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Offline Quasi-Resonant PWM Controller

Features

®  High Efficiency Across Wide Input and Output
Conditions in a Small Form Factor

®  Quasi-Resonant Switching Operation with
Programmable Maximum Blanking Frequency
Range (60 kHz~ 140 kHz)

®  User Configurable Burst Mode Entry and Exit to
Maximize Light Load Efficiency and Minimize
Audible Noise

" Adaptive Burst Mode Entry Level for Adaptive
Charger Application

"  mWSaver® Technology for Ultra Low Standby
Power Consumption (<20 mWw)

"  Forced and Inherent Frequency Modulation of
Valley Switching for Low EMI Emissions and
Common Mode Noise

®  Built-In and User Configurable Over-Voltage
Protection (OVP), Under-Voltage Protection (UVP)
and Over-Temperature Protection (OTP)

"  Fully Programmable Brown-In and Brownout
Protection

®  Precise Constant Output Current Regulation with
Programmable Line Compensation

®  Built-In High-Voltage Startup to Reduce External
Components

" 10 Lead SOIC JEDEC

Applications

" Battery Charges for Smart Phones, Feature
Phones, and Tablet PCs

®  AC-DC Adapters for Portable Devices or Battery
Chargers that Require CV/CC Control

Description

The FAN6O2L is an advanced PWM controller aimed at
achieving power density of 210W/in® in universal input
range AC/DC flyback isolated power supplies. It
incorporates  Quasi-Resonant (QR) control  with
proprietary Valley Switching with a limited frequency
variation. QR switching provides high efficiency by
reducing switching losses while Valley Switching with a
limited frequency variation bounds the frequency band
to overcome the inherent limitation of QR switching.

FAN602L features mWSaver® burst mode operation
with extremely low operating current (300 pA) and
significantly reduces standby power consumption to
meet the most stringent efficiency regulations such as
Energy Star's 5-Star Level and CoC Tier |l
specifications.

FAN602L includes several user configurable features
aimed at optimizing efficiency, EMI and protections.
FAN602L has a programmable blanking frequency
range that provides flexibility in choosing noise rejection
in targeted frequency zones. It incorporates user-
configurable minimum peak current, which allows
controlling the burst mode entry/exit power level,
thereby enhancing light load efficiency and eliminating
audible noise. It also includes several rich
programmable protection features such as over-voltage
protection (OVP), precise constant output current
regulation (CC).

Ordering Information

Operating Packing
Part Number Temperature Range Package Method

o o 10-Lead, Small Outline Package (SOIC), JEDEC
FANGOZLMX ~40°C 10 +125°C MS-012, .150-Inch Narrow Body Tape & Reel

© 2016 Fairchild Semiconductor Corporation
FAN602L + Rev. 1.0
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Typical Application

Rsns  Csne
Le X
000 am O
N Dr +
Csnp Rsne Np N Cozzz Vo
.
Choke N . -
97 Ceks ZZ=  Caike &7 §RH\/1 o
Dsne
§ Ruva Rgias1 Reias2
v v v Photo c
coupleré Comp2 § Re1
Rer
Shunt Rcomp cCompl
Regulator
o =
Re2
Res_cowp Na T
+ R,
Photo §K> Cra= = Cesr cs
coupler =y ‘ =
Rimin Crumax Y

Figure 2.

FAN602L Block Diagram

Figure 1. FANG602L Typical Application Circuit
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Marking Information

A r F- Fairchild Logo
Z: Assembly Plant Code
X: Year Code
f%)é;l'_l"l' Y: Week Code
™ TT: Die Run Code
O P: T: Package Type (M=SOIC)
I . M: Manufacture Flow Code

Figure 3. Top Mark

Pin Configuration

v [1] O 10 GND

NC [2] 9] FB

cs [3]| FANSO2LMX [B] iMIN
GATE [4] 7] FMAX
VDD [5] 6] vs

Figure 4. Pin Assignment

Pin Definitions

Pin # | Name Description
1 HV High Voltage. This pin connects to DC bus for high-voltage startup.
2 NC No Connect.
Current Sense. This pin connects to a current-sense resistor to sense the MOSFET current for
3 CS Peak-Current-Mode control for output regulation. The current sense information is also used to

estimate the output current for CC regulation.

PWM Signal Output. This pin has an internal totem-pole output driver to drive the power

4 Sl MOSFET. The gate driving voltage is internally clamped at 7.5 V.

Power Supply. IC operating current and MOSFET driving current are supplied through this pin.

5 Ve This pin is typically connected to an external Vpp capacitor.

Voltage Sense. The VS voltage is used to detect resonant valleys for quasi-resonant switching.
6 VS This pin detects the output voltage information and diode current discharge time based on the
auxiliary winding voltage. It also senses input voltage for Brownout protection.

Maximum Blanking Frequency. This pin connects to external resistor to program maximum

19]|0J3U0D INMd IueUOSaY-ISeNO 3UlIHO — 209NV

! FMAX blanking frequency.
8 IMIN Minimum V_.This pin connects to external resistor to program minimum VCS Threshold level
for burst mode operating optimization.
9 FB Fee_dback. Typically Opto-CoupIgr is connec_ted to this pin to provide feedb_ack informatipn to
the internal PWM comparator. This feedback is used to control the duty cycle in CV regulation.
10 GND Ground.
© 2016 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended.
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Symbol Parameter Min. | Max. | Unit
Vhv HV Pin Input Voltage 500 \
Vvoo | DC Supply Voltage 30 \
Vvs VS Pin Input Voltage -0.3 6.0 \%
Vcs CS Pin Input Voltage -0.3 6.0 \%
Ves FB Pin Input Voltage -0.3 6.0 \%

Vemax | FMAX Pin Input Voltage -0.3 6.0 \%
Viwn | IMIN Pin Input Voltage -0.3 6.0 \
Ppb Power Dissipation (Ta=25°C) 850 mw
0:a Thermal Resistance (Junction-to-Ambient) 140 °C/W
Yir Thermal Resistance (Junction-to-Top) 13 °C/W
T, Operating Junction Temperature -40 +150 °C
Tste | Storage Temperature Range -40 +150 °C
TL Lead Temperature, (Wave soldering or IR, 10 Seconds) +260 °C
Electrostatic | iuman Body Model, JEDEC:JESD22_A114 (Except HV Pin) 3.0
ESD® | Discharge kv
Capability | charged Device Model, JEDEC:JESD22_C101 (Except HV Pin) 2.0

Notes:

1. Allvoltage values, except differential voltages, are given with respect to GND pin.

2. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
3. ESD ratings including HV pin: HBM=2.0 kV, CDM=2.0 kV.

Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended
operating conditions are specified to ensure optimal performance. Fairchild does not recommend exceeding them or
designing to Absolute Maximum Ratings.
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Symbol Parameter Min. Typ. | Max. | Unit
Vhv HV Pin Supply Voltage 50 400 \%
Vyvop | VDD Pin Supply Voltage 6 15 25 \%
Vvs VS Pin Supply Voltage 0.65 2.90 \%
Vcs CS Pin Supply Voltage 0 0.9 \%
Ves FB Pin Supply Voltage 0 5.25 \%
Vemax | FMAX Pin Supply Voltage 0 1 \%
Vimin | IMIN Pin Supply Voltage 0 25 \%
Ta Operating Temperature -40 +85 °C
© 2016 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Electrical Characteristics

Vpp=15 V and T;=-40~125 °C unless noted.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
HV Section
Y Supply Current Drawn from HV Pin Vuv=120 V, Vpp=0 V 1.2 2.0 10 mA
Ihv-Lc Leakage Current Drawn from HV Pin Vuv=500 V, Vpop=Vpp-orrt+1 V 0 0.8 10 MA
VBrown-IN Brown-In Threshold Voltage. Ruv=150 kQ, ViNn=80 Vims 100 | 110 | 120 \%
Vpbp Section
Vpp-oN Turn-On Threshold Voltage Vpp Rising 153 | 17.2 | 18.7 \%
Vpp-oFe Turn-Off Threshold Voltage Vpp Falling 50 | 55 5.7 \%
VDD-HV-ON Threshold Voltage for HV Startup T,=25°C 41 | 4.7 5.4 \%
VpD-DLH Threshold Voltage for Latch Release 2 25 3 \Y
Ibp-sT Startup Current Vop=Vbp-on-0.16 V, T;=25°C 300 | 400 MA
Iop-op Operating Supply Current ng;iso\\// g Gs;izvl XEB::B Vi 2 3 | mA
Vcs=0.3V, Vs=0V, V=0 V;
Ipp-Burst Burst-Mode Operating Supply Current | Vpp=Vpp-on=>Vbp-ovp>10 V, 300 | 600 | pA
Coate=1 nF
Vvbp-ovp Vpp Over-Voltage-Protection Level T,=25°C 275 (129.0 | 295 | V
tovDDOVP \élszOl(J)r\]/gar-\T/icrnrl]t:ge-Protectlon 70 105 us
Oscillator Section
[SVINY FMAX Pin Current 18 20 22 MA
fnk-MaX Maximum Blanking Frequency Rrmax= 0 130 | 140 | 150 | kHz
fank-MIN Minimum Blanking Frequency Remax= 48.3 kQ 50 60 65 | kHz
fosc-min-oem | Minimum Frequency for DCM Vyvs=0 V 40 50 60 | kHz
fosc-Min-crv Minimum Frequency for CrM Vvs=1V, T;=25°C 11 20 29 kHz
Atrm-range Forced Frequency Modulation Range® 225 | 265 | 305 | ns
Atempeios | Forced Frequency Modulation Period® Vre > Vre gusi 21 | 25 | 29 | ms

Feedback Input Section

Zes FB Pin Input Impedance 39 42 45 kQ

Av Internal Voltage Attenuator of FB Pin® | V= 120 Vo, Vop=0 V 1/3 | 1/35| 14 | VIV
VEB-Open FB Pin Pull-Up Voltage FB Pin Open 4.75 | 5.25 | 5.90 \%
Vre-ustH | FB Threshold to Enable/Disable Gate | Vrs Rising 1151125135 | V
VEB-Burst-L Drive in Burst Mode Ve Falling 1.1 1.2 1.3 Vv
Vrsenk-H | Frequency Fold-back Starting/Stopping 175120523 | V
VEB-BNK-L Vre 12 | 15 | 1.8 Vv

Continued on the following page...
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Electrical Characteristics
Vpp=15 V and T;=-40~125 °C unless noted.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Voltage-Sense Section
lvs-max Maximum Vs Source Current Capability 3 mA
Vs Sampling Blanking Time 1 after GATE
tvs-BNK1L Pin Pull-Low Ves <2.0V 0.90 | 1.10 | 1.37 us
Vs Sampling Blanking Time 2 after GATE oo
tvs-BnK2 Pin Pull-Low Veg > 2.2V, T;=25°C 1.6 1.8 2.1 us

Delay from VS Voltage Zero Crossing to
tzco-to PWM PWM ON®

Vs Source Current Threshold to Enable Set lys=2.4 mA at 264 Vims,
Brownout Brownout =55 Vims

Vvs=0 V, Coate=1 nF 175 ns

|VS»Brown0ut

370 | 450 | 520 | pA

tD-Brownout Brownout Debounce Time 125|165 | 21.0 | ms

Output Over-Voltage-Protection with Vs

Vwsove | sampling Voltage 2l | 28 e
Nys.ovp gyépl);tc OO\J?IE-SVoItage-Protection Debounce 5 Cycle
e g;:ﬁ;ﬁn%”\‘ig[{%ﬂtage'PrOteCtiO“ S 076 | 0.80 | 0.84 | V
Vus.uvpL g;:ﬁ;,tin%”sg[t’%c’;tage'PrOteCtiO“ WIth VS 1 1 —o5ec 0.6250.650|0.675| V
Nys.uvp Output Over-Voltage-Protection Debounce 5 Cycle

Cycle Counts

Output Under-Voltage Protection Blanking

Time at startup 25 | 40 55 | ms

tvs-uvpP-BLANK

Over-Temperature Protection Section

Totp Threshold Temperature for Over-Temperature-Protection(") ‘ ‘ 140 | | °C

Current-Sense Section

Ves-Lm Current Limit Threshold Voltage FB Pin Open 0.85 | 0.90 | 0.95 \%
limin IMIN Pin Current 9 10 11 WA
Vesamin-min | Minimum Current Sense Voltage Vs_su=2.5 V,Rimin=250 kQ 0.14 | 018|023 | V
Vesamin-max | Maximum Current Sense Voltage Vs sh=2.5 V,Rmin=0 Q 0.40 | 0.44 | 0.50 \%
trp GATE Output Turn-Off Delay 100 | 200 ns
tLes Leading-Edge Blanking Time 150 | 200 ns

Continued on the following page...
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Electrical Characteristics
Vpp=15 V and T;=-40~125 °C unless noted.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Constant Current Correction Section
lcomp-H High Line Compensation Current ViN=264 Vims 920 100 | 110 MA
lcomp-L Low Line Compensation Current Vin=90 Vims 32 36 40 MA
Constant Current Estimator
Vier cc Sgﬁzgzr(\})Current Control Reference 12 Vv
Apk Peak Value Amplifying Gain” 3.6 VIV
Vesccopen | FB CC Pull-Up Voltage®™ 4.0 v
Av.ce Internal Voltage Attenuator of FB cC® 0.444 VIV
GATE Section
VGaTEL Gate Output Voltage Low 0 15 Y,
Vpp-pmos-on | Internal Gate PMOS Driver ON 7.0 7.5 8.0 \%
Vpp-pmos-ore | Internal Gate PMOS Driver OFF 9.0 9.5 | 10.0 \%
ty Rising Time Vcs=0V, Vs=0V, Ceate=1nF | 100 | 135 | 180 ns
t Falling Time Vcs=0V, Vs=0V, Cgate=1 nF 30 50 70 ns
Veate-ciamp | Gate Output Clamping Voltage Vpp=25V 6.8 | 75 | 8.2 \%
ton-MAX Maximum On Time Vee=3V, Vcs=0.3 V 18 20 23 V&
Note:

4. Guarantee

d by design.

© 2016 Fairchild Semiconductor Corporation
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Typical Performance Characteristics
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Typical Performance Characteristics (Continued)
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vs. Temperature
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Typical Performance Characteristics (Continued)
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Functional Description

FANG60O2L is an offine PWM controller which operates in
a quasi-resonant (QR) mode and significantly enhances
system efficiency and power density. Its control method
is based on the load condition (valley switching with
fixed blanking time at heavy load and valley switching
with variable blanking time at medium load) to maximize
the efficiency. FMAX pin allows programming the
maximum blanking frequency. It offers constant output
voltage (CV) regulation through opto-coupler feedback
circuitry.

Line voltage compensation gain can be programmed by
using an external resistor to minimize the effect of line
voltage variation on output current regulation due to
turn-off delay of the gate drive circuit. FAN602L
incorporates HV startup and accurate brown-In through
HV pin. The brown-in voltage is programmed by using
an external HV pin resistor. The minimum peak current
(Vesamin), which controls the burst mode entry/exit and
improves light load efficiency, is programmable via an
external resistor connected to the IMIN pin.

Basic Operation Principle

Quasi-resonant switching is a method to reduce primary
MOSFET switching losses especially in high line. In
order to perform QR turn-on of the primary MOSFET,
the valley of the resonance occurring between
transformer magnetizing inductance (Lm) and MOSFET
effective output capacitance (Coss-eff) must be detected.

COSS—eff = Coss-mosrer + Ctrans + Cparasitic 1)

tresonance = 2T |Loy - COSS—eff (2)

For heavy load condition (50%~100% of full load), the
blanking time for the valley detection is fixed such that
the switching time is between tgnk and tenkttresonance-
The upper Ilimit of the blanking frequency is
programmed by FMAX pin. For the medium load
condition (25%-~50% of full load), the blanking time is
modulated as a function of load current such that the
upper limit of the blanking frequency varies from fgnk-max
as load decreases where the blanking frequency
reduction stop point is fank-min-

A I Y

o tan tow to [ text

VDS

Fixed Blanking Time

Figure 23.

Modulated Blanking Time

Frequency Fold-back Function

The Maximum Blanking Frequency Selection

The FAN602L allows adjusting the maximum blanking
frequency (fank-max) Of operation through an external
resistor on the FMAX pin. As shown in Figure 24, an
internal current source of 20 YA creates a voltage Vemax
across the resistance, Rrmax. This voltage sets the
oscillator reference voltage which determines tenk-min
(time period for fenk-max). The relationship between fgnk-
vwax and Remax is shown in Figure 25.

VCC

Irmax = 20UA

Crvax:1nF ~4.7nF

CFMAX%V: Remax

Figure 24.

Oscillator tBNK—MIN
P

FMAX

VEmax Generator

FMAX Function Circuit

fank-max VS Remax

fankmax (KHZ)

0 5 10 15 20 25 30 35 40 45 50
Renax (kQ)

Figure 25. fBNK-MAX VS. RFMAX

Valley Detection

There will be a logic propagation delay from VS Zero-
Crossing Detection (Vszcp) to IC GATE turn on and a
MOSFET gate drives propagation delay from GATE pin
to MOSFET turn on. We can assume the sum of these
propagation delays to be tzcp-w-pwm, as shown in Figure
27. However, if 1/2 tr is larger than tzcp-o-pwm, the
switching occurs away from the valley causing higher
losses. The time period of resonant ringing is dependent
on L, and Coss-efr. Typically, the time period of resonance
ringing is around 1~1.5 ps depending on the system
parameters. Hence, the switching may occur at a point
different from the valley depending on the system.
When PCB layout is poor, it may cause noise on the VS
pin. The VS pin needs to be in parallel with the capacitor
(Cvs) less than 10 pF to filter the noise.

VAUX

Zero-Crossing
Detection

—» VD

Cvs < 10pF

Figure 26. The Valley Detection Circuit
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Figure 27. Valley Detection Behavior

Inherent and Forced Frequency Modulation

Typically, the bulk capacitor of flyback converter has a
longer charging time in low line than in high line. Thus,
the voltage ripple (A Vpc) in low line is higher as shown
in Figure 28. This large ripple results in 4~6% variation
of the switching frequency in low line for a valley
switched converter. Hence, the EMI performance in low
line is satisfied. However, in high line, the ripple is very
small and consequent. The EMI performance for high
line may suffer. In order to maintain good EMI
performance for high line, forced frequency modulation
is provided. FAN602L varies the valley switching point
from O to Atrm-range (265 nS) in every Atrm-period (2.5 MS)
as shown in Figure 29. Since the drain voltage at which
the switching occurs does not change much with this
variation, there is minimum impact on the efficiency.

. /' N

e Diode
» @1m Cae = : 4
ACIN I I go

Figure 29. Forced Frequency Modulation

Output Voltage Detection

Figure 30 shows the VS voltage is sampled (Vs.sy) after
tvs-enk Of GATE turn-off so that the ringing does not
introduce any error in the sampling. FANG602L
dynamically varies tvs.enk With load. At heavy load, tys.
enk=tvs-ank1 (1.8 ps) when Veg > 2.2 V. At light load, tys.
enk=tvs-enkz (1.1 us) when Veg < 2 V. This dynamic
variation ensures that VS sampling occurs after ringing
due to leakage inductance has stopped and before
secondary current goes to zero.

Vs = Vo .x_;l. (Rvsf:'sievsz) @)
GATE
e Vs.sH
Vs
Figure 30. Output Voltage Detection

Burst Mode Operation

FAN602L features burst mode operation with a
programmable burst mode entry load condition by using
minimum peak current (Vcsamin) control which enables
light-load efficiency to be optimized for a given
application. The IMIN pin can be programmed with
external resistor Rmin to select the minimum Vcs
threshold level for burst mode entry. Figure 31 shows
the implementation of IMIN in FAN602L.

Figure 32 shows when Vg drops below Veg.gurstL, the
PWM output shuts off and the output voltage drops at a
rate which is depended on the load current level. This
causes the feedback voltage to rise. Once Vgg exceeds
Veg-urst-H, FANG02L resumes switching. As shown in
Figure 33, when the FB voltage drops below the
corresponding Vcs.min, the peak currents in switching
cycles are fixed to Vcsimin regardless of FB voltage.
Thus, more power is delivered to the load than required
and once FB voltage is pulled low below Veggurst-L,
switching stops again. In this manner, the burst mode
operation alternately enables and disables switching of
the MOSFET to reduce the switching losses.

For adaptive output application, the minimum peak
current is modulated in accordance with the Vs.sy such
that the minimum peak current is proportional to the
square root of output voltage. For easy circuit
implementation, curve fitting is used as shown in Figure
34.

Vs—su — Imin X Rinin)

10 4

+0.2

Ves—imin =
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vee Line Voltage Detection
oo = 104 The FAN60O2L indirectly senses the line voltage through
osc Ho of—> Pwm the VS pin while the MOSFET is turned on, as illustrated
" Vo oK in Figure 35 and Figure 36. During MOSFET turn-on
R . period, the auxiliary winding voltage, Vaux, IS
proportional to the input bulk capacitor voltage, Veik,
N due to the transformer coupling between the primary
cs Ves and auxiliary windings. During the MOSFET conduction
. Vesg | time, the line voltage detector clamps the VS pin voltage
— to Vs.clamp (0 V), and then the current lys flowing out of
VS pin is expressed as:
V N,
Figure 31. IMIN Function Circuit Iys = BLE A (5)
RVSI NS
/vo//_\ The lys current, reflecting the line voltage information, is
— used for brownout protection and CC control correction
Iwin Pin determines the Welghtlng
minimum peak current .
‘ -~ Ve Pri.
-t > 5V
Vrsa Np
Vesimn /4/—77\7 °
Veg-gurst-+
Vesauat e A A A e e
) [ AT . i I

Figure 32. Burst-Mode Operation with IMIN ,
Line signal Line Voltage Va
Detector
Output Current
Ivs E>
[vs}
35% Loading L] Vs offset
t e
Vrg-a
.
Veonn W T Figure 35. Line Voltage Detection Circuit
Ves LT [ ves
VEg-gurst-L GATE
t
Figure 33. System enter Burst-mode Behavior
Adapitve Vg Curve
0.55
0.5
0.45 Vaux

0.4 Vs

_.035

2’ 0.3
E ov

=
$0.25
>
0.2
0.15
N

A
0.1 -~ Vo
0.05 s

0.0 05 1.0 15 20 25 3.0
t 1, t
VS'SH(V) oY > QR

RIMIN = 0Q RIMIN = 75kQ Figure 36. Waveforms for Line Voltage
Detection

Figure 34. Vcsamin as a Function of Rvin with
Variation of Vs.sy

Deep Burst Mode

FANG602L enters deep burst mode if FB voltage stays
lower than Veg.gurst.L for more than tpeep-surst-Entry (640 US).
Once FAN602L enters deep burst mode, the operating
current is reduced to lpp-gurst (300 pA) to minimize power
consumption. Once feedback voltage is more than Ves.
Burst-H, power-on-reset occurs within a time period of
tpeep-BurstExit (25 ps) and IC resumes switching with
normal operating current, Ipp-op.
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CV /CC PWM Operation Principle

Figure 37 shows a simplified CV / CC PWM control
circuit of the FAN602L. The Constant Voltage (CV)
regulation is implemented in the same manner as the
conventional isolated power supply, where the output
voltage is sensed using a voltage divider and compared
with the internal reference of the shunt regulator to
generate a compensation signal. The compensation
signal is transferred to the primary side through an opto-
coupler and scaled down by attenuator Ay to generate a
COMV signal. This COMV signal is applied to the PWM
comparator to determine the duty cycle.

The Constant Current (CC) regulation is implemented
internally with primary-side control. The output current
estimator calculates the output current using the
transformer primary-side current and diode current
discharge time. By comparing the estimated output
current with internal reference signal, a COMI signal is
generated to determine the duty cycle.

These two control signals, COMV and COMI, are
compared with an internal saw-tooth waveform (Vsaw)
by two PWM comparators to determine the duty cycle.
Figure 38 illustrates the outputs of two comparators,
combined with an OR gate, to determine the MOSFET
turn-off instant. Either of COMV or COMI, the lower
signal determines the duty cycle. As shown in Figure 38,
during CV regulation, COMV determines the duty cycle
while COMI is saturated to HIGH level. During CC
regulation, COMI determines the duty cycle while
COMV is saturated to HIGH level.

Veik ©

GATE

ol <to

ONTRIG [0
PWM Control

Logic Block

OFF TRIG

[

lo
Estimator

Zero Current
Detector

Simplified PWM Control Circuit

Figure 37.

—
cv cC

v

cowml

comv

Vsaw

GATE |

B L

Figure 38. PWM Operation for CV/CC
Regulation

Primary-Side Constant Current Operation

Figure 39 shows the key waveforms of a flyback
converter operating in DCM. The output current is
estimated by calculating the average of output diode
current in the one switching cycle:

_ 11 Ves—pg "TaisNp 1 1 Vggp cc Np

I, == -
0T 2Re;s Ts  Ns' 2Res Apx Ns

(6)
When the diode current reaches zero, the transformer
winding voltage begins to drop sharply and VS pin
voltage drops as well. When VS pin voltage drops below
the Vs.su by more than 500 mV, Zero Current Detection
(ZCD) of diode current is obtained.

The output current can be programmed by setting the
current sensing resistor as:

Res =

Where Vger cc is the internal voltage for CC control and
Apk is the IC design parameter, 3.6 for FAN602L.

Ts
Tais Tor Ton
Gate
Ves.pk
Idlude
18 500mV
o 3
o
VS Ve Zero %
o Current
Detect
ApkVespk
!
O_ESTM VREF,cc
Figure 39. Waveforms for Estimate Output

Current

Line Voltage Compensation

The output current estimation is also affected by the
turn-off delay of the MOSFET as illustrated in Figure 40.
The actual MOSFET’s turn-off time is delayed due to the
MOSFET gate charge and gate driver's capability,
resulting in peak current detection error as:

v
AlPK = f“‘
m

“torr.pLY 8)
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Where Ln is the transformer’s primary side magnetizing
inductance. Since the output current error is proportional
to the line voltage, the FANG602L incorporates line
voltage compensation to improve output current
estimation accuracy. Line information is obtained
through the line voltage detector as shown in Figure 35.
Icomp is an internal current source, which is proportional
to line voltage. The Iline compensation gain is
programmed by using CS pin series resistor, Rcs cowp,
depending on the MOSFET turn-off delay, torr.oLy. lcomp
creates a voltage drop, Vorrser, across Rcs comp. This
line compensation offset is proportional to the DC link
capacitor voltage, Ve, and turn-off delay, torrpLy-
Figure 41 demonstrates the effect of the line
compensation. When PCB layout is poor, it may cause
noise on the CS pin. The CS pin needs to be in parallel
with the capacitor (Ccsg) less than 20 pF to filter the
noise.

torroLY

lool ¥
NipsRes
1
IpsRcs
Ios™ R
lossuRes | o5 0
Actual diode current
......... Estimated diode current
Ios Np/Ng
Ips-sHNp/Ns
t
GATE o -
Ves L
Figure 40. Effect of MOSFET Turn-off Delay
| H
l COMP VGSJ e I
cs + VorrseT - bs
&
-
Res_comp
Ves Cesr - IosRes Res
I Ccsk < 20pF
IosRcs IosRes
torroLy torroLy [ >
Ves Ves
Vores Vorrsers
| I
*
/ Ves Ves .
Low Line High Line
Figure 41. Line Voltage Compensation

CCM Prevention

When input or output voltage drops, the secondary side
current does not reduce to zero within tosc-min-pcm (time

period for fosc-min-ocm). FANG0O2L does not initiate turn-
on. FAN602L turns on the primary MOSFET after VS-
ZCD and ensures boundary conduction mode switching.
Thus FANG602L does not allow the converter to enter
CCM. During CCM prevention, FAN602L can reduce the
frequency down to foscmin-em (20 kHz).  This
phenomenon is explained in Figure 42.

Normal Operation Normal Operation

Ids Ids

Vaux
~

1N A i WA
WARY

Vaux
~

ton o Tor ton [ tor
fosc-min-oom fosc-min-oem
Input voltage drops Output voltage drops
las lgs
V,
\/ZX\ i Vaux
~ Ve
[O% } oV r
toy o ton tp
fosc-min-crm fosc-min-crm
Figure 42. CCM Prevention Behavior

HV Startup and Brown-In

Figure 43 shows the high-voltage (HV) startup circuit.
An Internal JFET provides a high voltage current
source, whose characteristics are shown in Figure 44.
To improve reliability and surge immunity, it is typical to
use a Ruy resistor between the HV pin and the bulk
capacitor voltage. The actual current flowing into the HV
pin at a given bulk capacitor voltage and startup resistor
value is determined by the intersection point of
characteristics I-V line and the load line as shown in
Figure 44.

During startup, the internal startup circuit is enabled and
the bulk capacitor voltage supplies the current, Iy, to
charge the hold-up capacitor, Cypp, through Ruyv. When
the Vpp voltage reaches Vpp.on, the sampling circuit
shown in Figure 43 is turned on for tyv-get (100 ps) to
sample the bulk capacitor voltage. Voltage across Ris is
compared with reference which generates a signal to
start switching. If brown-in condition is not detected
within this time, switching does not start. Equation (9)
can be used to program the brown-In of the system. If
line voltage is lower than the programmed brown-In
voltage, FAN602L goes in auto-restart mode.

Ris+R +R
LS ;\)EFT HV x VREF (9)
LS

Once switching starts, the internal HV startup circuit is
disabled. During normal switching, the line voltage
information is obtained from the IVS signal. Once the
HV startup circuit is disabled, the energy stored in
CVDD supplies the IC operating current until the
transformer auxiliary winding voltage reaches the
nominal value. Therefore, CVDD should be properly
designed to prevent VDD from dropping below VDD-

Vin =

© 2016 Fairchild Semiconductor Corporation
FANG0O2L « Rev. 1.0

15

www.fairchildsemi.com

19]|0J3U0D INMd IueUOSaY-ISeNO 3UlIHO — 209NV



OFF threshold (typically 5.5V) before the auxiliary
winding builds up enough voltage to supply VDD. During

startup, the IC current is limited to IDD-ST (300 pA).

S1
—1s]

VDD

' 1

Voo.on/ Vob.ore

Vop=Vop.on(17.2V)

Ris=1.2kQ

Brown IN

Vyer = 0.845V

Figure 43. HV Startup Circuit

[y
A

b
1.2mA o
y
[y
[y
[y
.
.
Y

\

100V ) 200V 300V 400V 500V
VBLK Vv
Figure 44. Characteristics of HV pin

Protections

The FAN602L protection functions include VDD Over-
Voltage Protection (VDD-OVP), brownout protection, VS
Over-Voltage Protection (VS-OVP), VS Under-Voltage
Protection (VS-UVP), and IC internal Over-Temperature
Protection (OTP). The VDD-OVP, brownout protection
are implemented with Auto-Restart mode. The VS-UVP,
VS-OVP and OTP are implemented with Latch-Off
mode.

When the Auto-Restart Mode protection is triggered,
switching is terminated and the MOSFET remains off,
causing VDD to drop because of IC operating current
Iop-op (2 MA). When VDD drops to the VDD turn-off
voltage of Vpp.orr (5.5 V), operation current reduces to
Iop-Deep-Burst (300 HA). When the VDD voltage drops
further to Vpp.nv-on, the protection is reset and the
supply current drawn from HV pin begins to charge the
VDD hold-up capacitor. When VDD reaches the turn-on
voltage of Vpp.on (17.2 V), FAN602L resumes normal
operation. In this manner, the Auto-Restart mode
alternately enables and disables the switching of the
MOSFET until the abnormal condition is eliminated as
shown in Figure 45.

When the Latch-Off mode protection is triggered, PWM
switching is terminated and the MOSFET remains off,
causing VDD to drop. When VDD voltage drops to VDD

turn-off voltage (Vop-orr), the IC supply current drops to
Ibp-surst.: Then, when VDD drops to Vpp-wv-on, internal
startup circuit is enabled without resetting the protection,
and the supply current drawn from HV pin charges the
hold-up capacitor. Since the protection is not reset, the
IC does not resume PWM switching even when VDD
reaches the turn-on voltage of 17.2 V. Then, VDD drops
again down to Vpp.orr. In this manner, the Latch-Off
mode protection alternately charges and discharges
VDD until there is no more energy in DC link capacitor.
The protection is reset when VDD drops to Vpp.oi
(2.5 V), which can only happen after the power supply is
unplugged from the AC line as shown in Figure 46.

A Power On
Vbs

Fault

f\OCCurs

Vob

A
VDDVOVP

Fault
Remaved

VDDVON

Vpp-oFF
Vbp-Hv-oN|

\ 4

Operating Current
A

lop-op

|DD-Erusl

4

Figure 45. Auto-Restart Mode Operation
AC
Vst '/‘ Power Disconnected —
On Again
™~~~
™~
\\
™~
VDD“ ?/F?)tection
/_ triggered /_
Voo.on Pfotection
res ll\
V-
VDD[EVOEE Z
DD-LH >
Operating Current
A
Iop-op
IDDrBurs( 3

Figure 46. Latch-Off Mode Operation

VDD Over-Voltage-Protection (Vpp.ovp)

VDD over-voltage protection prevents IC damage from
over-voltage stress. It is operated in Auto-Restart mode.
When the VDD voltage exceeds Vpp.ove (29.0 V) for the
de-bounce time, tp.vopove (70 us), due to abnormal
condition, the protection is triggered. This protection is
typically caused by an open circuit of secondary side
feedback network.
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Brownout Protection

Line voltage information is also used for brownout
protection. When the lys current out of the VS pin during
the MOSFET conduction time is less than 450 pA for
longer than 16.5ms, the brownout protection is
triggered. The input bulk capacitor voltage to trigger
brownout protection is given as:

RVSI
Ny4/Np
IC Internal Over-Temperature-Protection (OTP)

The internal temperature-sensing circuit disables the
PWM output if the junction temperature exceeds 140°C
(Torp) and the FAN602L enters Latch-Off mode
protection.

VS Over-Voltage-Protection (VS-OVP)

VS over-voltage protection prevents damage caused by
output over-voltage condition. It is operated in Latch-Off
mode. Figure 47 shows the internal circuit of VS-OVP
protection. When abnormal system conditions occur,
which cause VS sampling voltage to exceed Vys.ovp
(2.9 V) for more than 2 consecutive switching cycles
(Nvs.ove), PWM pulses are disabled and FAN602L
enters Latch-Off protection. VS over-voltage conditions
are usually caused by open circuit of the secondary side
feedback network or a fault condition in the VS pin
voltage divider resistors. For VS pin voltage divider
design, Rys: is obtained from Equation (10), and Rys; is
determined by the desired VS-OVP protection function
as:

Verk.go = 450u - (10)

1

Vo—ove  Na 1
Vvs—ovp Ns

Rys2 = Rys1 - (11)

2.9V

S/H +

VS-OVP
Debounce time

Figure 47. VS-OVP Protection Circuit
VS Under-Voltage-Protection (Vs.yvp)

In the event of an output short, output voltage will drop
and the primary peak current will increase. To prevent
operation for a long time in this condition, FAN602L
incorporates under-voltage protection through VS pin.
Figure 48 shows the internal circuit for Vs.uwe. By
sampling the auxiliary winding voltage on the VS pin at
the end of diode conduction time, the output voltage is
indirectly sensed. When Vs sampling voltage is less
than Vvs.uve (0.65 V) and longer than de-bounce cycles
Nvs.uve, VS-UVP is triggered and the FAN602L enters
Latch-Off Mode.

To avoid VS-UVP triggering during the startup
sequence, a startup blanking time, tys.uve-sLank (45 ms),
is included for system power on. For VS pin voltage
divider design, Rys; is obtained from Equation (10) and
Rvs2 is determined by Equation (11). Vo.uve can be
determined by Equation (12).

Latch-Off

(12)

Aux

Latch-Off

VS-UVP Protection Circuit

Figure 48.
Pulse-by-Pulse Current Limit

During startup or overload condition, the feedback loop is
saturated to high and is unable to control the primary
peak current. To limit the current during such conditions,
FAN602L has pulse-by-pulse current limit protection
which forces the GATE to turn off when the CS pin
voltage reaches the current limit threshold, Vcs.um (0.9 V).

Secondary-Side Diode Shot Protection

When the secondary-side diode is damaged, the slope
of the primary-side peak current will be sharp within
leading-edge blanking time. To limit the current during
such conditions, FAN602L has secondary-side diode
short protection which forces the GATE to turn off when
the CS pin voltage reaches 1.6V. After one switching
cycle, it will operate in Auto-Restart mode as shown in
Figure 49.

Current Sense Short Protection

Current sense short protection prevents damage caused
by CS pin open or short to ground. After two switching
cycle, it will operate in Auto-Restart mode. Figure 49
shows the internal circuit of current sense short
protection. When abnormal system conditions occur,
which cause CS pin voltage lower than 0.2V after
debounce time (tcssho) for more than 2 consecutive
switching cycles, PWM pulses are disabled and
FANG6O2L enters Auto-Restart protection. The Ics-short IS
an internal current source, which is proportional to line
voltage. The debounce time (tcsshort) iS created by Ics.
short, €@pacitor (2 pF) and threshold voltage (2.4 V). This
debounce time (tcs-short) IS inversely proportional to the
DC link capacitor voltage, Vaik.

Vaik

Auto -
Restart

17
.
PWM
Auto -
Restart

0.9v
Pulse-by-Pulse
LEB

Figure 49.

Current Sense Protection Circuit
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