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Application Note

Switching Regulator IC Series

Efficiency of Buck Converter

Switching regulators are known as being highly efficient power sources. To further improve their efficiency, it is helpful to
understand the basic mechanism of power loss. This application note explains power loss factors and methods for calculating
them. It also explains how the relative importance of power loss factors depends on the specifications of the switching power

source.

Synchronous rectification type
y yp High-side MOSFET

Figure 1 shows the circuit diagram of a synchronous

rectification type DC/DC converter. Figure 2 shows the Pon-n = loyr® X Ron—n X VI(/),l,:,T 24! (1)
waveforms of the voltage of a switch node and the current
waveform of the inductor. The striped patterns represent the
areas where the loss occurs. Low-side MOSFET
The following nine factors are the main causes of power loss: Pon-1 = loyr? X Ron—1 ¥ <1 - %) (W] (2)
1. Conduction loss caused by the on-resistance of the

MOSFET Pyn—_u, Pon-1 Ioyr: Output current [A]
2. Switching-loss in the MOSFET Pgyy_y, Psy—1 Ron_p: High-side MOSFET on-resistance [£]
3. Reverse recovery loss in the body diode Ppopr Ron—1: Low-side MOSFET on-resistance [0]
4. Output capacitance loss in the MOSFET Pcyss Vin: Input voltage [V]
5. Dead time loss P, Vour: Output voltage [V]
6. Gate charge loss in the MOSFET P
7. Operation loss caused by the IC control circuit P In the equations (1) and (2), the output current is used as the
8. Conduction loss in the inductor Py (pcgy current value. This is the average current of the inductor. As
9. Loss in the capacitor P¢y, Pcour shown in the lower part of Figure 2, greater losses are

generated in the actual ramp waveforms. If the current

Conduction loss in the MOSFET waveform is sharper (peak current is higher), the effective

current is obtained by integrating the square of the differential
The conduction loss in the MOSFET is calculated in the A and

between the peak and bottom values of the current. The loss
B sections of the waveform in Figure 2. As the high-side

MOSFET is ON and the low-side MOSFET is OFF in the A

section, the conduction loss of the high-side MOSFET can be

can then be calculated in more detail.
The conduction losses P,y_y and Pyy_; are calculated with

) ] the following equations.
estimated from the output current, on-resistance, and on-duty

cycle. As the high-side MOSFET is OFF and the low-side High-side MOSFET
MOSFET is ON in the B section, the conduction loss of the

Ip — I))? V
low-side MOSFET can be estimated from the output current, Pon_y = [IDUTZ + %] X Ron_p X 5"T (W] 3)
IN
on-resistance, and off-duty cycle.
The conduction losses Pyy_y and Pyy_; are calculated with
the following equations.
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Low-side MOSFET

Up = Iy)?
Pon-1 = [IOUTZ + 1

X Row-u % (1-22) W] (4

(VIN B VOUT) VOUT

Al = X (4]
t fsw X L Vin
AL
Ip = loyr + > [A]
Ip = loyr

Ioyr: Output current [A]

Ip: Inductor current peak [A]

I,: Inductor current bottom [A]

Ron—p: High-side MOSFET on-resistance [£2]
Ron—1: Low-side MOSFET on-resistance [2]
Viy: Input voltage [V]

Vour: Output voltage [V]

Al : Ripple current of inductor [A]

fsw: Switching frequency [Hz]

L: Inductance value [H]

Switching-loss in the MOSFET

The switching-losses are calculated in the C and D sections or
in the E and F sections of the waveform in Figure 2. When the
high-side and low-side MOSFETs are turned ON and OFF
alternately, a loss is generated during the transition of the on-
switching. Since the equation for calculating the area of the
two triangles is similar to the equation for calculating the power
losses during the rising and falling transitions, this calculation
can be approximated using a simple geometric equation.

The switching-loss Pgy,_y is calculated with the following

equation.

High-side MOSFET

1
Pow_py = 5 X Vin X Ioyr X (tr—H + tf—H) X fsw (W] ()

Viy: Input voltage [V]

Ioyr: Output current [A]

t,_g: High-side MOSFET rise time [sec]
tr_y: High-side MOSFET rise time [sec]
fsw: Switching frequency [Hz]

When the low-side MOSFET is turned ON by the gate voltage
while the body diode is energized and then the FET is turned
OFF by the gate voltage, the load current continues to flow in
the same direction through the body diode. Therefore, the
drain voltage becomes equal to the forward direction voltage
and remains low. Then, the resulting switching-loss Psy,; is

very small, as described in the following equation.

Low-side MOSFET

1
Poy_p, = 3 X Vp X Ipyr %X (tr—L + tf—L) X fow W] (6)

Vp: Forward direction voltage of
low-side MOSFET body diode [V]
Ioyr: Output current [A]
t,_.: Low-side MOSFET rise time [sec]
tr_,,: Low-side MOSFET rise time [sec]
fsw: Switching frequency [Hz]

Reverse recovery loss in the body diode

When the high-side MOSFET is turned ON, the transition of
the body diode of the low-side MOSFET from the forward
direction to the reverse bias state causes a diode recovery,
which in turn generates a reverse recovery loss in the body
diode. This loss is determined by the reverse recovery time of
the diode tzz. From the reverse recovery properties of the

diode, the loss is calculated with the following equation.

1
Pprope = 3 X Viy X Igp X tgp X fow [W] (7)

Viy: Input voltage [V]
Irr: Peak value of

body diode reverse recovery current [A]
tzr: Body diode reverse recovery time

fsw: Switching frequency [Hz]

Output capacitance loss in the MOSFET

In each switching cycle, the loss is generated because the
output capacitances of the high-side MOSFETs C,ss are
charged. This loss is calculated with the following equation.
The charge/discharge loss of Coss in the low-side MOSFET is
usually ignored because the charge of Coss is already
discharged by the inductor current when low-side MOSFET
turns on, resulting in ZVS (Zero Voltage Switching).
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1
Pcoss = 5 X Coss—u X Vin® X fsw (W] (8)

Coss-n = Cps—n + Cop-p  [F]

Coss—pu: High-side MOSFET output capacitance [F]
Cps_pu: High-side MOSFET

drain-source capacitance [F]
Cgp-p: High-side MOSFET gate-drain capacitance [F]
Vvt Input voltage [V]
few: Switching frequency [Hz]

Dead time loss

When the high-side and low-side MOSFETs are turned ON
simultaneously, a short circuit occurs between the VIN and
ground, generating a very large current spike. A period of dead
time is provided for turning OFF both of the MOSFETs to
prevent such current spikes from occurring, while the inductor
current continues to flow. During the dead time, this inductor
current flows to the body diode of the low-side MOSFET. The
dead time loss Pj, is calculated in the G and H sections of the

waveform in Figure 2 with the following equation.
Pp =Vp X Ipyr X (tDr + th) X fsw [W] (9)

Vp: Forward direction voltage of
low-side MOSFET body diode [V]
Ioyr: Output current [A]
tp,: Dead time for rising [sec]
tps: Dead time for falling [sec]

fsw: Switching frequency [Hz]

Gate charge loss

The Gate charge loss is the power loss caused by charging
the gate of the MOSFET. The gate charge loss depends on
the gate charges (or gate capacitances) of the high-side and

low-side MOSFETs. It is calculated with the following

equations.
P; = (Qg—H + Qg—L) X Vgs X fsw  [W] (10)
or
Pg = (Cgs—p + Cs—1) X Vg X fow W] (11)

Q4-y: Gate charge of high-side MOSFET [(]

Q4-.: Gate charge of low-side MOSFET [C]

C¢s—pu: Gate capacitance of high-side MOSFET [F]
Css—1: Gate capacitance of low-side MOSFET [F]
V;s: Gate drive voltage [V]

fsw: Switching frequency [Hz]

Operation loss caused by the IC

The consumption power used by the IC control circuit P;; is

calculated with the following equation.
Pic =Viy X I [W] (12)

Vin: Input voltage [V]

I¢c¢c: IC current consumption [A]

Conduction loss in the inductor

There are two types of the power loss in the inductor: the
conduction loss caused by the resistance and the core loss
determined by the magnetic properties. Since the calculation
of the core loss is too complex, it is not described in this article.
The conduction loss is generated by the DC resistance (DCR)
of the winding that forms the inductor. The DCR increases as
the wire length increases; on the other hand, it decreases as
the wire cross-section increases. If this trend is applied to the
inductor parts, the DCR increases as the inductance value
increases and decreases as the case size increases.

The conduction loss of the inductor can be estimated with the
following equation. Since the inductor is always energized, it
is not affected by the duty cycle. Since the power loss is
proportional to the square of the current, a higher output
current results in a greater loss. For this reason, it is important

to select the appropriate inductors.
Priocry = Ioyr* X DCR (W] (13)

Ioyr: Output current [A]

DCR: Inductor direct current resistance [(]

Since the output current is used in this equation, the average
current of the inductor is used for the calculation. Similar to the
above-mentioned calculation for the conduction loss of the
MOSFET, the loss can be calculated in more detail by using

the ramp waveform for the inductor current calculation.
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Ip—Iy)?
Puiocr) = [lour® + 22| x DCR (W] (14)

Ioyr: Output current [A]
Ip: Inductor current peak [A]
I,: Inductor current bottom [A]

DCR: Inductor direct current resistance []

Loss in the capacitor

Although  several losses are

capacitor—including series resistance, leakage, and dielectric

generated in the

loss—these losses are simplified into a general loss model as
equivalent series resistance (ESR). The power loss in the
capacitor is calculated by multiplying the ESR by the square
of the RMS value of the AC current flowing through the

capacitor.
Peap(esry = lcaprmsy X ESR W] (19)

Icaprms): RMS current of capacitor [A]

ESR: Equivalent series resistance of capacitor [Q]

The RMS current in the input capacitor is complex, but it can

be estimated with the following equation.

VVin = Vour) X Vour
Ieinrms) = Tour X Ve [4]

Vin: Input voltage [V]
Vour: Output voltage [V]
Ioyr: Output current [A]

The RMS current in the output capacitor is equal to the RMS
value of the ripple current in the inductor, and calculated with

the following equation.

Al
Icour(rMs) = 3 (4] (17)

Al : Ripple current of inductor [A]

_ Wiy = Vour) 9 Vour
fsw XL Vin

(4] (18)

Viy: Input voltage [V]
Vour: Output voltage [V]

fsw: Switching frequency [Hz]

L: Inductance value [H]

The losses in the input capacitor P.y and the output
capacitor P;oyr are calculated by substituting the RMS
current in the equation (15) by those calculated in the

equations (16) and (17), respectively.

Total power loss

The power loss of the IC, P, is obtained by adding all the

losses together.

P =Poy_py + Pon-1 + Psw-u + Psw-1 + Pprope + Pcoss +
Pp + Pg + Pic + Prpery + Pein + Peour W] (19)

Pyn—y: Conduction loss of high-side MOSFET [W]
Pyn—1: Conduction loss of low-side MOSFET [W]
Psy_p: Switching-loss of high-side MOSFET [W]
Pgy,_1.: Switching-loss of low-side MOSFET [W]
Ppiopie: Reverse recovery loss of body diode [W]
P¢oss: Output capacitance loss of MOSFET [W]
P,: Dead time loss [W]

P;: Gate charge loss [W]

P;¢: IC operation loss [W]

Py (pcry: Conduction loss of inductor [W]

P¢;n: Input capacitor loss [W]

Pcoyr: Output capacitor loss [W]

Efficiency

Since the total power loss is obtained, the efficiency can be

calculated with the following equation.

n= —vour Xlour (20)
Vour X Ioyr + P

Vour: Output voltage [V]
Ioyr: Output current [A]
P: Total power loss [W]
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Figure 1. Circuit diagram of the synchronous rectification type DC/DC converter
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Figure 2. Switching waveform and loss
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Calculation example (synchronous rectification type)

2 (IP - IV)Z
Prowcry = |lout +T x DCR [W]

Calculation formula Parameters Result
1. Conduction loss Vin ¢ Input voltage 12V
I — )2 v Vour : Output voltage 5.0V
Pon-n = |lour” + u X Roy—p X o (w1 .
12 Vin Ioyr : Output current 3.0 A
L, (s — I,)? Vour Ron_p : High-side MOSFET on-resistance 100 mf
Pon-1 = [IO”T U ] * Ron-1 (1 TV ) w] Ron-. ® Low-side MOSFET on-resistance 70 mf S
m
Win = Vour)  Vour L : Inductance value 4.7 uH 369 mW
al, = fow XL % Vin [4] fsw ¢ Switching frequency 1.0 MHz
Al t,_y : High-side MOSFET rise time 4 nsec
Ip = Ipyr +T [A] . . .
tr_p ¢ High-side MOSFET fall time 6 nsec
b=bw—g£M] t,_, : Low-side MOSFET rise time 2 nsec
2 tr_, + Low-side MOSFET fall time 2 nsec
2. Switching-loss Vp : Forward direction voltage of
L low-side MOSFET body diode 0.5 V
Psw_p = 5 X Vin X Ioyp X (tr—p + tr_p) X fow (W] Irg : Peak value of body diode 180 mw
2
reverse recovery current 0.3 A 3mw
1
Psw-1 = 5% Vp X loyr X (tros + tro) X fsw W] trr : Body diode reverse recovery time 25 nsec
Cps_y ¢ High-side MOSFET drain-source capacitance
3. Reverse recovery loss 40 pF
1 Cep—p + High-side MOSFET gate-drain capacitance 45 mW
Pprope = 7% Vin X Igg X trg X fow [W] 40 pF
Cps_1, : Low-side MOSFET drain-source
4. Output capacitance loss in the MOSFET capacitance 40 pF
Cep-1 : Low-side MOSFET gate-drain
Peoss = 5% Coss—u X Vin® X fsw (W] capacitance 40 pF 5.8 mWw
(7] tpr : Dead time for rising 30 nsec
Coss—y = Cps—y + Cop— F
OsSH bS=H T Gb-H tpy : Dead time for falling 30 nsec
5. Dead time loss Qg-u : Gate charge of high-side MOSFET 1nC
. o 90 mw
Py = Vp X Iour X (tor + th) X fow W] Qg : Gate charge of low-side MOSFET 1nC
Ces—y ¢ Gate capacitance of
6. Gate charge loss high-side MOSFET 200 pF
Ces—1, + Gate capacitance of
Pg = (Qg-n + Qg-1) X Vg5 X fow low-side MOSFET 200 pF
10 mWw
or V;s + Gate drive voltage 5.0V
Py = (Cosn + Casy) X Vgsz X few Icc = IC current consumption 1.0 mA4
DCR : Inductor direct current resistance 80 m()
7. Operation loss caused by the IC ESR¢y ¢ Equivalent series resistance of
input capacitor 3 mQ 12 mW
Prc = Vin X Iec . . .
ESR:our ¢ Equivalent series resistance of
output capacitor 1 mf
8. Conduction loss in the inductor
723 mW
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Calculation example (synchronous rectification type) continued

Calculation formula

Parameters Result

9. Loss in the capacitor

Peiv = Ieinrmsy. X ESRcin (W]

\/(VIN = Vour) X Vour
Ieinms) = lour % Vi [4]

Peour = Icourrmsy % ESRcour [W]
Al
lcourrMs) = 3 [A]

Total power loss

P =Pon-n + Pon-1 + Psw—u + Psw-1 + Ppjope + Pcoss
+ Pp + Pg + Pic + Prwocr) + Pein
+ Peour (W]

6.6 mW
0.5 mW

1.82W

Non-synchronous rectification type

Figure 3 shows the circuit diagram of the non-synchronous
rectification type. In comparison with the synchronous
rectification type in Figure 1, the low-side switch is changed
from a MOSFET to a diode. Power loss is mainly caused by
the 9 factors listed below. There are some differences in how
power loss occurs in synchronous and non-synchronous
rectification types. In the synchronous type, conduction loss is
caused by the on-resistance of the low-side MOSFET; in the
non-synchronous type, conduction loss is caused by the on-
resistance of the diode. In the non-synchronous type, there is
no switching-loss in the low-side MOSFET. In the synchronous
type, there is reverse recovery loss in the low-side MOSFET
body diode; in the non-synchronous type, reverse recovery
loss occurs in the diode. Finally, in the non-synchronous type,
output capacitance loss and gate charge loss occur only in the
high-side MOSFET.

1. Conduction loss caused by the on-resistance of the
MOSFET Pyy_y

2. Conduction loss caused by the on-resistance of the diode
Pon-p

3. Switching-loss in the MOSFET Pgy,_y

4. Reverse recovery loss in the diode Ppopk

5. Output capacitance loss in the MOSFET Pgygs

6. Gate charge loss in the MOSFET P

7. Operation loss caused by the IC control circuit P

8. Conduction loss in the inductor Pp(pcg)

9. Loss in the capacitor P¢y, Pcour

The calculations are shown for the factors that are different
from the synchronous rectification type.

Conduction loss in the diode

While the conduction loss in the MOSFET is determined by
the on-resistance, the conduction loss in the diode is
determined by the forward direction voltage of the diode and
its value becomes large. Since the diode conducts the current
when the high-side MOSFET is OFF, the loss can be
estimated with the following equation.

Pon—p = loyr X Vg X (1 - M) (W] (21)

Vin

Ioyr: Output current [A]

Vi: Forward direction voltage of diode [V]
Vin: Input voltage [V]

Vour: Output voltage [V]

In the case of a buck converter, the on-time of the diode
becomes longer as the step-down ratio gets higher or as the
output voltage gets lower, resulting in a greater contribution to
the power loss of the diode. Therefore, when the output
voltage is low, the non-synchronous rectification type is
typically less efficient than the synchronous rectification type.

Reverse recovery loss in the diode

The reverse recovery loss in the diode is calculated in the
same way as for the body diode of the low-side MOSFET in
the synchronous rectification type. When the MOSFET is
turned ON, the transition from the forward direction to the
reverse bias state of the diode causes a diode recovery,
generating a reverse recovery loss in the diode.
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This loss is determined by the reverse recovery time of the
diode tgpg. From the reverse recovery properties of the diode,
the loss is calculated with the following equation.

1
Pprope = 5 X Vin X Ipg X tpg X fsw [W] (22)

Vvt Input voltage [V]
Irg: Peak value of diode reverse recovery current [A]
tgr: Diode reverse recovery time [sec]

fsw: Switching frequency [Hz]

Output capacitance loss in the MOSFET

In each switching cycle, a loss is generated because the
output capacitance of the MOSFET C,gs is charged. This loss
can be estimated with the following equation.

1
Peoss = 3 X (Cps—p + Cop-n) X Vin® X fow W] (23)

Cps—_y: MOSFET drain-source capacitance [F]
Cep—n: MOSFET gate-drain capacitance [F]
Viy: Input voltage [V]

fsw: Switching frequency [Hz]

Gate charge loss

The Gate charge loss is the power loss caused by charging
the gate of the MOSFET. The gate charge loss depends on
the gate charge (or gate capacitance) of the MOSFET and is
calculated with the following equations.

P = Qg—H X Vgs X fow (W] (24)
or
Pg = Cgs—p X Vgsz X fsw W] (25)

Q4-y: Gate charge of MOSFET [(]
C¢s—p: Gate capacitance of MOSFET [F]
V;5: Gate drive voltage [V]

fsw: Switching frequency [Hz]

Total power loss

The power loss of the IC, P, is obtained by adding all the
losses together.

P = Pon-n + Pon-p + Psw—n + Pprope + Pcoss + Pe + Pic +
PLwcry + Pen + Peour  [W] (26)

Pyn—p: Conduction loss of MOSFET [W]

Pon—p: Conduction loss caused by
on-resistance of diode [W]

Psy_p: Switching-loss of MOSFET [W]

Ppiopie: Reverse recovery loss of diode [W]

Pcoss: Output capacitance loss of MOSFET [W]

P;: Gate charge loss of MOSFET [W]

P;¢: IC operation loss [W]

Py (pcry: Conduction loss of inductor [W]

P¢;n: Input capacitor loss [W]

Pcoyr: Output capacitor loss [W]

l High-side MOSFET
J_ O Rown-n
\ll lec Cop-n
ik u
= ¢l | Cos-u I
s —
PTTSTTTTT T I lour
Cast Vew : (Y\LrY\_{?Dﬂ | ) =
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[

Figure 3. Circuit diagram of the non-synchronous rectification type DC/DC converter
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Calculation example (non-synchronous rectification type)

Calculation formula Parameters Result
1. Conduction loss in the MOSFET Viny ¢ Input voltage 12V
I — )2 v Vour : Output voltage 5.0V
Pon- = |lour” + u X Ron-n X oL (W] .
12 Vin Ioyr ¢ Output current 3.0 A
Wiv = Vour)  Vour Ron-n ¢ MOSFET on-resistance 100 mf2
Al = X A
L fow X L Vin [A] L : Inductance value 4.7 uH 376 mW
_ Al n fsw : Switching frequency 1.0 MHz
= + —
POt Vr Forward direction voltage of diode 0.5V
Al . L
Iy = Ioyr _TL [4] t,—y : MOSFET rise time 4 nsec
tr—y : MOSFET fall time 6 nsec
2. Conduction loss in the diode Igg + Peak value of
diode reverse recovery current 0.3 A
Vour . ] 875 mW
Pon_p = loyr X Vg X (1 -7 ) (W] trg : Diode reverse recovery time 25 nsec
IN
Cps_y * MOSFET drain-source capacitance 40 pF
3. Switching-loss in the MOSFET Cep-un * MOSFET gate-drain capacitance 40 pF
1 Qg-u : Gate charge of MOSFET 1nC 180 mW
Py ==X Viy X 1 X (ty—yg +tr_py) X w
SWoH T © TN ot (tr-r &) X fow W] Ces—y ¢ Gate capacitance of MOSFET 200 pF
) ) Vys + Gate drive voltage 5.0V
4. Reverse recovery loss in the diode .
. Ic¢ + IC current consumption 1.0 mA 45 mw
Porope =5 X Vin X Igr X tgg X fsw W] DCR : Inductor direct current resistance 80 mQ
ESRy : :Equivalent series resistance of
5. Output capacitance loss in the MOSFET input capacitor 3 m(
1 ESRcoyr ¢ Equivalent series resistance qf 5.8 mW
Pcoss = 7% (Cps—n + Cop-m) X Vin® X fsw W] output capacitor  1m
6. Gate charge loss
Pe = Qg-n X Vgs X fow
5mWv
or
P = Cgs—p X V:qsz X fsw
7. Operation loss caused by the IC
12 mw
Pic = Vin X Iec
8. Conduction loss in the inductor
723 mW

W} x DCR [W]

Priocr) = [IOUTZ +
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Calculation example (non-synchronous rectification type) continued

Calculation formula Parameters Result
9. Loss in the capacitor
Pey = ICIN(RMS)Z X ESR¢iy W]
VVin = Vour) X Vour
Ieinerms) = Tour X 7 [4] 6.6 mW
iy 0.5 mw
Pcour = ICOUT(RMS)Z X ESRcour [W]
Al
I =—— |A
COUT(RMS) 2\/§ [ ]
Total power loss
P = Pon-n + Pon—p + Psw—n + Ppjope + Pcoss + P + Pic 223w
+ Procry + Pein + Peour W]

Loss factor

Here we follow how the relative importance of the power loss
factors depends on the specification of the switching power

source.

Figure 4 shows the behavior when the output current is varied
in the synchronous rectification type. When the current is high,
the conduction losses in the MOSFET and the inductor play
major roles. This is because the power loss is proportional to
the square of the current, as shown in the equations (3), (4),
and (14). These losses can be reduced by using MOSFETs
with a low on-resistance and by selecting inductors with a low
DCR. Since parts with lower conduction resistance are
generally larger in size, this selection is a trade-off between
conduction loss and size. In addition, the parasitic capacitance
describe below typically increases as the MOSFET size
increases, causing another trade-off. At low currents, there is
a greater impact from the switching-loss in the MOSFET, the
output capacitance loss in the MOSFET, the gate charge loss
in the MOSFET, and the operation loss of the IC. These
MOSFET-related losses are affected mainly by the parasitic
capacitance values based on the equations (5), (8), (10), and
(11). Although the capacitance value and the loss can be
reduced by using a smaller MOSFET, the current capability is
also reduced in general, causing a trade-off between the
output current value and the size. In addition, since these

values are proportional to the switching frequency, the method

to reduce the loss by lowering the switching frequency is
commonly applied when the current is low. The operation loss
caused of the IC can be reduced by optimizing the circuit

current in the control circuit.

Figure 5 shows the behavior when the switching frequency is
varied in the synchronous rectification type. When operating
at high speed, there are increases in the switching-loss in the
MOSFET, the reverse recovery loss of the body diode of the
MOSFET, the output capacitance loss in the MOSFET, and the
dead time loss. Since these MOSFET-related losses increase
in proportion to the switching frequency as shown in the
equations (5), (7), and (8), it is necessary to select an element
that has a low capacitance and that performs switching
operations at high speed. As mentioned above, although the
capacitance value and the loss can be reduced by using a
smaller MOSFET, the current capability is also reduced in
general, causing a trade-off between the output current value
and the size. To reduce the dead time loss, it is necessary to
shorten the dead time by using a design that operates the
control circuit at high speed—i.e., by combining the control

circuit with a MOSFET that can operate at high speed.

Figure 6 shows the behavior when the output voltage is varied
in the synchronous rectification type. This figure illustrates the
change in the duty ratio of the switching. To make it easier to
understand, the input voltage is set to 10 V, resulting in duty

ratios of 10% and 20% for output voltages of 1 V and 2 V,
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respectively. It is shown that the on-time of the low-side
MOSFET becomes longer with a lower duty ratio, increasing
the conduction loss in the low-side MOSFET, while the on-time
of the high-side MOSFET becomes longer with a higher-duty

ratio, increasing the conduction loss in the high-side MOSFET.

Figure 7 shows the same behavior as in Figure 6, with the
converter replaced by a non-synchronous type. In comparison
with the synchronous type in Figure 6, the conduction loss is
greater in the diode that corresponds to the low-side MOSFET
in the synchronous type. It is also shown that, when the duty
ratio is higher, the difference in the loss between the
synchronous and non-synchronous rectification types is
smaller, since the on-time of the high-side MOSFET becomes
longer. Also, loss in the non-synchronous type become greater
as the duty ratio decreases, since the diode on-time becomes
longer. To reduce such loss, it is necessary to select parts with

diodes that have a lower forward direction voltage.
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Figure 4. Change in loss when output current is varied

(Synchronous rectification type)
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Figure 5. Change in loss when switching frequency is varied
(Synchronous rectification type)
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Figure 6. Change in loss when output voltage is varied
(Synchronous rectification type)
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Figure 7. Change in loss when output voltage is varied
(Non-synchronous rectification type)
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM ROHM Customer Support System

SEMICONDUCTOR

http://www.rohm.com/contact/

www.rohm.com
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