JF= Fuiji Electric

Critical conduction mode PFC IC
FA1BOON

Innovating Energy Technology

Datasheet

1. Overview
FA1BOON is power-factor correction converter IC operating in critical conduction mode. It realizes low power
consumption by using high voltage CMOS process. It is equipped with many fault protection functions such as
FB short-circuit detection circuit which stops the operation when abnormal output voltage is detected.

2. Features
» Very Low Standby Power by disusing Input Voltage Detection

Resistors

High-precision over current protection: 0.65V=+2%
Improved power efficiency at light load due to Maximum
Frequency Limitation

No Audible Noise at Startup by overshoot reduction circuit
Low current consumption by CMOS process

Start-up : 300pA(max.), Operating : 1.2mA(typ.)

Enabled to drive power MOSFET directly

Output peak current, source : 0.5A, sink : 1A

Open/short protection at feedback (FB) pin

Under-voltage Lockout, 13V ON / 9V OFF

External signal-linked ON/OFF function built in FB pin
8-pin package: SOP-8

3. Circuit diagram
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4. Block diagram
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5. Description of pin functions

Pin No. Pin name 1/0 Description Note

1 FB | Voltage feedback input, Static over voltage protection(SOVP) , *1
FB short protection, Under voltage protection(UVP)
2 COMP I/0 Error amplifier compensation *1
3 RT (0] Maximum on time setting *1,%2
4 CS | Current sense input, Over current protection *1
5 ZCD | Zero current detect input *1
6 GND — Ground —
7 ouT @) Output —
8 VCC | Power supply, Under Voltage Lock Out(UVLO), -
Over Voltage Protection(OVP)
Notes)
*1. Connects capacitor between pin and GND VCC OUT GND ZCD
*2. Connects resistor between pin and GND g1 71 61 [5]
-
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6. Rating and characteristics
Malfunction or element damage can occur when exceeding the absolute maximum ratings.
The current value “-” represents the source, and “+” the sink.

(1) Absolute maximum ratings

Item Symbol Rating Unit
Supply voltage *1 Vcce -0.3 10 33 V
Voltage at OUT pin Vout -0.3 to Vcc+0.3 \%
Output peak current source or sink *1 %2 lo -500 to +1000 mA
Control pin input voltage(FB) Vinfb -0.3t05.3 \%
Control pin input current(FB) linfb +100 to -100 A
Control pin input voltage(COMP) Vincomp -0.31t05.3 \%
Control pin input current(COMP) lincomp +100 to -100 A
Control pin input voltage(RT) Vinrt -0.31t05.3 \%
Control pin input current(RT) linrt +100 to -100 A
Control pin input voltage(CS) Vincs -0.31t05.3 \%
Control pin input current(CS) lincs +100 to -100 A
ZCD Voltage inputs Vinzcd -3.5t07 \%
Zero current detect input ~ High state forward current +2

linzed mA
Low state reverse current -2
Power dissipation*1
(o250 Pd 625 mw
Operating junction temperature Tj -40 to +150 °C
Storage temperature Tstg -40 to +150 °C
Notes)

*1 Please consider power supply voltage and load current well and use this IC within
maximum temperature in operation. The IC may cross maximum power dissipation at
normal operating condition by power supply voltage or load current within peak current
absolute maximum rating value

*2 The period that exceeds 500mA must be 100ns or less.

*Allowable loss reduction characteristic
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ltem Symbol Min Typ Max Unit
Supply voltage Vce 10 12 24 \
VCC pin electrolytic capacitor Cvece 10 - 47 uF
VCC pin ceramic capacitor Cvece 0.1 - 1 uF
RT pin resistance Rrt 20 39 200 kQ
RT pin capacitor Crt 0. 001 0.01 0. 022 uF
F.B.pln reS{stance (output voltage Rib 1 i 20 MQ
divider resistor)
CS pin filter resistance(fig. below) Resf 47 - 100 Q
ZCD pin current |zcd - - +1.5 mA
Operating ambient temperature Ta -40 - 105 °C

*The recommended operating conditions are to ensure that the product operates properly.

Use beyond these conditions can adversely affect operation and reliability.

*Use only after checking the operation with the actual device.

(3) Electrical characteristics (DC characteristics)

The measurement conditions are as follows, unless otherwise specified. The voltages described in the conditions

are DC input, not AC input.

Tj=25°C,Vec=12V, Vib=2.4V,Vcomp=4.2V,Vcs=0V, Vzcd =0V, Rrt = 39 KQ, OUT pin open

Caution)

(1) We have not conducted a complete number of tests for items indicated with a “*1”. The standard values are

guaranteed by design.

(2) There are no guaranteed values for fields marked with a “-”".
(3) In the output current characteristics, “-” represents the source current and “+” the sink current.

Error amplifier (FB pin, COMP pin)

ltem Symbol Conditions MIN TYP. MAX. Unit
Voltage feedback input Vib 2 475 25 2 595 Vv
threshold
Line regulation Regline Vce=10V to 24V -20 -10 +20 mV
Temperature stability *1 VdT Tj=-30 to 85°C - +0.5 - mV/°C
Vfb(DC)=2.4V, 2.6V.
Transconductance Gm VCOTp(DC)=Vfb 40 80 120 umho
Gm=Ilcomp_2.6-
lcomp_2.4/(2.6-2.4)
Vfb(DC)=1.0V ) i i
Output source current Icompso Vcomp(DC)=Vib 45 30 15 UuA
. . Vfb(DC)=2.65V,
Output sink current Icompsi Vcomp(DC)=Vib 6 12 18 UA
0.92 0.94 0.96
COMP pull-up FB voltage *2 | Vfb_co pull Vfb(DC) decrease « Vfb % Vfb % Vfb \Y,
FB voltage drop COMP pull- Vfb(DC)=2.0V
up resistor *2 Rcomp_pul Vcomp(DC)=1.0V 40 50 60 kQ

*2: If the FB pin voltage falls below the “COMP pull-up FB voltage”, the COMP pin is pulled up by the
“COMP pull-up resistor at FB voltage drop” (except at startup).

June,2020 DS-201_E Rev1.0

4/28

© Fuji Electric Co., Ltd. All rights reserved.




@ Fuji Electric Innovating Energy Technology
FA1BOON Datasheet

Lamp oscillator (RT pin, COMP pin, FB pin)

ltem Symbol Conditions MIN. TYP. MAX. Unit
Vfb(DC)=2.4V

OUT pin maximum on time

X Tonmax Vcomp(DC)=4.2V 9.5 13 16.5 ps
(At normal operation) Rrt = 39 kQ
OUT pin maximum frequency Fmax Rrt = 82 kQ 180 250 320 kHz
Maximum frequency Voltage *3 Vfbmax Vfb(DC) increase 0.9 1.1 1.3 \%

. Vcomp(DC) decrease

COMP pin threshold voltage for |\, . | Switching at OUT pin | 0.54 06 0.66 v
stop switching at OUT pin stop
RT pin output voltage Vrt Vfb(DC)=2.4V 0.95 1.1 1.25 \%
COMP pin clamp voltage Vclpcomp Vfb(DC)=1V 4.1 4.2 4.3 \%

*3: After starting the IC, until FB pin voltage goes over the "Maximum frequency voltage" once, off-time of the
OUT pin is "Restart timer delay ". And it goes over "Maximum frequency voltage" once, off-time of the OUT
pin is "OUT pin maximum frequency lock time " or " (1/*OUT pin maximum frequency") - "OUT pin on time""

Overvoltage protection comparator (FB pin)

ltem Symbol Conditions MIN. TYP. MAX. Unit
Vib(DC) increase
o . 1.070 1.090 1.105
Vsovph SwnehmgsjtgtpOUT pin Vb % Vfb % Vfb \Y
Static OVP Vib(DC) decrease
N : 1.020 1.040 1.060
Threshold voltage Vsovpl Switching at OUTPIn | vy | vo | xvib |V

0.030 0.040 0.060
Vsovphys Vsovph — Vsovpl x Vb x Vib x Vib \

Pull up current Ipullup Vfb=2.5V -2.6 -2.0 -1.4 pA
Dynamic OVP Vfb(DC) increase 1.025 1.050 1.075 Vv
Threshold voltage Vdovp Ton=Tonmax x 0.7 x Vib x Vib x Vfb
Staric to dynamic OVP (70%) 0.010 0.030 0.050
Vhyssd Vsovph-Vdov \Y
hysteresis voltage yes i i xVib | xVib | xVib
COMP pin pull down Rcomp_ VFB (DC) > Vsovph
resistance at sovp *4 sovp VCOMP(DC) =1.0V L.75 250 325 kQ
*4 FB pin voltage becomes over “Static OVP threshold voltage ”,
COMP pin is pulled down by “COMP pin pull down resistance”.
FB short circuit detection comparator (FB pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
FB pin Vfb(DC) increase
Threshold voltage Vihfb Switching at OUT pin stop 0.15 0.35 0.55 v
Current sense comparator (CS pin)
Item Symbol Conditions MIN. TYP. MAX. Unit

CS pin threshold voltage for Vihesh Vcs increasing
stop switching at OUT pin DC input voltage

CS threshold voltage
Temperature dependency *1

0.637 0.65 0.663 \%

Vtheshdt Tj=-40°C~85°C -1.5 - +1.5 %

Vcs(PULSE)
High level =700mV
Low level = OV
dVv/dT= 40V/us

Delay to output Tphl 100 180 400 ns

-
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Zero current detection (ZCD pin)

Iltem Symbol Conditions MIN. TYP. MAX. Unit
ZCD pin threshold voltage for . .
stop switching at OUT pin Vthzcdh Vzcd(DC) increasing 0.884 0.95 1.017 \Y,
ZCD pin threshold voltage for :
start switching at OUT pin Vthzcdl Vzcd(DC) decreasing 0.585 0.65 0.715 \%
Hysteresis voltage Vhyszcd Vthzcdh-Vthzedl 0.2 0.3 0.4 \Y
Inout cl It Vih Isource=-3.0mA 5.6 6.6 7.6 V
nptt clamp volage Vil Isink=+3.0mA 2.9 1.9 0.6 v
Vzcd(pulse) :
High level=2V
Minimum detect pulse width T Low level=0.3V 150 i i ns
*1 dv/dt= 40V/us
Vzcd low pulse width
decrease
Vzcd(pulse) :
High level=2V
Delay to output Tzcd Low level=0.3V 100 140 300 ns
dv/dt= 40V/us
Maximum frequency lock time Tzcdmax Vre(DC)=2.4V 1.7 25 3.3 us
Temperature stability of
maximum frequency lock time |  Vzcdmaxdt Tj=-40°C to 85°C - +5 +10 %
*1
Output (OUT pin)
Iltem Symbol Conditions MIN. TYP. MAX. Unit
Vcomp(DC)=0V i
Output voltage low state Vol Isink(OUT)= 200mA 1.2 3.3 \Y
Output voltage high state*1 Voh Isource(OUT)= 50mA 8 9 10 \%
Output voltage rise time Tr Cout=1000pF - 50 120 ns
Output voltage fall time Tf Cout=1000pF - 25 100 ns
Restart timer (ZCD pin)
Iltem Symbol Conditions MIN. TYP. MAX. Unit
OUT pin restart _
timer delay Tdly Vre(DC)=0.8V 15 30 45 us
Low voltage protection (VCC pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
Vce(DC) increase
Startup threshold voltage Von Switching at OUT pin start 115 13 14 \
Vcc (DC) decrease
Shutdown threshold voltage Voff Switching at OUT pin stop 8 9 10 \%
Hysteresis width Vhysvce Von — Voff 3 4 5 \%
. Vvee (DC) > Voff
*
NMOS on resistance *2 Rcomp UVLO Vcomp (DC)=1.0V 1.75 25 3.25 kQ
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Consumption current (VCC pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
Startup power supply current Istart Vce(DC)=Von-0.1V 100 200 300 MA
Operating power supply lcc Cout=OPEN 0.3 0.8 13 mA
current
Dynamic operating power lop Cout=1000pF 0.5 12 1.9 mA
supply current
Stand-by current Istb Vfb=0V - 30 60 MA

VCC overvoltage protection (VCC pin)

Item Symbol Conditions MIN. TYP. MAX. Unit

VCC overvoltage protection VCC increase

operation Vccovph oo 25 27 29 \Y,
Threshold voltage OUT switching stop

VCC overvoltage protection VCC increase

release Vccovpl oo 22 24 26 \%
Threshold voltage OUT switching start

Hysteresis width Vhysovp Vccovph-Vecovpl 2 3 4 \Y,

Overshoot reduction (FB pin, COMP pin)
ltem Symbol Conditions MIN. TYP. MAX. Unit

Overshoot reduction operation . 0.96 0.98 0.995
FB pin voltage *5 Vihtbovs Vib(DC) increase x Vb x Vfb x Vfb v

COMP pin pull-down resistor
at overshoot reduction Rcomp_ovs Vfb (DC) increase 1.75 25 3.25 kQ
operation *1 *5

Overshoot reduction

Operating time *1 *6 Tovs Vfb (DC) increase 1 2 3 ms
Vcomp_ovsh Vcomp(DC) increase 0.70 0.75 0.80 \%
Overshoot reduction release
COMP pin
Threshold voltage *6
Vcomp_ovsl Vcomp (DC) decrease 0.55 0.60 0.65 \%

*5  If the FB pin voltage exceeds the “overshoot reduction operation FB pin voltage” at startup, pull-down
will occur via the “COMP pull-down resistor at COMP pin overshoot reduction operation”.

*6  If the overshoot operating time elapses or if the COMP pin voltage falls below the “overshoot reduction
release COMP pin voltage”, pull-down will be released.

-
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7. Characteristic curve
The measurement conditions are as follows, unless otherwise specified.
Tj=25°C,Vecc=12V,Vfb=2.4V,Vcomp=4.2V,Vecs=0V, Vzcd =0V, Rrt = 39 kQ, OUT pin open

Notes)
(1) The current specification

represents the source, and “+” the sink.
(2) The data described here shows the characteristics of typical ICs and does not guarantee the characteristics.
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Current sense comparator maximum _ Maximum frequency lock time (Tzcdmax) vs.
threshold(Vthcs) vs. junction temperature(Tj) junction temperature(Tj)
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The IC has been designed to facilitate control of power factor improvement converters that utilize a boost chopper or
flyback. It makes use of critical mode operation. This section uses the boost chopper schematic diagram in Fig. 1 to
summarize the two types of operation: switching operation and power factor improvement operation.
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D1 Vo

0.95V(typ.)
10.65V(typ.)

RT

SD
;;7 é FA1BOON

TIMER Restart -O

2uA(®

Fig. 1: Schematic operation circuit block

(1) Switching operation
The IC performs switching operation in critical mode via
self-oscillation without the use of an oscillator. An overview
of the switching operation waveforms in steady state is
shown in Fig. 2. The operation is as follows:

tl. When Q1 is turned on, the current of the inductor (L1)
rises from zero. Furthermore, the output Vramp of the
lamp oscillator rises when Q1 is turned on.

t2. The PWM comparator compares the output Vramp of the
lamp oscillator with the output Vcomp of the error
amplifier. If Vramp > Vcomp, Q1 is turned off and the
output of the lamp oscillator is decreased. When Q1
turns off, L1 voltage is inverted, and L1 current
decreases while providing current to the output side via
D1. At such a time, the voltage of the auxiliary winding is
also inverted and a positive voltage is generated.

t3. When L1 current completely returns to zero, L1 voltage
resonates with the parasitic capacitors inside the circuit
and decreases rapidly. At the same time, the voltage
Vsub of the auxiliary winding in L1 also decreases
rapidly.

t4. When the Vsub drops to the internal reference voltage of
0.65 V (typ.), the output of the zero current detector
(ZCD.comp) becomes high, a pulse is output from the
lamp oscillator, Q1 is turned on, and transition is made to
the next switching cycle (t1).

ouT
(Q1 gate)

ot |

Vds I

IL1

Vcomp

Vramp
PWM.comp. Il

output
(reset)

Vsub

ZCD.comp.
output

RAMP.OSC
output

t1 2 t3t4

Fig.2: Waveforms of each part of switching
operation (overview)

Switching continues in critical mode by repeating the operations described in t1. to t4.
In the critical mode based power factor improvement circuit, the switching frequency constantly changes in
accordance with each of the instantaneous values of the AC input voltage. Moreover, the switching frequency

also changes when the input voltage or load changes.
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(2) Power factor improvement operation of the boost
chopper PFC

As described in the switching operation section, the
current flowing through the inductor is a repeating
triangular wave. The mean value of this continuous
triangular wave-like current (IL1(mean)) becomes 1/2 of the
peak value (IL1(peak)). (Fig. 3)
By controlling the peak values of the inductor currentin a
sine wave-like manner and removing the ripple current
associated with switching, the current flowing from the AC
input power supply can be made into a sine wave.

ILi(peak)

ILa

ILi(mean)
=1/2 X lu(peak)

ﬁ Expansion

2 X lin(peak)

IL1

ﬂ The ripple current

that accompanies
switching is removed
atCl

lin

Fig. 3: Power factor improvement operation
waveform for the boost chopper circuit

The FA1BOON makes use of a control method
characterized by on-width fixed control as shown in Fig. 4.
On-width fixed control determines the on-width of the IC

output (Power Mos gate signal) by coinciding the sawtooth

wave with the error amplifier. Since the output of the error
amplifier is constant when the load is constant, the on-
width will also be constant.

Since the slope of the inductor current depends on the
input voltage (the slope becomes steeper as the input
voltage increases) and the on-width is constant, the peak
waveform of the inductor current will have the same AC
waveform as the input voltage, thus enabling the power
factor improvement operation.

June,2020 DS-201_E Rev1.0
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same AC waveform as the input
voltage
(Power factor improvement operation)

Inductor current average
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Fig. 4. On-width fixed control (overview)
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9. Description of each block operation

The standard values in the following explanations are
typical values unless otherwise specified.

(1) Error amplifier
The error amplifier controls the output voltage in order
to ensure a constant voltage. The IC uses a
transconductance amplifier. The transconductance
amplifier uses the voltage as the input signal and the
current as the output signal.
The non-inverting input pin is connected to a 2.5 V
internal reference voltage inside the IC.
The inverting input pin is used to input the output
voltage of the power factor improvement converter. It
inputs the normal converter output voltage via
resistance voltage dividing. Furthermore, the inverted
input is connected to a constant current source of 2 pA
inside the IC to enable the FB open detection function.
The error amplifier output (COMP) is connected to the
PWM comparator to control the on-width of the OUT
output.
The output voltage of the PFC often contains twice as
much frequency ripple as the normal AC line
frequency (generally, 50 or 60 Hz). If aripple
component corresponding to twice the frequency of
the AC line has a considerable influence on the error
amplifier output, the power factor improvement
converter will not operate stably. Therefore, phase
correction is usually implemented by connecting a
capacitor or resistor between GND and pin 2 (COMP),
i.e., the output of the error amplifier.

Vout
O RAMP
0osc
2UA
wll o o
1 ~ERRAMP ouT
N ] PWM FIFe
L Comp JLIL

; VREF(2.5V) | —

R2 5 ic3

COMP/

@
R3
Q JC4

"L

(2) Overvoltage protection circuit (OVP)
This circuit limits the voltage when the output voltage of
the power factor improvement converter exceeds the set
value. The output voltage of the converter may also rise
above the set value at certain times, such as when the

Fig. 5: Error amplifier peripheral circuit

converter starts up or when there is a sudden load change.

In such a case, the rise in the output voltage will be
suppressed and the circuit protected.

FA1BOON comes equipped with a dynamic OVP function
that linearly limits the on-width when it reaches 1.05 times
the FB pin voltage Vfb, as well as a static OVP function
that stops the OUT pin output when it reaches or exceeds
1.09 times the Vib.

June,2020 DS-201_E Rev1.0
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Normally, FB pin voltage operates at 2.5 V, which is
approximately the same as the reference voltage of the
error amplifier. If the output voltage rises due to start-up or
sudden load change and the FB pin voltage rises above
2.5V, the on-width will first be narrowed by the dynamic
OVP function. If it continues to rise and exceeds the
comparator reference voltage, the output of the output
voltage of the comparator (OVP) will then be inverted and
OUT pin output will be stopped. (Fig. 6)

When the output voltage returns to a value less than or
equal to 1.05 times the reference voltage, the pulse will be
output from the OUT pin again.

On-width

| FB voltage
Vib  Vfb x1.05 Vfb x1.09

2.5V(typ.)

Fig. 6: On-width during overvoltage

(3) FB short circuit/open detection circuit
In the FB pin peripheral circuit of the boost chopper circuit
shown in Fig. 7, if no voltage is input to the FB pin, such as
when the resistance voltage-dividing circuit of the FB pin
has an R2 short circuit failure or R1 open failure, the error
amplifier will not be able to control the constant voltage and
output voltage will rise abnormally. In such a case, the
detection of the output voltage will be abnormal, and this will
also prevent the overvoltage protection circuit from
operating.
In order to avoid this, the IC includes an integrated FB
short-circuit detection circuit.
This circuit is composed of a reference voltage of 0.35 V
(typ.) and a comparator (SP). If the input voltage of the FB
pin falls below 0.35 V due to an R2 short circuit failure or
R1 open failure, the output of the comparator (SP) will be
inverted, and the OUT output and internal circuit of the IC
will be stopped.

Furthermore, if there is an open failure between the FB
pin and the resistance voltage-dividing circuit, the FB pin
voltage will be forcibly raised by a 2 pA constant current
source connected to the FB pin inside the IC. Since the
error amplifier output (COMP) voltage is reduced due to
the rise in FB pin voltage, the OUT output will be stopped
or PFC output voltage reduced.

© Fuji Electric Co., Ltd. All rights reserved.



JF= Fuiji Electric

Innovating Energy Technology

FA1BOON Datasheet

Vout

ZUA(E Vb(2.5V)
R1 3 N
Y Erramp

SP Comp
> SP

I_— Vthfb(0.35V)
|—— Vsovph(1.09 x Vfb)

SOVP

SOVP Comp

|—— Vdovp(1.05 x Vfb)

Ramp OSC
Dynamic OVP

Fig. 7: FB pin peripheral circuit

(4) Ramp oscillation circuit
The ramp oscillation circuit receives a signal from the zero
current detection circuit or restart circuit, and outputs an
F/F set signal for OUT output and a sawtooth wave signal
for PWM comparator duty determination.

(4-1) Maximum frequency limitation

The critical mode PFC switching frequency rises during
light loads.

FA1BOON includes a maximum frequency limitation
function to improve efficiency during light loads. The rise in
frequency is limited to Fmax (Hz) during light loads. (Fig.
8)

Maximum frequency Fmax is determined by the resistor
connected between the RT pin and GND.

When the switching frequency is at or below maximum
frequency Fmax, it is turned on when Vds is at the bottom
through detecting a zero level inductor current and turning
the MOSFET on, as shown in Figure 9.

When the switching frequency is limited to maximum
frequency Fmax during a light load, it is turned on at a
cycle of 1/Fmax without detecting a zero level inductor
current and turning on after the zero current detection
delay Tzcd, as shown in Figure 10.

SW frequency

|
}
|

Fmax|

N
7

Load

Fig. 8: Maximum frequency limit
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Inductor current

MOSFET Vds

T > 1/Fmax

Fig. 9: SW frequency at or below maximum frequency

Inductor current

MOSFET Vds

1

|
|
: Tzcd
I T=1/Fmax '

Fig. 10: Frequency limited to maximum frequency

(5) Zero current detection circuit
This IC performs switching operations in critical mode,
which uses self - oscillation rather than a fixed frequency
from the oscillator.
Zero current detection circuit ZCD.comp is used to detect
that the inductor current has dropped to zero, in order to
perform critical mode operations.
The voltage from the auxiliary winding (sub) attached to
the inductor is input to the ZCD pin at the polarity shown in
Figure 11. When this happens, a positive voltage will be
generated for the auxiliary winding during the off period of
the MOSFET. Then, once the inductor current falls to zero,
the auxiliary winding voltage suddenly drops. This voltage
drop is detected by ZCD.comp to make transition to the
next cycle, and the ramp oscillation circuit (RAMP OSC)
sends the set signal to the R-S flip-flop and turns the
MOSFET on.
The voltage of the auxiliary winding changes significantly
depending on factors such as the circuit or input voltage. It
therefore includes a clamp circuit with an upper limit of 6.6
V and a lower limit of -1.9 V.

© Fuji Electric Co., Ltd. All rights reserved.
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@ D1
al [0 JRe
=%

c7 R5
20 I
I RT
o) ®
6.6V/-1.9V
L. OUTH
RAMP [~ FIF
0.95V/0.65V OSC = bwMm
Comp

ZCD.comp

Fig. 11: Zero current detection
peripheral circuit

(6) Overcurrent detection protection circuit
The overcurrent detection protection circuit detects the
inductor current and then protects the MOSFET by turning
OUT output off when the current is at a certain level or
higher. (Fig. 12)
During overcurrent detection, the voltage generated in
current detection resistor Rs (connected between the
MOSFET source and the GND line) is input to the CS pin
and then compared by the overcurrent detection
comparator. If the CS pin voltage is 0.65 V or higher, it is
output as an overcurrent state. When an overcurrent is
detected, OUT output F/F is reset and the MOSFET is
turned off.

L1 D1
S | =( 3 C2
Rs
R4
BB
Csr\
4)
OCP.comp Output circuit

. section
> R Q>
L

0.65V T 4\_5

RAMP.OSC

Fig. 12: Overcurrent protection circuit
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(7) Restart timer
This IC uses self - oscillation rather than a fixed frequency
from the oscillator to turn the MOSFET on using a signal
from the zero current detector when in a steady state.
However, some kind of trigger signal will be required when
generating the initial on signal (such as during startup) or
when performing stable operations during light loads. This
IC therefore includes a restart timer.
During startup, the restart timer generates a trigger signal
while the ZCD pin voltage is at a low level and the off
period for OUT output continues for at least 30 us, up until
the point where the FB pin voltage exceeds maximum
oscillation frequency operation voltage Vfbmax (1.1 V)
once.
If the FB pin voltage is equal to or greater than maximum
oscillation frequency operation voltage Vfbmax (1.1 V), itis
turned on in a state limited to the maximum frequency due
to the ZCD pin voltage being at a low level.
This allows for stable operation even during startup or
under a light load.

(8) Under voltage lock out (UVLO)
The built-in under voltage lock out (UVLO) prevents circuit
malfunction when the power supply voltage drops.
As the power supply voltage rises from zero, it begins
operating at 13 V for FA1BOON.
Once operation begins, as the power supply voltage drops,
it stops operating at 9 V, and the capacitor connected to
the COMP pin is discharged by the discharge circuit inside
the COMP pin.
The under voltage lock out operates, and then the OUT pin
switches to low and output is blocked while the IC is
stopped.

(9) External signal-linked ON/OFF function
This IC contains a function that allows an external signal to
stop OUT pin output. There are two possible methods. The
first is to pull down the FB pin voltage to 0.35 V or less
(Figure 13), while the second is to pull down the COMP pin
voltage to 0.6 V or less (Figure 14). In the first method, a
rise in the FB pin voltage is detected once the pull down
has been released and OUT output begins, and then the
overshoot reduction function operates.

© Fuji Electric Co., Ltd. All rights reserved.
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O
R[] g

2uA(§ Vib(2.5V)
@

g ] 7o

-
(T— >_>
\/ Erramp

I__ Vthfb(0.35V)
+

SP

SP Comp

Fig. 13: ON/OFF using FB pin

COMP

R3

o C4

I

2

Erramp

PWM Comp

-

Ramp

Fig. 14: ON/OFF using COMP pin

(10) Overshoot reduction circuit
FA1BOON contains an overshoot reduction function to
suppress output voltage overshooting during startup. The
overshoot reduction circuit temporarily pulls down the
COMP pin voltage once the overshoot reduction
operation start FB voltage (0.98 x Vfb) or higher is
reached from UVLO release, curbs output voltage rising
by limiting the on width of the OUT pin, and reduces

overshooting. (Fig. 15)

0.98xVfb
{typ.)

FB

COMP

Innovating Energy Technology
FA1BOON Datasheet

(11) Under output voltage protection 1 (UVP1)

When the PFC output voltage decreases due to a
dynamic load change and so on, the FA1BOON can
suppress a rapid decrease on the PFC output voltage.
This function is the Under output voltage protection
(UVP).

If the FB pin voltage lowers to “FB pin threshold voltage
when COMP pin pull up (0.94*Vib)”, the improvement of
the load response function is operated, and the COMP
pin is temporarily pulled up by the COMP pull up
resistance inside IC. Then ON width of the OUT pin pulse
gradually increases according to the COMP pin voltage, it
suppresses a rapid decrease on the PFC output voltage
(see Fig.16).

The FB pin voltage rises to above “FB pin threshold
voltage when COMP pin pull up (0.94*Vb)” again, this
function is canceled.

Light Load -~ Heavy Load -~
A
FB —
0.94xVfb (typ.)
COMP
our MR

operation period
when improvement of the load response

Fig. 16: Under output voltage protection operation

(12) Output circuit section

The output area has a push-pull circuit structure where the
MOSFET can be driven directly.

The peak current in the output area will be sink 1 A and
source 0.5 A at maximum.

Overshoot reduction
operation period
(COMP pull down)

Fig. 15: Overshoot reduction function
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10. Pin usage
The standard values in the following explanations are
typical values unless otherwise specified.

(1) Pin No. 1 (FB pin)
[Function]
(i) Inputs a feedback signal for setting the output voltage
(ii) Detects FB pin short circuits.
(i) Detects an output overvoltage state.
(iv) ON/OFF from external source

[Usage]

(i) Feedback signal input.

» Connection method
Connect the voltage-dividing section of the resistor circuit
for setting the output voltage, as shown in Figure 17.

* Operation
The resistance voltage is divided for PFC output voltage
Vout, and the voltage input to the FB pin is controlled so
that it matches the internal reference voltage (2.5 V).

The FB pin is detected as open, so a pull-up current
(Ipullup) flows into the FB pin. This current flows to GND
over R2. Therefore, this current must be taken into
consideration and resistors R1 and R2 must be set when
setting the output voltage (Vout).

VREF
Vout = (T - Ipullup) x R1+ VREF

VREF : Reference voltage = 2.5V
Ipullup : FB pin pull-up current = 2 uA

Connect capacitor C3 (from 100 pF to 0.01 yF) between
the FB pin and GND to prevent malfunctions caused by

noise.
Vout
2uA{g Vib(2.5V)
R1 Y
FB/:L\ > COMP
=4 Erramp
R2 c3

SP Comp
SP

Vthfb(0.35V)
Vsovph(1.09 x Vfb)

SOVP

SOVP Comp

|—— Vdovp(1.05 x Vfb)

Ramp OSC
Dynamic OVP

11

Fig. 17: FB pin circuit
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(ii) FB pin short circuit detection

» Connection method
(i) The same as feedback signal input.
» Operation

When the input voltage of the FB pinis 0.35 V or less
due to a short circuit or other failure in resistance
voltage-dividing circuit R2, the output from the
comparator (SP) is inverted and output from the IC is
stopped.

(iii) Output overvoltage detection

» Connection method
(i) The same as feedback signal input.
» Operation

The normal FB pin voltage operates at nearly the same
reference voltage (2.5 V) of the error amplifier. If the
output voltage rises for some reason and the voltage of
the FB pin reaches the reference voltage of the
comparator (1.09 x Vfb), the output from the comparator
(OVP) will be inverted for that period of time, and the
OUT pulse will be stopped. When the output voltage
returns to a normal value (1.04 x Vfb), the OUT pulse will
be output again.

(iv) ON/OFF from external source

oJ R2 Cc3

« Connection method

Connect a MOSFET or the like between FB and GND,
as shown in Figure 18.

» Operation

The OUT output and internal circuit of the IC stop when
the FB pin voltage is pulled down to Vthfb_| or lower.
When the FB pin is used to turn the IC ON/OFF, the
internal circuit is stopped, so the current consumption of
the IC switches to the current when a switching stop
signal is input (30 uA). This makes it possible to
suppress the power consumption of the IC. However, the
overshoot reduction function will not function if the VCC
pin voltage does not fall below operation stop voltage
Voff and the IC is not reset first.

Vout

ZUAEQ |j Vib(2.5V)
R1 FB >_>
N
1J Erramp

I_— Vthfb(0.35V)
+

SP
SP Comp

Fig. 18: ON/OFF using FB pin

© Fuji Electric Co., Ltd. All rights reserved.



JF= Fuiji Electric

Innovating Energy Technology

FA1BOON Datasheet

(2) Pin No. 2 (COMP pin)
[Function]
(i) Phase compensation for built-in ERRAMP output
(if) ON/OFF operation from external source

[Usage]
(i) Phase compensation for built-in ERRAMP output
» Connection method
Connect C and R between COMP and GND, as shown
in Figure 19.
*» Operation
If C and R are connected to the COMP pin, the
frequency ripple component two times that of the AC line
frequency shown in FB output, will not be shown.
(Reference)
Circuit example: C4 = 0.1 uF

C5=1uF

R3 =10 kQ
The values above are merely examples for reference.
Determine the actual values through careful verification
on actual hardware.

COMP ]
fz\ l:
\&/ |

R3 Erramp
C4

CS;l;;l;

OVS Det release comp
OVS Block

Vthcomp_ovs(0.75V/0.6V)

Fig. 19: COMP pin circuit

(ii) ON/OFF operation from external source

» Connection method
Connect a MOSFET or the like between COMP and
GND, as shown in Figure 20.

* Operation
The OUT output of the IC stops when the COMP pin
voltage is pulled down to Vthcomp or lower. When this
happens, the COMP pin current will be -30 uA, and the
internal circuit will not stop.

June,2020 DS-201_E Rev1.0

COMP Erramp
21
R3
o C4 PWM Comp
CSL l
Ramp

Fig. 20: ON/OFF using COMP pin

(3) Pin No. 3 (RT pin)

171728

[Function]
(i) Setting of maximum on width
(ii) Setting of maximum oscillation frequency

[Usage]

(i) Setting of maximum on width

» Connection method
Connect R5 between RT and GND, as shown in Figure
21.
Refer to "7. Characteristic curves" for the resistance
dependency of the maximum on width. The current
sourced from the RT pin changes depending on the
connected resistor. A 200 kQ resistor will result in a small
current of around 5.5 uA., so connect the resistor in
parallel with a 1000 pF to 0.022 uF capacitor to the RT
pin, as shown in the figure.

For a booster circuit, the input/output conditions and on
period Ton during each switching cycle can be logically
represented with the following equation.

_2XLyxP,

o Vac2 Xn
Input voltage (Vrms): Vac
Inductor (H): Lp

Maximum output power (W): Po
Efficiency: n

Maximum on width Tonmax must be set to at least the
on width for the minimum input voltage time Vac (min)
where the on width is at its maximum. Set the
maximum on width according to the following equation.

2% Ly X P,

T, >—
onmax Va.c(min)2 Xn

© Fuji Electric Co., Ltd. All rights reserved.
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RT
3)_ Tonmax -
Ramp OSC
R5 Cc7 Ramp = PWM Comp
DOVP S
T 2
DOVP Comp

Fig. 21: RT pin circuit

(i) Setting of maximum oscillation frequency
FA1BOON limits the rise in frequency to Fmax (kHz)
during light loads, in order to improve efficiency during
the light load. Maximum frequency Fmax is determined
by the resistor connected between the RT pin and GND.
However, the same resistor is used for setting both the
maximum oscillation frequency and the maximum on
width, so prioritize setting the maximum on width when
adjusting.

(4) Pin No. 4 (CS pin)
[Function]
(i) Detects overcurrent from the MOSFET and turns OUT
output OFF.

[Usage]

(i) Detects the current value of the MOSFET.
Threshold voltage Vthcsh of the CS pin is 0.637 V (min).
Set current detection resistor Rs so that the required
current flows with regard to Vthcsh.
If maximum output Po (W) and minimum input voltage
Vac (min) are set,
the maximum value (ILP (max)) of the peak current of the
inductor and MOSFET can be represented with the
following equation.

2xXV2xP,

I =
Lp(maz) n X Vac(min)

Therefore, the value of Rs (Q) can be determined as

follows.

Vthcsh 0.637

RS < =
I Lp(max) I Lp(max)

» Connection method
Connect current detection resistor Rs between the
MOSFET source terminal and GND. Input the MOSFET
current-voltage conversion signal generated in this
resistor.

» Operation
(i) If the CS pin voltage is larger than 0.65 V, the
comparator output signal is inverted, and OUT output
turns OFF.

June,2020 DS-201_E Rev1.0
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L1 D1
S| =1 3 C2
Rs
R4
B
Csf\
@
OCP.comp

| i EIZEHS
>R Q>
L

0.65V T 4\_3

RAMP.OSC

Fig. 22: CS pin circuit

[Supplementary note]
When the MOSFET turns on, a surge current flows into
current detection resistor Rs due to the gate drive current
of the MOSFET and the parasitic capacitance of the circuit
being discharged. If this surge current is large, the input
current waveform could be disrupted due to a malfunction.
Additionally, depending on the size and timing of the surge
current, an extremely short pulse may become mixed in
with the turn-off portion of the OUT pulse from the IC.
Therefore, this should normally be used with a CR filter
connected, as shown in Figure 22. The cutoff frequency of
this CR filter must be set sufficiently higher than the
switching frequency, to prevent normal operation from
being affected.
This cutoff frequency should be set to around 1 to 2 MHz.

1

XX C6xRa ~ \aMHz]
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(5) Pin No. 5 (ZCD pin)

[Function] L1 ° D1
(i) Detects zero current. \QQ_Q/
[Usage] J Q1
The L1 auxiliary winding voltage is input to the ZCD pin o
to detect when the MOSFET turns on. sub
The current flowing into the ZCD pin is used within the |:| R6 Rs
rating of the IC, so this is normally used with resister R6
(for limiting current) inserted between the ZCD pin and Czcd
auxiliary winding. (Fig. 23)
« Connection method ’_977
Connect R6 between the auxiliary winding and ZCD, as ZCD
shown in Figure 23. 5)
In order to ensure normal operation, the current flowing 6.6V/-1.9V

to the clamp circuit of the ZCD pin must be suppressed
to 1.5 mA or lower, as shown in the recommended
conditions. The following relational equation must
therefore be satisfied.
N 0.95V/0.65V

—-1.9 + \/E X Vac(max) X =5

N
k6> 15 x 10-3 - ZCD.comp
vxNs 66 Fig. 23: ZCD pin circuit
Ro > Mo
Z 15x 103

* Turn-on timing adjustment

The MOSFET (Q1) turns on once the current in inductor

L1 returns to zero. When this happens, Vds between the

MOSFET drain and source begins to vibrate as it Vs .
resonates with L1 and the parasitic capacitor component a
on the circuit, immediately prior to turning on. R6 and .
Czcd are adjusted so that the MOSFET turns on in the

valley portion of this resonance, as shown in Figure 24. If
R6 is several 10s of kQ and adjustment cannot be 0
performed with a resistor only, this can generally be (When the values for R6 and Czcd are
adjusted by adding Czcd (to a normal value up to around appropriate)

several 10s of pF). Doing this can minimize switching
loss following the MOSFET turning on, and can also
minimize the surge current that occurs when it is turned
on.

Time

\Vds ' Vds

Time Time

(When the values for R6 and Czcd are
not appropriate)

Fig. 24: Turn on position
adjustment

-
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(6) Pin No. 6 (GND pin)
[Function]
The standard voltage for each part of the IC

(7) Pin No. 7 (OUT pin)

June,2020 DS-201_E Rev1.0

[Function]
Drives the MOSFET.

[Usage]

» Connection method
Connect to the gate pin of the MOSFET through a
resistor. (Fig. 25)

» Operation
While the MOSFET is turned on, this switches to a high
state and a voltage roughly the same as the VCC voltage
is output.
While the MOSFET is turned off, this switches to a low
state and a voltage of around 0 V is output.

» Supplementary note
Connect a gate resistor to limit the current of the OUT
pin and prevent vibration of the gate pin voltage.
The output current rating for the IC is source 0.5 A and
sink 1 A.
The connections shown in Figure 26 and Figure 27 will
allow the gate drive current for MOSFET on and off to be
set independently.

Driver ouT

Fig. 25: OUT pin circuit (1)

VCC

®

Driver
> 7

out
®

GND

Fig. 26: OUT pin circuit (2)

f

ouT

Fig. 27: OUT pin circuit (3)
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(8) Pin No. 8 (VCC pin)

[Function]
(i) Provides IC power supply.

[Usage]

(i) Provides IC power supply.

» Connection method
Connect a starting resistor between the voltage line and
VCC pin, after rectification.
This is generally connected after rectifying/smoothing the
voltage of the auxiliary winding attached to the
transformer. (Fig. 28)
Also connect an external DC power supply. (Fig. 29)

» Operation
When VCC voltage is provided from the auxiliary winding
during startup, the current flowing from starting resistor
R7 is charged by smoothening capacitor C8, and the IC
starts once it rises to the ON threshold voltage of the
under voltage lock out (UVLO). A current of at least the
startup current of the IC (300 uA (max)) must be
provided immediately prior to startup.
During steady operation, VCC is provided from the
auxiliary winding of the inductor. As the power supply
voltage rises from zero, it begins operating at 13 V. Once
operation begins, as the power supply voltage drops, the
UVLO causes it to stop operating at 9 V, and it
discharges the COMP pin capacitor. The under voltage
lock out (UVLO) operates, and the OUT pin switches to
low and output is blocked while the IC is stopped.

L1

L]

External DC
power supply

col ics8

Fig. 28: VCC pin circuit (1) Fig. 29: VCC pin circuit (2)

[Supplementary note]
The under voltage lock out function is meant to prevent
circuit malfunction when the power supply voltage drops.
Starting resistor R7 must provide a current of at least the
startup current of the IC (300 pA) immediately prior to
startup, and the following equation must be satisfied.

\/E X Vac(min) - Von(max)
300 x 10—¢
Von (max): Under voltage protection ON threshold
voltage

This relational equation represents the minimum
condition required to start the IC. On actual hardware,
this will need to be determined after considering factors
such as the startup time required for setting.

© Fuji Electric Co., Ltd. All rights reserved.
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During steady operation, Vcc is supplied from the inductor
auxiliary winding.

Following IC startup, however, there is a slight time delay
until the auxiliary winding voltage rises sufficiently. It is
necessary to decide the capacity of capacitor C8
connected to Vcc so that Vcc does not drop to the UVLO
OFF threshold voltage during this time (Figure 30). This
time delay differs depending on the circuit, and therefore a
decision should be made by verifying at the actual device.
Furthermore, it is recommended that ceramic capacitor C9
(approx. 0.1 uF) be mounted to eliminate switching noise.

Vcc

wio . - ___
ON

UVLO F—————

OFF Should not drop to
UVLO OFF.
!
/
/ \Auxiliary winding
/ voltage
Time't

Fig. 30: VCC pin voltage at startup

« Startup time

When Vcc rises to the threshold voltage of 13 V with
current determined by starting resistance, and the IC is
activated, COMP voltage rises, and when it reaches 0.6 V,
it is output by the OUT pin, and the IC starts up.

Startup time Tstart can be calculated with the following
equation.

C8 XV,

Vac(min) X \/E —J
R7 start

Tstare =

Istart: startup current

This startup time must actually be decided by measuring it
during circuit operation.

The size of capacitor C8 connected to Vcc cannot normally
be reduced very much, and therefore startup will take time
if startup resistor R7 is large.

Startup time will be shorter if the size of startup resistor R7
is reduced, however, there will be an increase in starting
resistance loss, and resultant drop in efficiency. To shorten
startup time without the drop in efficiency, the startup
circuit may be configured as shown in Fig. 31.

Starting Circuit

=========

z S,

Fig. 31: Starting circuit

(9) pin negative voltage

21/28

The Vds voltage oscillation immediately before MOSFET
turn-on may be transferred to the OUT pin through
parasitic capacitance and so on, resulting in negative
voltage being applied to the OUT pin. If this negative
voltage is large, the parasitic element inside the IC will
conduct, resulting in possible IC malfunction.

In cases where this negative voltage exceeds -0.3 V,
connect a Schottky barrier diode between the OUT pin
and GND, as shown in Figure 32. The negative voltage
can be clamped with the Schottky barrier diode forward
voltage.

In the same way, take care to prevent negative voltage
being applied to other pins also.

OUT RS8

SBD

Fig. 32: Negative voltage prevention

(10) Inductor L1 design (auxiliary winding)
Auxiliary windings normally have two functions.
* Detecting the MOSFET ON timing at ZCD
* Supplying Vcc
It is necessary to decide the turn ratio with the main
winding to be able to satisfy both of these conditions.

The auxiliary winding voltage changes constantly with
respect to each AC input instantaneous value. This can be
seen in Fig. 33.

All conditions are obtained based on this operation.

© Fuji Electric Co., Ltd. All rights reserved.
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. - Envelope
Auxiliary winding voltage

/
/ o Ns

$(V0—\/E><VE;IC)><ﬁ
Np

— \/ExVaCx&
Np

—_— p—

AC 1/2 cycle

Fig. 33: Auxiliary winding voltage

ZCD threshold voltage
The ZCD comparator threshold voltage is 1.017 V (max.)
at startup. This threshold voltage must be exceeded
even when the auxiliary winding voltage is at its lowest,
and therefore the following conditional expression must
be satisfied.

1.017
Vo - ‘/5 X Vac(max)

Ng/Np >

Vcc supply
If Vcc is used in the 10 V to 24 V range from the

recommended conditions, the following condition must
be satisfied.
10 24

— < N;/N, < —
7 s/ Np v

It is necessary to set the auxiliary winding to a turn ratio
that is capable of satisfying both of these relational
expressions.

If the PFC boost ratio (ratio of Vac to Vo) is small, it may
not be possible to set the number of auxiliary winding turns
so that they can both be satisfied.

If this is the case, use the following method.

a. Install one auxiliary winding for ZCD and one for Vcc.
b. Set by giving priority to ZCD. With this, there is a
possibility that VVcc will exceed the recommended
conditions, and therefore an external ZD should be
used to limit the Vcc voltage. (Fig. 34)
In this case, resistor R11 is required for current limiting
between the auxiliary winding and Vcc.

Furthermore, it may not be possible to supply stable Vcc
when light loads are involved.

In such a case, improvement may be possible with a circuit
connection such as shown in Fig. 35.

The optimum value for the C8 and R10 constants will differ
depending on the circuit, and therefore the value should be
decided during actual circuit operation.

June,2020 DS-201_E Rev1.0 22128

VCC R11 D2

External sub

If using external ZD

Fig. 34: VCC circuit (1)

R7
VCC D2 C8 R10
+
sub
C5 ZD

Fig. 35: VCC circuit (2)
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11. Usage precautions

(1) Pattern design precautions

Main circuit MOSFETS, inductors, and diode switching

operations are performed with large voltage and current.

Consequently, as ICs and the signal wiring input to the

ICs are mounted near main circuit parts, they may

malfunction due to the noise produced.

Particular caution is required in cases such as the

following. (This is a bad example.)

* ICs are mounted beneath main circuit parts such as
inductors, or on the immediate reverse side of main
circuit parts on double-sided PCBs. (Fig. 36)

* ICs are mounted right next to inductors, MOSFETSs, or
diodes. (Fig. 37)

« Signal wiring is run beneath inductors, or near
MOSFETSs or diodes. (Fig. 38)

¢ |

N\
ICs are mounted beneath inductors
(incl. on reverse side of PCB).

Fig. 36: Bad arrangement example (1)

ol |[o [ X
\ ]

| ) N
ICs are mounted very near inductors
or MOSFETSs.

Fig. 37: Bad arrangement example (2)

¢ ¢

Signal wiring is run beneath inductors, or
very near MOSFETS.

Fig. 38: Bad pattern example

(Caution)

(2) IC peripheral GND wiring example

This wiring example has been prepared for the purpose of
helping users understand the thinking behind the routing of

GND wiring.

Noise and associated malfunctions will vary with individual
sets, and there is no guarantee that all sets will function
normally using this wiring example (Fig. 39).

{ +—o

[ &

o
e
o o

oo

¥

®|®

LI

> FA 1BOON

FB__COMP_RT _CS

VCC OUT GND ZCD

b

D)

VCC OUT GND ZCD

) FA 1BOON

FB___COMP__RT

CS

T

Fig. 39: Good GND wiring example

¢ 6 ¢ o
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Fig. 40: Bad GND wiring example
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12. Boost chopper PFC application circuit example
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Fig. 41: Boost type PFC application circuit example
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Caution) This application circuit example is reference material prepared for the purpose of describing a typical

usage method for this IC, and does not guarantee operation or characteristics.
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13. Usage precautions due to pin noise
The following defects will be a concern if each of the IC pins is subjected to noise. Use power supplies only after sufficiently ensuring
that there will be no instability or malfunction due to noise.

Innovating Energy Technology
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13-1. A noise input within the absolute maximum ratings

UVLO when operating

condition Pin malfunction in fear Input regulations cautions in design
switching may stop when noise is over Over
voltage protection voltage
IC may become stanbay mode when noise |input signal is only for connect capacitor
FB is under short detection level (after standby | feedback voltage of apacit
. near terminal pin
mode cancellation become restart mode) output voltage
offset occurs in output voltage and output
voltage rises or falls by a noise
on width may become not constant by load,
output may change heavily by a noise
o . confirm sufficiently
switching may become when noise is over . 4
COMP I . cancel noise phase compensation
stop switching at OUT pin threshold voltage
constant
switching may stop when noise is under stop
switching at OUT pin threshold voltage
on width may become not constant by load,
output changes heavily by a noise
- . . connect capacitor
restriction of maximum on time may not work ; .
o - near terminal pin
when voltage is higher than pin voltage (on .
RT . L cancel noise
width may change when voltage is higher
than pin voltage) care the paturn of
substrate
input noise on width and restriction may change when
(within voltage is lower than pin voltage
absolute
maximum switching may stop become when noise is .
) . . connect capacitor
ratings) CS | over Over current protection threshold cancel noise near IC
voltage
turn-on occurs unintentional timing, .
. - ] . connect capacitor
Mos/Diode heat and switching noise may cancel noise near oin
becomes bigger by a noise P
Although Inductor and
It may not turn on when the time below turn- Mos capacitance Is connect capacitor
ZCD . . resonant, input voltage :
on threshold is less than delay time near pin
more than threshold over
delay time
it may become maximum frequency mode .
. . . connect capacitor
when noise frequency is faster than cancel noise near oin
maximum frequency of setting P
GND reference voltage changes, IC may not cancel noise ground_ wiring should
behave normally be a wide wiring
the output may fall not to be able to drive
OUT | Mos normally when signals more than the cancel noise -
ability of the driver are input
VCC |IC may stop when noise under UVLO is input don't input noise under | connect capacitor

near pin

June,2020 DS-201_E Rev1.0
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condition Pin malfunction in fear Input regulations cautions in design
FB
COMP
a parasitism element works, and the
RT . -
. . malfunction such as IC stop may occur
input minus
voltage CS w ;
don't input minus voltage
(less than .
ZCD less than maximum
absolute absolute voltage
maximum OUT |IC may be destroyed -
voltage)
a parasitism element works, and the
VCC . —
malfunction such as IC stop may occur
FB
COMP
input plus
voltage RT |IC may be destroyed )
don't input plus voltage
(more than ;
CS more than maximum —
absolute
. absolute voltage
maximum ZCD
voltage)
ouT
IC may be destroyed
VCC

13-2. A noise input to GND pin
In the items mentioned above as 13-1, the GND level is assumed to be fixed OV. If a noise is inputted to
GND pin, it can be recognized as the equivalency inverted noise inputted to each pin on the basis of GND
level.

13-3. Pin conditions when the noise inputted to the pin
The characteristics in this section are those in conditions as follows unless otherwise specified.
Tj=25°C, Vcc=12V, Vfb = 2.4V, Vcomp=4.2V, Vcs=0V, Vzcd=0V, Rrt=39kQ, OUT pin open

FB COMP
Broken
Broken
5V 5V
Ton ma eratiol
Switching stopped by n max operation
X X Vclpcomp
static over voltage protection 1 over voltage protection operate
Vsovph ver votage protectl P
Limitting pulse width by dynamic over voltage protection
Vdovp(70%)
Vsovpl Normal operation
| over voltage protection release
Change of on pulse width
Normal operation
Vfb_comp
pull comp pull up opreate
Vthfb Vthcomp
Switching stopped by static FB short protection
Switching stop under input threshold voltage
\ Pulse \ Pulse

ov 7 Width ov 7/ Width

-0.3v -0.3v
Malfunction by parasitic element or broken Malfunction by parasitic element or broken

-
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RT
Broken
5V
On pulse width become longer than setting
Wt
On pulse width become shorter than setting
 Pulse
ov /7 Width
-0.3v
Malfunction by parasitic element or broken
ZCD
/
Broken
w
Vih Clamp voltage
Switching stop
1 Zero current detect cancellation
Vthzedh
Vthzed|
| Zero current detect Switching
Pulse
ov > Width
Clamp voltage
vil ML
-3.5V
Malfunction by parasitic element or broken
VCC
/]
Broken
33V
X Switching stop
Vecovph 1 VCC over voltage protection
Vecovpl
1 VCC over voltage protection release
Normal operation
1 Under voltage lockout release
Von
Voff
1 Under voltage lockout
Switching stop by under voltage lockout
) Pulse
ov / Width
-0.3v

Malfunction by parasitic element or broken

Innovating Energy Technology

CsS
N
Broken
5V
Over current cut off
Vthesh T
|
/| Normal operation
! N
ov 100ns 7
-0.3v
Malfunction by parasitic element or broken
ouT
N
IC broken
Vce+0.3V
Normal operation
. The noise over the driving ability of :
: the output driver of IC may fall the :
output voltage, not driving the
power—-MOS normally.
ov >
-0.3v

Malfunction by parasitic element or broken

Pulse
Width

These figures explain the behavior of IC when the single-pulse noise is inputted to the terminal of IC, and no one to
guarantee normal operation and the characteristic according to the value of the description. The tolerance to noise and
behavior of IC when the noise is inputted to the terminal are different according to unevenness of IC, terminal
conditions, other terminal conditions, ambient conditions, mounted conditions and so on. Moreover, the tolerance to
continuous inputted noise is lower than the tolerance to single-pulse inputted noise. Please confirm neither the unusual
operation nor the malfunction occurs by the noise in the use of this IC.
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Caution
4 )

The content (product specifications, characteristics, data, materials, construction, etc.) of this document is
current as of June 2020.
The content may be subject to change without prior notice due to changes in product specifications or other
reasons. If using the products indicated in this manual, obtain the most recent copy of the product
specifications, and check the data.

=

2. The application examples described in this document are typical application examples using Fuji Electric
products, and offer no guarantee of the enforcement of industrial property rights or other rights, or consent to
licensing rights with this document.

3. Fuji Electric Co., Ltd. is constantly striving to improve product quality and reliability. However, faults may occur
in a certain percentage of semiconductor products.
Please take measures to ensure safety such as employing redundant designs, fire spread prevention designs,
or malfunction prevention designs in order to prevent accidents resulting in injury or death, property damage
due to fire, or social damage as a result of Fuji Electric semiconductor product faults.

4. The products described in this document have been manufactured under the assumption that they are to be
used in electronic equipment or electrical equipment such as the following which requires standard levels of
reliability.

» Computers * OA equipment « Communication equipment (pins) ¢ Measuring instruments  Machine tools

« Audio visual equipment * Household appliances + Personal devices - Industrial robots, etc.

5. Customers who intend to use the products described in this document in equipment such as the following
which requires particularly high levels of reliability must notify Fuji Electric Co., Ltd. and obtain consent
beforehand. To use the products described in this document in these devices, it is necessary to take
appropriate measures to ensure safety such as backup systems to ensure that equipment does not
malfunction even in the event of a Fuji Electric semiconductor product fault.

» Transportation equipment (for vehicle, railway, shipping vessel transport), * Trunk line communication equipment « Traffic
signal equipment

» Gas leak detectors and railway crossing gates « Disaster/crime prevention equipment « All kinds of equipment for ensuring
safety

6. Do not use the products described in this document in equipment such as the following which requires
extremely high levels of reliability.

» Space equipment -« Aircraft-mounted equipment < Nuclear power control equipment < Submarine repeaters -«
Medical equipment

7. The written consent of Fuji Electric is required for the reproduction or reprinting of this document in part, or in
whole.

8. If there is anything in this document which is unclear, please content either Fuji Electric Co., Ltd. or your dealer
before using the product. Neither Fuji Electric Co., Ltd. nor your dealer shall accept any responsibility for
damage arising as a result of failure to following the instructions in this cautionary statement.

- J

° Please note that the content of this document may be subject to change without prior notice for the purpose
of product improvement and so on.
° The application examples and part constants given in this document are intended to assist in the design

process, and sufficient consideration has not been given to part variations or usage conditions.
When using this document, please take these part variations and usage conditions into consideration
when drafting designs.

-
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