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1. Introduction

R2A20114A seriesis aboost converter control 1C with PFC (Power Factor Correction).
Especially in case that the difference in input and output voltage is small, R2A20114A will improve harmonic current
characteristics compared to conventional R2A20114.

Employing continuous conduction mode (CCM) interleaving PFC, it performs higher efficiency and lower switching
noise even for high power mode. So that, it can be applicable for avariety of applications. Interleaving control of the
boost converters, namely, producing 180 degrees phase shift between the output signals (GD1,2) driving the boost
converters, enables the system to perform high conversion efficiency and low switching noises and, at the same time, to
reduces ripple currentsin input and output current and then this allows use of smaller components such as boost
inductors, input filters and output capacitors.

The R2A20114A is atype of the current sensing by shunt resistor. The shunt resistor is suitable for the application in
the air conditioner field.

The two mode over voltage protection, over current protection are built in the R2A20114A, and can constitute a power
supply system of high reliability with few external parts.

2. Product Lineup and Feature
Table1 R2A20114A Product Lineup and Function List

Item R2A20114ASP | R2A20114AFP
PFC control Continuous conduction mode interleaving
Current detection method Shunt resistor
Package SOP-20 LQFP-40
Protection circuits Brownout detection | Supported Supported
2nd OVP Not supported Supported
Phase error Not supported Supported
Noise reduction Jitter generation Supported Supported
(frequency (But, frequency modulation
modulation) period (dfm)*1 is fixed)
Synchronization with Input Supported Supported
external signal Output Not supported Supported
Efficiency improvement | Phase drop Not supported Supported

Note: *1 Refer to the figure depicted below:
Switching frequency

fim = 17T ———>

time
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3. Block Diagram
3.1 R2A20114AFP Block Diagram (LQFP-40)
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3.2 R2A20114ASP Block Diagram (SOP-20)
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4. Descriptions of the R2A20114A Functional Blocks

4.1 Protection

The over voltage protection, the over voltage protection 2, the over current protection and the feedback open loop
protection are available.

41.1 Over Voltage Protection (OVP)

The over voltage protection has two step protections. Dynamic over voltage protection (D-OVP) discharges COMP pin
voltage when FB pin voltage reaches 1.04 x VFB (2.5 V typ). The Power MOSFET on timeislimited gradually,
therefore the audio noise is avoided because an inductor current does not stop suddenly. Static over voltage protection
(S-OVP) stops an GD signal when FB pin voltage reaches 1.08 x VFB (2.5 V typ). A Power MOSFET turns off quickly
and S-OV P keeps stopping an GD signa till FB pin voltage reaches 1.08 x VFB (2.5 V typ) — 0.08.

4.1.2 Over Voltage Protection 2 (OVP2)
The special pin that isindividual from OV P senses the PFC output voltage.

When OV P2 pin becomes 1.08 x VFB (2.5V typ), a switching stops.

4.1.3 Feed Back Open Loop Detection
The feedback open-loop protection discharges COMP pin voltage during FB pin voltage isunder 0.5 V.

Therefore an GD signal does not appearsin this case. Thereis 0.2 V hysteresis.

4.1.4 Over Current Protection (OCP)

CS pin senses the each Power MOSFET drain current by using an external sense resistor. In case of R2A20114A, when
CS1 or CS2 pin reaches 0.31 V, an GD signal is disable.

-
L

OVP2 OVP2
¥ ]
Turn off ﬁ VFBx1.08V
80mVhys

S-OVP
;
_“-_

—— VFBx1.08V
80mVhys FB

COMP pin

Discharge D-OVE
{ ? +
i -——— VFBx1.04V
4
_“-_

1
L

—+—0.5V/0.2Vhys

Feedback loop open detect

Figure 1
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4.2 Drive Stage

The R2A20114A contains two totem-pole output stages for phasel and phase2.

The source drivability is 100 mA peak and the sink drivability is 1.0 A peak.

If the Qg of Power MOSFET is large or the distance between |C and Power MOSFET islong, please adjust adrive
ability according to the characteristics of using Power MOSFET.

VCC
510
1000 220
GD ] [
68kQ

Q, Rsense

Figure 2 Driver Example

4.3 Soft Start

ON timeincrease gradually by connecting capacitor between SS pin and GND.

SS pin charge current is 28 LA constant current, and SStimeis adjustable by changing capacitor value.

SS pin discharge the capacitor when VCC is under UVLO threshold voltage or FB voltage isunder 0.5V or BO voltage
isunder 0.81V.

VCC
28pA
SS
]
L1 l
UVL CSS
BO
Figure 3
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4.4 Phase Drop (R2A20114AFP)
When the PD signal becomes 2.5V or more, GD2 stopsin order to improve efficiency at light load.

PD

GD1

GD2

Figure 4

R2A20114A prevents output voltage from overshooting / undershooting by controlling slope of internal RAMP signal.

PD

RAMP

With RAMP Change

(Internal)

Level

Without RAMP Change

Current | ~

COMP

Output

Voltage \/

With RAMP Change

Waveform switched from 1 phase to 2 phase

Waveform switched from 2 phase to 1 phase

=

Without RAMP Change | |

B o L W

CH1: AC Input Voltage (500 V/div)

CH3: PFC Output Voltage (10 V/div, 360 V Offset)
CH4: Inductor Current (1 phase) (10 A/div)

Figure 5
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4.5 ERROR Function (R2A20114AFP)

The block diagram of the ERROR pin is shown as follows.
The IC latch can operate when the error occurs by connecting 'ERROR' pin with 'OFF pin.
When the ERROR pin detects E-DELAY/, Phase Error, and OV P2, the ERROR pinis high.

Application Note

VREF

OCP Logic — 3/ A

é?ﬁuA
2.45V

E-DELAY
I L

VREF t ERROR

Latch
(OCP Period)

Phase Error
OVP2

OFF[ Latch [ Turn off

(Vce Reset)

Figure 6

45.1 Error Pin Movement by Overvoltage Protection Detection 2 (OVP2)

When an OV P2 pin voltage becomes it than 1.08 x VFB[ V], the output of GD1,2 stops. The ERROR pin outputs High
meaning abnormality at the same time. When an OV P2 pin voltage becomes less than 1.08 x VFB (2.5 V typ) —0.08[V],
GD1,2 isoutput again, and the ERROR pin becomes Lo from Hi.

45.2 Error Pin Movement by the Phase Error Detection

When the duty ratio of GD1,2 becomes large by abnormal movement such as the open/short destruction of the power
element, the ERROR pin detects the duty ratio and outputs High meaning abnormality (a phase error). The ERROR pin
changes from Hi to Lo again, when the duty ratio of GD1,2 becomes small. The change area of the phase error is shown
below.

1-D, Ton1 Ton2 1-Dy Ton1 Ton2
OUT, = Dy=2>pD,=" OUT, = D=2 <Dy,=2"
error 1-D p 1 Tsw 2 Tsw error 1 D2 1 Tsw 2 Tsw
GD1 On Duty > GD2 On Duty GD1 On Duty < GD2 On Duty
100 ) 100
90— o\ 90 2\
80 High ot De\ec\\ % o WV - 7.
= 70 APnese .- © = 70 02 ~
2 JOOt A 6) O 2 X~ : T
z \\‘\a@m o= exe‘*\\o 2 60 < 5© el @CL\O
a o sV 3 o w?‘\?’.\ A OOQ‘
5 N 5 4 W «::)e‘\‘o‘// <@
8 s0| .- ‘(«\“5‘(\0\"\' 8 a0 (e Q“Q’% &7
20 Q\ \\46“ 20 7 \36\ N
@ O
10 10 N
L B
0 0 Lo A
0 20 40 60 80 100 0 20 40 60 80 100
GD2 On Duty [%] GD2 On Duty [%]
The Phase Error detection level is the same characteristics at light load and heavy load.
Figure 7
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45.3 Error Pin Movement by the OCP Timer Latch (E-Delay) Detection

When an E-DELAY pin reaches 2.45 V because an over current protection circuit continues working, the ERROR
terminal outputs High. After released from over current condition, the error signal becomes Low.

<—>: Charge (36uA)
<-->: Discharge (36uA)

ERROR

(a) The E-DELAY starts charge mode when OCP is detected.
(b) If OCP will not be detected by GD is turned off, the E-DELAY change from charge to discharge mode.
(c) The error signal becomes ‘High’ when reaching the threshold 2.45V of the E-DELAY.

The E-DELAYstarts discharge mode.

Figure 8

4.6 OFF Function (R2A20114AFP)

When OFF terminal is pulled up over 4V (typ.), GD pulseis stop in latch mode. Thislatch modeisreset Vcc terminal
voltage when Vcc voltage is under UVLO Turn-off Threshold voltage.

VREF
36uA

F-DELAY OCP Logic
i A\
I L

&

VREF ERROR Latch é;SGuA
(OCP Period) 2.45V
Phase Error

MCU OVP2

(Vce Reset)

[ OFF
”T[ Latch  [—> Turn off
o

100k (typ)

Figure 9

It is possible to stop in the latch mode when the ERROR signal is output by using the ERROR function and OFF
function. However, ERROR signal may occur during transient operation (starting up, changing load and | nstantaneous
Voltage Drop, etc.). IC may stop in the latch mode by the transient ERROR signals when directly connecting between
the OFF and ERROR pin. Please mask the ERROR signal by using the microcontroller or the like.

Because OFF function responds with signal of about 10 ns, please use noise filter to prevent malfunction. However,

because OFF pinis pulled down by resistor of 100 kQ(typ), please note the resistance value of the external noisefilter
to be operated OFF function.
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4.7 Synchronous Function

R2A20114A switches synchronous mode by inputting Synchronous Signal into RT/SYNC terminal. Synchronous signal
isrise edge trigger operation and GD becomes low by rise edge trigger.

Synchronous mode is latch mode. This latch mode isreset Vcc terminal voltage when Vcc voltage is under UVLO
Turn-off Threshold voltage.

VREF

3.6V/0.75V

Figure 11 Example of Synchronous Circuits

SYNC Mode
(Vcc Reset)

SYNC:Start  [Rise Edge Trigger] ~ SYNC Stop

Sync Signal [N 1) IS N EE N ___25BV
(RT/SYNC)

CT
Normai,il Operation 3 E Syn(éhronous Ops:ralion E Oscillation byilntemal current (25pA) 3
GD1 | !
GD2 |_
Figure 12 Synchronous Operation
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4.8 Synchronous Output Function (R2A20114AFP)
SYNC-O terminal outputs signal to synchronize CT terminal voltage.

CT

SYNC-O
(Internal)

SYNC-O

Figure 13
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5. Design Guide
Note: * Calculation sheet of excel isavailable.

5.1 Boost Inductor
The boost inductor value is determined by an output power and a fixed switching frequency.

A switching frequency must become over 20 kHz which is audio frequency to avoid audio noise of an inductor or an

input capacitor. Generally it isaround 50 kHz.
The boost inductor value is obtained by Equation 1. A conduction lossm input around 0.9.

| = 2 x Vacmin? % (Vout = V2 x Vacmin) x 1 % Fpec ™) Al_Ripple
v x fep x Pout(max) x Vout T

— /v L
_ Al Ripple

_IL_Ac(peak)

= 2
Y /L_AC(peak) ( )

Vacminy: Effective value of minimum input voltage [V(rms)]
Vout: Output voltage [V]

Poutgmax): Maximum output power [W]

1: Efficiency

Fpec: Power Factor

fep: fixed switching frequency[Hz]

Al rigple: Maximum ripple current of Boost inductor
IL_ac(peak): Peak current of Boost inductor

5.2 Output Capacitor

The necessary capacitor value to guarantee voluntary hold-up timeis expressed in the next equation.

2 x Poyt X thoid

Cout [F] 2 (3)

Vout2 - Vout(min)2

thoig [S]: Hold-up time
Vourminy [V]: Minimum output voltage

5.3 Power MOSFET (IGBT) and Boost Diode

A pesk current flowing on a Power MOSFET (IGBT) or aboost diode is expressed in the next equation. A conduction

lossm input around 0.9.

- P, out
Vac(min) * M x Fprc

lin (4)
I (peak) = (1 +7/2) x lin IN2  (5)

lin: Effective value of Maximum input current
I pea): Peak current of Boost inductor

RO3ANO007EJO300 Rev.3.00
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54 Operating Frequency

541 Operating Frequency Setting

The R2A20114A operating frequency fgp is determined by adjusting the timing resistor Ry (the Ry pin, pin 1 of SOP-20
or pin 37 of LQFP-40) and the timing capacitance Cr (the C; pin, pin 2 of SOP-20 or pin 38 of LQFP-40). The
operating frequency is approximated by the following expression.

The expression (6) isthe formulathat was similar so that an error of the range of each capacity value and the resistance
value of figure 14.

Therefore, the calculation result of the expression (6) does not completely accord with the real frequency.

More correct value is calculated by Excel Calculation Sheet, because Excel Calculation Sheet use more complex
formula

2.5

fep = RT/SYNC
eb RTX CT

(6)

It is necessary to select a 7 kQ or more resistance because of the maximum rating of the RT-pin, due to meet Maximum
RT current islessthan 200 pA. If it use FM function, RT current will be large. It is necessary to check RT current
specification. Also, use a 100 pF or more for the timing capacitance to reduce effects from parasitic capacitance and
noise.

As areference, the operating frequency data when the timing resistor and the timing capacitance are changed is shown
in the figure below.

—e— CT =330pF —%—CT=680pF —#—CT=1000pF —— CT=23300pF —&A— CT =6800pF

1000
L Ny —
100 . L_Z: e
N ‘L [ TO_
T N N L ~a
=3 NN | ?ift
o \‘\ vN}\ n
MO N ] %o
10 LTS s
il
& o e
A~ e -
] A
1 10 100 1000
RT [kQ]
Figure 14 Operating Frequency Characteristics
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5.4.2 A Method to Limit Max Duty of GD

By the setting of the drive circuit, On Duty becomes alittle less than 100% value in zero cross of input voltage for the
delay of the MOS gate. As aresult, there is the case that the input current of zero crossis not normal like figure 15.
When such awaveform occurred, Max Duty is limited by connecting resistance between Vref and CT, and an input
current waveform isimproved.

NoFHERE YOKOGAWA  2009/10/16 19:50:08 ZoomH_x_25000.0 Norm:Hi-Res
| S0MS/s

50MS/s Stopped 26
Sms/div

2009/10/16 12:34:24
165

" e
b OO

ng Max Duty

The distortion of the input curre is improved. by limit

MOS gate te

| ] ] |

| H H |
B | 5

- -osuuersy. SRR SRy f
CHLINPUT [ GH2 INPUT CH3 INPUT Ch1- Vin Ch2: GD1 —
DCFul  |DCFul  [IDCFull “Vin . ) ) )
) ) ) : : y ! 5.00 V/div

500 V/div fi)o:? V/div [[10.0 A/div B 10:1 10A:1V 10:1

s LALY Ch3: lin  Ch4: MOS gate

Ch1:Vin Ch2: GD1
Ch3:lin  Ch4: MOS gate

Figure 15-1 The input current waveform Figure 15-2 An input current waveform
with the distortion after Max Duty limit
RT/SYNC
7%—{ CT
VREF

Rct is connected

T1 T2

T1 T2

Figure 16 The Circuit which Limits Max Duty

This1C controls an on pulse of GD by comparing CSO with RMAP. If fall time of the CT is adjusted because resistance
is connected between Vref and CT, the off time for gate drive is adjusted. But Rt and Ct must be adjusted because the
oscillation frequency changes only by adding Rct.

When the fixed number is decided, Please decide the fixed number with the Excel sheet prepared for.
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5.5 Frequency Modulation (FM)
FM function recommends to use only in case that noise trouble occurs.

a) R2A20114AFP
The R2A20114A Frequency Modulation function is determined by adjusting the resistor Rgyr1, the resistor Reyr:

and the timing capacitor Cryc. The operating frequency is approximated by the following expression:;

5.6 x 1076 I
frm = 7 L
FM Cremc x (Veyr —0.2) (7) Remr1 = FMC
V -0.2 =
dfgp = 0.3 x % x fgp (8) Remr2 = j’;CFMC
_ Remr2 fop [Hz]
VEMR =5 x 5———>—— (9 eb.

Revr1 + RFvR2

fem:  Modulation Frequency [Hz]
dfgp: Modulation Frequency Width of operation dfep
frequency [HZz]

fop -
40 S

2T Y e

[a]
O 20

[m]
€ 10 ® CT = 1000pF

¢ CT = 10000pF
0 I I I I [T 1T
10 100 1000
RT [kQ)]

Figure 17 RT Resistor vs. dfgp/fep (VFMR =2.5V)

b) R2A20114ASP
The frequency modulation function of R2A20114A SP can adjust only modulation frequency fry. The modulation

frequency fry is determined by adjusting the capacitor Cqyc. The fry is approximated by the expression (10). In
addition, the Modulation Frequency Width of operation frequency dfsp is determined only by switching frequency
fep. The dfgp is approximated by the expression (11).

_n
<
(@)

femHzl = ——= (10)

56 x 1078 ‘
Crumc x 2.3

dfep [Hz] = 0.3 x fgp (11) Crmc

10
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5.6 Input AC Voltage Sensing

The Full-bridge rectification wave is smoothed by capacitor, applied to the BO pin.
The voltage similar to the Full-bridge rectification wave applied to the VAC pin.

_ 2 \/§>< RBozx Vac
n x (Rgo1 + Reo2)

BO (12)

1

R, R
2uxt, +[ BO1 X BOZJ
Rpo1 + Reo2

Cgo = (13)

Vac: Effective value of minimum input voltage [V(rms)]
fc:  Cutoff frequency [Hz]

a) R2A20114AFP

[YYY)

— ¢ —

\\/\—

Reo1=

!

1BO

\

_Reor= Cgo
Rvact = 2 7],_7

/

JVAC

—o—\\
1

\

Rvaca=

Please defend the following conditions. After decide OV P2 terminal resistors, please decide the values of Ryac; and

I:QVACZ-

Rvac1 _ Rovp2 1
Rvacz Rovp2 2

(14.1)

b) R2A20114ASP
Please defend the following conditions. After decide FB terminal
RVACZ-

Rvac1 _ RrB1
Rvace Rra2

(14.2)

5.7 Resistor of Current Sensing
a) R2A20114AFP

0.3 V2 x Ve x M x Fppe

resistors, please decide the values of Ryaci and

. I Ripple
Rcs < Pout X (2 +7) (15.1) AIL_Rlpple
|
AIL Rippl _—IL_AC(peak)
y= (15.2) I _ac
L_AC(peak)

V. Effective value of input voltage [V]

Pout: Maximum output power [W]

m: Efficiency

Fpec: Power Factor

v: Ripple of boost inductor current

Ali_gipple: Maximum ripple current of Boost inductor [A]
IL_aceak): Peak current of Boost inductor [A]

CSt1or2

<Current sense of R2A20114ASP/AFP>

RO3ANO007EJO300 Rev.3.00
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5.8
5.8.1

Phase Compensation Circuit of Current Amplifier
RS Pin

a) R2A20114ASP/AFP

5.8.2

Current loop frequency characteristics should have set below conditions.
It has enough gain at twice of AC input frequency.

It has enough lower gain at switching frequency.

As a recommendation,

Over 40 dB at twice of AC input frequency

Lx 109 Rovp2 2

Rrs

_ W
Rrs [ 2.5 x Rcs * Rovp2 1+ Rovp2 2 (16) ﬁv o

L: Boost inductor [H]

Rcs: Resistor of Current sense [Q]
Vout: Output voltage[V]

n: Current-sense Transformer turns ratio

CSO Pin

Set zero cross frequency of current loop around 1/10 of switching frequency.
Around —30 dB at switching frequency
How to adjust refers to 5.12.2.

RS

CSO1or2

Current Loop Characteristics

Switching
2*fac(max). Freq.
100 200
80 | 160
: Y |
60 [ T T 120
[ \\\\\ \L ‘
40 b 4 80
: T |
20 F ‘ — ‘ 40
L ] N
r ‘ \\\ '\s_L Y
. 0 r ™N \\\ 0
m b i
g : i N \
c ™ N
s —20 1 \ —40
O] ‘ ™ N
-40 T Y -80
mmi \ N
-60 } N } -120
s M~
-80 [ Zero-Cross T | -160
Phase ‘
_1 00 L1 1111 _200
1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06
Frequency [Hz]
Gain of C-Amp Gain of Current Loop = Phase of Current Loop

Phase [degree]

Figure 18
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59 Resistor of IRAMP Pin

The Riramp must be adjusted to be able to output max power with the minimum input voltage. The Riramp iS
approximated by the expression (17) on the condition that it is operated with CCM in the minimum input voltage and
the max power.

V2 % Vac(mi
Y2 X PACHmIn) _ o o 4076 | ——
Vour x fep Vcso(delta)

) Riramp

7;?“\;\ "y IRAMP

Riramp [Q] = 4 x 10° x [

Veso(delta): Peak voltage of the CSO pin [V]
fep: operating frequency [Hz]

a) R2A20114ASP/AFP

4.5 \/EX POUt X RCS
Vacxn

Vesodeita) [V]1 = (18)

CS1or2

<Current sense of R2A20114ASP/AFP>

5.10 Capacitor of Soft-start

If tssistime when an SS pin voltage reaches Vss, capacity Cssis expressed in the expression (19). Please input 2 V into
Vssin the beginning.

But startup timetssis different by load and an input and output condition. Therefore, please decide the fixed number
after adjusting it while confirming the evaluation board.

28 x 1078 Css
Css [uF] = Vea  Xlss (19) 7%—{ Ss
SS

Vss: SS pin voltage [V]
tss: soft-start time [sec]

Vout

Figure 19 Each Pin Waveform at the Soft-start
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5.11 Protection Functions

5.11.1 OVP2 Voltage Setting
The capacitor(Covp) has the possibility to need as a noise filter.

Rovp2 1% Rovp2 2 Vout = Vovp2
V V] = = == x 2.5x1.08 20
ovp2 [V] Rovpz 2 (20) t
= Rovp2_1
o———T[]ovP2

Covp zi Rovp2_2
SR

5.11.2 E-Delay Setting

36 x 107° Cdelay
Coelay = “os1  * tdelay (21) E-Delay

RO3ANOOO7EJO300 Rev.3.00 Page 18 of 24
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5.12 Output Voltage Setting and Frequency Characteristics of Voltage Loop Mode

5.12.1 Output Voltage Setting

FB pin will be controlled to 2.5 V. So, please choose resistors to meet it.
The capacitor (Crg) has the possibility to need as a noise filter.

Rr1 *+ Res2 Vout
VOUT = W x 2.5 (22) T
=R
— Rea1
o——[1FB
J
Crs =Reaz
A

5.12.2 COMP Parameter Setting
Voltage and current amplifier are transconductance (gm) amplifier. It does not need to feedback for input side.
Therefore, it is possible to minimize influence on input circuit by feedback circuit. Gain of gm amplifier is calculated by
product of transconductance and output impedance. For example of voltageamplifier, it's shown with formula. Gm-v is
transconductance of voltage amplifier. Rvo is output resistor of voltage amplifier itself.
Gy = G x — 1 1 @ e (hoowr
+joCeor ¥ —————— e |

— +
R R

vo eol Reo2 + o | A\/A\/\v
7 Ce02 Reo2

JoCeo2

N

Gm-v: transconductance of voltage amplifier [S]
Rvo: 500kQ total output resistance of voltage amplifier

Gain
A ‘ :
Reo1 Iarglger ‘
| ‘ ReQ2 larger
Ceo2 larger, -\---- - A
Ceo1 larger
o NN
Frequency
Figure 20 Outline of Gain Characteristics
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Voltage loop frequency characteristics should have set below conditions.

It has enough lower gain at twice of AC input frequency.

Zero-cross frequency islower than AC input frequency

As arecommendation,

Over —30 dB at twice of AC input frequency

Set zero cross frequency of voltage loop around 1/5 of AC input frequency.
How to adjust refersto 5.12.2.
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Figure 21
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5.13 An used Pin
The state of the unused pin to recommend of the R2A20114A series is shown by below. All pins except the list shown

below are used.

Table 2 The State of the Unused Pin to Recommend of the R2A20114A

R2A20114AFP R2A20114ASP
LQFP-40 SOP-20
Pin No. Pin Name Pin No. Pin Name The State of the Unused Pin to Recommend
1 FMR — — Open
2 FMC 3 FM GND
4 BO 5 BO Connect to the VREF
6 PD — — GND
8 E-DELAY — — Open
11 ERROR — — Open
12 OFF — — GND
14 SS — — Open
18 OVvP2 — — GND
36 SYNC-O — — Open
— N.C. — — Open
Note: The pin except the above is nhot made unused.
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5.14 Notice for PCB Layout

(1)
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Figure 22

Please make sure PFC | C be located as apart from power stage (MOSFET, DIODE, Boost L) as possible.
Specialy please be careful to MOSFET drain line layout to avoid radiation noise.

Please separate Power-GND and Signal-GND pattern surely and make both GNDs be connected under the output
CAP. The pattern for Power-GND iswidely from output CAP to PGND.
And please place the capacitor between Vcc and AGND.

The pattern for resistance RCS of current detection is made an even phase as short as possible, and it connectsiit
under the output CAP.

Please place COMP/VREF external Parts as close to the IC pin as possible.
Please place thefilter for CS1, CS2 and as close to the IC as possible for avoiding radiation noise.
Please place the FB resistor as close to the I C as possible for avoiding radiation noise.

The pattern for power stage (MOSFET, DIODE, Boost L) partsis shortened as much as possible.
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}INouID 8ALQ

(10)

©)

Figure 23

(8) Itispossibletoreduce MOSFET drain overshoot by widely shortening the pattern, which flows discontinuous
current.

(9) Thereturn-GND of drive circuit should be connect with source of MOSFET(QL1).
The current of return-GND separate with large current(for power circuit) and small current(for drive circuit).

(10) If switching ripple voltage of output istoo large, please place the film capacitor (C3) near diode (D1). Thefilm
capacitor selects the good one of the high frequency characteristic.
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Website and Support

Renesas Electronics Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/contact/
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of ictor products and on examples. You are fully responsible for

the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or
technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on
the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which itis notintended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is notintended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage

range, movement power voltage range, heat radiation characteristics, installation and other product istics. Renesas El ics shall have no liability for malfunctions or damages arising out of the

use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics
products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes
no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and

regulations and follow the procedures required by such laws and regulations.

=
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. Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contacta Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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