SDRVQgQDRV fVQP ••= 1_1_  (22) 

where 
• 1_1_1_ QgdQgsQg QQQ +=   
• VDRV is the gate drive power supply voltage 

 
The gate drive power dissipated by Q2 can 

therefore be given by 

SDRVQgQDRV fVQP ••= 2_2_  (23) 

where 
• 2_2_ QgsQg QQ =  (Qgd_Q2 = 0 since Q2 operates 

in zero-voltage switching and Qgd_Q2 is 
recovered) 
 
The gate drive power supply voltage is 

clamped to 6 V generated by a LDO when the 
input voltage is higher than 7 V. If the input 
voltage is below 7 V, then the gate drive voltage 
is 1-V below the input voltage. There is another 
power loss associated with the LDO generating 
a gate supply voltage, which is given by 
Equation (24). 
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( ) ( )DRVinSQgQgLDO VVfQQP −••+= 2_21_  (24) 

Thermal Calculation 
The junction temperature is crucial for IC 

with integrated power MOSFETs. During 
normal battery charge operation, the integrated 
MOSFETs dissipate a certain amount of power 
and generate the heat. This increases the die 
temperature resulting in on-resistance increase 
of the MOSFETs. The increase on-resistance in 
turn increases the conduction loss again. 
Therefore, it should have a thermal balance 
point ultimately. The junction temperature rise 
is equal to the total power dissipation across the 
IC times thermal impedance from the junction 
to the ambient, which is given by Equation (25). 

where 

• 
LDOQDRVQDRV

QBDQRRQswfixedMOS

PPP

PPPP

++

+++=

2_1_

2_1__  

• θjA is the thermal impedance 
 
Solving the above equation yields Equation 

(26). 

Inductor Loss 
The inductor loss consists of winding loss 

and core loss. The total winding loss is a 
function of frequency and temperature. The core 
loss depends upon the core material and is 
function of switching frequency, maximum flux 
density as well as the volume. 

For a synchronous buck converter topology, 
the inductor ripple current is relatively small 
compared with its DC current. The core loss due 
to core flux change ∆∅ is negligible. The 
calculation based on DC resistance (DCR) is 
fairly good for general purpose estimation.  

22
_ 12

1
LOUTLRMS III ∆+==  (27) 

The winding loss can be estimated as 

DCRLRMSLwindingL RIP _
2

__ ≈  (28) 

The DCR of an inductor is also temperature-
dependent. It normally can be estimated as:  

)1()( 25__ TKRTR CDCRLDCRL ∆•+•=  (29) 

where 
• K is the temperature coefficient 

(K=0.0039/°C for copper) 
• Loss Across the Sense Resistor 

The power dissipation across the current 
sensing resistor is  

SNSOUTRSNS RIP 2=  (30) 

• Capacitor ESR Loss 
The input capacitor has an internal ESR and 

it dissipates power when a ripple current flows 
through the capacitor. The RMS current flowing 
through the input capacitor is given by Equation 
(31). 
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The current flowing through the output 
capacitor can be approximated by the AC 
component of the inductor current. The RMS 
current of the output capacitor is given by 
Equation (32). 

The loss of the input capacitor due to its 
ESR: 

CINESRCINRMSESRCIN RIP ,
2

__  =  (33) 

The loss of the output capacitor due to its 
ESR: 

COUTESRCOUTRMSESRCOUT RIP ,
2

__ =  (34) 

VI. CALCULATION RESULTS 

The circuit parameters for the 
bqSWITCHER™ (TPS24103) are: 

 
For the primary switcher (Q1) 

• RDS(on)_Q1 (5 V) =305 mΩ at 25°C 
• RDS(on)_Q1 (12 V)=250 mΩ at 25°C 
• VDRV_Q1=VIN 
• Qg_Q1=6.722 nC, 
• ∆tISW_ON1 = 2.042 ns 
• ∆tVISW_ON1 = 7.49 ns 
• ∆tISW_OFF1 = ∆tISW_ON1 
• ∆tVSW_OFF1 = ∆tVSW_ON1 

 
For the secondary switcher (Q2) 

• RDS(on)_Q2 (5 V)=80 mΩ at 25°C 
• RDS(on)_Q2 (12V)=69 mΩ at 25°C 
• VDRV_Q1=2 • VIN 
• VDRV_Q2=VIN 
• Qg_Q2=6.979 nC 
• QRR=0.02 nC, 
• VBD=0.7 V, 
• tDT=25 ns 

For the inductor (L) 
• RL_DCR=49 mΩ 

For the input capacitor (CIN) 
• RESR,CIN=8 mΩ 

For the output capacitor (COUT): 
•  RESR,COUT=8 mΩ. 

 
Table 1 shows the calculated breakdown. 

• The conduction loss is dominant over 
switching loss although it operates at 
1.1 MHz. 

• The lower the ambient temperature, the 
lower the conduction loss due to the on-
resistance increase with the temperature rise. 

• A lower input voltage normally leads to 
lower loss. 

• The junction temperature for single cell 
applications is lower than that of two-cell 
applications. For a 55°C ambient 
temperature, the IC junction temperature 
could reach as high as 90°C for two Li-Ion 
cell applications. 
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TABLE 1: 
CALCULATED LOSS BREAKDOWN UNDER DIFFERENT OPERATING CONDITIONS  

VIN=12 V, ICHG=1.2 A 2S Li-Ion Battery 
VBAT=8.4 V, VIN=12 V 

Single Cell Li-Ion 
VBAT=4.2 V, VIN=5 V 

Item Symbol 
(Unit) TAM=25°C TAM=55°C TAM=25°C TAM=55°C 
PCOND (W) 0.315 0.353 0.430 0.484 
Psw_Q1 (W) 0.151 0.151 0.063 0.063 
PQRR (mW) 0.264 0.264 0.11 0.11 
PBD_Q2 (W) 0.046 0.046 0.046 0.046 
PDRV (W) 0.09 0.09 0.075 0.075 
PLDO (W) 0.09 0.09   

MOSFETs  
Q1 and Q2 

PFETs (W) 0.692 0.730 0.614 0.668 
Inductor PL_winding (W) 0.071 0.071 0.071 0.071 
Sense Resistor PRSNS (mW 0.144 0.144 0.144 0.144 
Capacitors PC_ESR (mW) 2.45 2.45 1.551 1.551 
Total Losses PTOTAL (W) 0.90 0.948 0.829 0.883 
Efficiency η (%) 91.7 91.35 85.8 85.1 
IC Temperature Rise ∆T (°C) 32.7 34.5 28.7 31.2 
IC Junction Temperature TJ (°C) 57.7 89.5 53.7 86.2 
 
 
 

The calculation results and the measurement 
results of the charger efficiency vs output current 
when VIN=12 V are shown in Fig. 6 and Fig. 7, 
respectively. The calculation results correlate 
with the measurement results well. 
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Fig. 6. Measured and calculated efficiency at 
different charge current. 

Fig. 7 shows the efficiency curves with 
various input voltages. It has over 90 percent 
efficiency even at 16-V input voltage.  

 
 

0
50

60

80

90

100

Ef
fic

ie
nc

y 
- %

80

VBAT = 8.4 V
(2 Li-Ion Cell)

TA = 25°C

VIN = 16 V

VIN = 9 V

0.5 1.0 1.5 2.0

ICHG - Charge Current - A  
Fig. 7. 1.1MHz synchronous switching charger 
efficiency with different input voltages. 



 5-12

Compared with the linear charger, the power 
dissipation is much smaller and it is possible to 
design the synchronous-switching charger in the 
battery pack’s side to minimize the use of mother 
board since the inductor size is small due to 
MHz frequency operation. One important thing 
to remember is that the battery’s service life is 
strongly dependent on its temperature. Charging 
the Li-Ion battery with synchronous switching 
charger basically generates less heat. As a result, 
it has longer service cycle-life compared with the 
linear charger.  

VII. CONCLUSION 

The linear charger is suitable for the low-
capacity battery charge applications with low 
cost and small size advantages. Continuing 
power demand increase from portable devices 
such as portable DVD players and smart phones 
makes the linear battery charger no longer 
efficiently adequate to charge the Li-Ion battery 
due to its inherent high power dissipation 
limitation. A high-efficiency synchronous 
switching battery charger with integrated 
MOSFETs provides an efficient charging 
solution for those advanced portable devices 
with less heat and longer battery service life. 

 


