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1. Power Supply Overview HiPEREFEHR:

1.1 Table 1 Input Electrical Characteristics Overview (& \%7%)

Input voltage range  #ir A\ Hi &

90Vac-264Vac

Normal voltage range FrvfE#iA

100Vac-240Vac

Frequency range MR {EH 50Hz/60Hz
Max input AC current Jif 255 X\ HL i 90Vac/3A Max

Inrush current (cold start) JR VR EAHL

50A/100Vac; 100A/240Vac

Efficiency (full load) %%

80%Min@115Vac,Full load

Harmonic current TP IR

GB17625.0-1998/IEC61000-3-2 CALSS D

Leakage Current s FELIR <0.75mA/220Vac
Standby Power Loss fFHLIh#E <1.0W/220Vac
Input Fuse i N ORS00 T5AL/250Vac

1.2 Output Eletrical Characteristics Overview (i H45%)
1.2.1 Table 2 Output Voltage, Current & Regulation. (%t if3&4%)

Output Voltage Regulation| Min current Rated current
A PR YR S ZANGERUN BUE FLL
5VSB +5% 0.1A 1A
5V +5% 0.2A 2A
24V +5% 0.2A 5A
12V +5% 0.1A 2A

1.2.2 Table 3 DC Output Ripple & Noise. (it # SUfmg: )

Output Voltage Ripple & Noise(Max)
5VSB Ripple<80mV Noise<150mV
5V Ripple<80mV Noise<150mV
24V Ripple<240mV Noise<500mV
12V Ripple<120mV Noise<240mV

Note: 1)Measurements shall be made with an oscilloscopewith 20Mhz bandwidth .

TRV P B A 20MHZAT B

2) Output shall be bypassed at the connector with a 0.1 uF ceramic capacitor and a 10uF
electrolytic simulate system loading .

i H FEIC0. LUF ) ) 5 Fi 25 FN 10U 1) HEL it F 725 o
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1.3 On/Off Control (ON/OFFZ 4
The power supply DC outputs (without+5.0VSB) shall be enable with a high-level which more than 2.5V.
ON/OFF Hi - it 2. 5VENF, FHL 5Tt 1

The+5.0 VSB is on whenever the AC power is present.
HEACHIN, +5VSBakIEH il .

Table 1.
Ps-on Signal Comments Outputs
High =2.5V Enable
Low <15V Unable
Open Unable
1.4 Protection:(f£4PZhEE)
1.4.1 Table9 DC Over Voltage Protection. (%t s {44
Output Voltage Max. Over Voltage Comments
24V 30V Shut off
12v 16V Shut off
1.4.2 Table 10 DC Output Over current Protection. (% i i 24
Output Voltage Over Current Comments
5VSB 3-11A Hiccup
5V 3-11A Hiccup
24V 8-15A Shut off
12v 4-9A Shut off

A MI5VSBZ OCPRISVHI T Zn 2k, [HIFFNISV 2 OCPH5VSBHirth 2 ¥ k.

1.4.3 Table 11 DC Output Short Circuit Protection. (f i & #% {549 )

Output Voltage Comments
5VSB Hiccup
5V Hiccup
24V Shut off
12v Shut off
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1.4.4 Reset After Shutdown. ({45 hfig &Z47)
After power supply enter into shutdown, The power supply will rework after AC reset.

HIYSHE AR UIRAS JG . ACE B 5 rA BEEUBT IR A% .

2. lsolation (4% RE)
2.1 Table 12 (4841 fe

Input To Output DC500V 4M Min (room temperature)

Note:

2.2 Table 13 (44 JE)

Input To Output 3.0KV/10mA 50Hz 1 minute

Note:

3. Safety (Z43#)
The power supply shall compliance with the following Criterion:
HL Y22 PR A2 R AR
1) GB8898-2001

4. EMC (HLREFRZME)
4.1 EMI CHEEETFHL

The power supply shall compliance with the following Criterion:

HL Y5t PR T P06 A2 T Z1 )

1) Conduction Emission: ({5 T3t )
EN55022, CLASSB
GB9254,CLASS B
* FCC PART15 CLASS B

2) Radiate Emission: (45 90 )
EN55022, CLASSB
GB9254, CLASSB

* FCC PART15 CLASS B
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42 EMS CHHEETFH
The power supply shall compliance with the following Criterion:

FL Y LB BT T A2 T Z )

1) ESD (i#uidhz)
*GB17626.2-1998/IEC61000-4-2

2) EFT (Mo BEFeE)
*GB17626.4-1998/IEC61000-4-4 3KV

3) Surge (iR
*GB17626.5-1998/IEC61000-4-5 2KV/4KV

5. Environmental Requirement (T{E¥F15)

5.1 Temperature GA3EHEE)
Operating : 0°C to +40°C
Store: -10 C to +70°C

5.2 Humidity GREEE)
Operating :  From10% to 90% relative humidity (non-condensing).
Store: From 5 to 95% relative humidity (non-condensing).

5.3 Altitude (¥R =)
Operating: To10, 000ft.
Store: To20, O000ft.

5.4 Cooling Method (A#15)
Ventilation cooling .

5.5 Vibration #3752 )
* 10-55Hz,49.0m/s2(5G),3minutes period, 60minutes each along X, Y and Z axis.
5.6 Impact (i 52)
*196.1m/s2(20G), 11MS, once each X, Y and Z axis.

6.Dimension(#FE R ~})

*210mm X *130mm X * 30 mm

7.Weight (&)
*About 540¢g

B VE il I S T
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8.Pin Connection (S HIA7 € 30

Table 14 CON1 Connection And Function

No. Pin Connection Function
1 L AC INPUT L
2 N AC INPUT N
Note: CON1 Pitch 3.96mm (=PIN 4% %1 i1180° & i)
Table 15 CON2 CON5 Connection And Function
No. Pin Connection Function
1 GND GND
2 GND GND
3 GND GND
4 GND GND
5 GND GND
6 24V 24\
7 24V 24\
8 24V 24\
9 24V 24\
10 24V 24V
Note: CON2 CONS5 Pitch 2.5mm (%1 51180° 1 i)
Table 16 CON3 Connection And Function
No. Pin Connection Function
1 GND GND
2 12V 12V
3 GND GND
4 12V 12V
Note: CON3 Pitch:2.5mm (%1 J}1180° i Jii)
JOU Y155 B TR R A A DRI
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Table 17 CON4 Connection And Function

No Pin Connection Function

1 GND GND

2 GND GND

3 GND GND

4 5V 5V

5 5V 5V

6 5V 5V

7 GND GND

8 5VSB 5VSB

9 PS-ON PS-ON
Note: CON4 Pitch:2.5mm (%1 J}1180° & Jii)
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9. Power Supply mounting ( Z%& R ~})
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10. Packing,Shipping and Storing (8.3, ZE#i. )
1. Packing(@)

Product name, part number, supplier's logo, QC stamp, Pb-free display and date must be printed on the package case.
BEAT A AR S ] EARRL T E R AT TR A AR i YA

2. Shipping(iz %)

This product can be transported through land, sea or air. Measures should be taken for water and sunproof.

Also, it should be handled with care
ENTHE, . s, @b sk, B, SCIdeE,

3. Storing(t>4%)

Keep the product staying in the package case before using. The temperature of the stock house should be between -40-+55 C and
the humidity should between 5-95%. Keep the product away from hazadous gas, flammable or explosive substances and erosive
chemical material. Avoid dramatic vibration or shock and strong magnetic field. The package cases should be racked 20cm
above the ground and 50cm away from the wall, window,heat source or ventilation port. Generally the storage term of this
product is 2 years. All the products should be doublechecked after that time.

72 AR I AT A R N, BRI -40°C—55°C, AIXHEE N5%—95%, BIENARUH G HUE, 5
B, Dy ERB e dh R AT TR PR AL A Y, OF HIGsR R RONUAR S, ph b M miz /e R, B eAR N B 8 3 2= /> 20em sy
PREGhRE . AR, A RN R b50em,  AEAKRUE SN AR O 24, R 24 5 B HDRT A T A G
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|IC Characteristic for LCD TV Power Supply

PWM IC(IC6) :

L6599

73

L6599

HIGH-VOLTAGE RESONANT CONTROLLER

MAIN FEATURES

50% DUTY CYCLE, VARIABLE FREQUENCY
CONTROL OF RESONANT HALF-BRIDGE
HIGH-ACCURACY OSCILLATOR

UP TO 500 kHz OPERATING FREQUENCY
TWO-LEVEL OCP: FREQUENCY-SHIFT AND
LATCHED SHUTDOWN

INTERFACE WITH PFC CONTROLLER
LATCHED DISABLE INPUT

BURST-MODE OPERATION AT LIGHT LOAD
INPUT FOR POWER-ON/OFF SEQUENCING
OR BROWNOUT PROTECTION
NON-LINEAR SOFT-START FOR MONOTO-
NIC OUTPUT VOLTAGE RISE

600V-RAIL COMPATIBLE HIGH-SIDE GATE
DRIVER WITH INTEGRATED BOOTSTRAP
DIODE AND HIGH dv/dt IMMUNITY

-300/800 mA HIGH-SIDE AND LOW-SIDE
GATE DRIVERS WITH UVLO PULL-DOWN
DIP16, SO16N PACKAGE

APPLICATIONS

LCD& PDP TV

DESKTOP PC, ENTRY-LEVEL SERVER
TELECOM SMPS

AC-DC ADAPTER, OPEN FRAME SMPS

BLOCK DIAGRAM

TARGET SPEC

BCD OFFLINE TECHNOLOGY

DIP16 SO16N
ORDERING NUMBERS:
L6599N L6599D
LG6599TR
DESCRIPTION

The L6599 is a double-ended controller specific
for the series-resonant half-bridge topology. It
provides 50% complementary duty cycle: the
high-side switch and the low-side switch are
driven ON 180° out-of-phase for exactly the same
time. Output voltage regulation is obtained by
modulating the operating frequency. A fixed dead-
time inserted between the tum-off of one switch
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L6599

and the turn-on of the other one guarantees soft-
switching and enables high-frequency operation.
To drive the high-side switch with the bootstrap
approach, the IC incorporates a high-voltage
floating structure able to withstand more than
600V with a synchronous-driven high-voltage
DMOS that replaces the extemal fast-recovery
bootstrap diode.

The IC enables the designer to set the operating
frequency range of the converter by means of an
externally programmable oscillator.

At start-up, to prevent uncontrolled inrush current,
the switching frequency starts from a program-
mable maximum value and progressively decays
until it reaches the steady-state value determined
by the contrel loop. This frequency shift is non
linear to minimize output voltage overshoots; its
duration is programmable as well.

At light load the IC enters a controlled burst-mode
operation that keeps the converter input
consumption to a minimum.

IC’s functions include a not-latched active-low
disable input with current hysteresis useful for
power sequencing or for brownout protection, a
current sense input for OCP with frequency shift
and delayed shutdown with automatic restart. A
higher level OCP latches off the IC if the first-level
protection is not sufficient to control the primary
current. Their combination offers complete
protection against overload and short circuits. An
additional latched disable input (DIS) allows easy
implementation of OTP andfor OVP.

An interface with the PFC controller is provided
that enables to switch off the pre-regulator during
fault conditions, such as OCP shutdown and DIS
high, or during burst-mode operation.

ABSOLUTE MAXIMUM RATINGS
Symbol Pin Parameter Value Unit
Voot | 16 Floating supply voltage -1t0 618 W
Vour 14 Floating ground voltage -3 10 Veoor-18 Vi
dVour fdt 14 Floating ground max. slew rate 50 Vins
Vee 12 IC Supply voltage (lcc = 25 mA) Self-limited v
Verc_stor 9 Maximum voltage (pin open) -0.3 to Vee v
IFFc_sTor 9 Maximum sink current (pin low) Self-limited A
VUingmax i Maximum pin voltage (Ipin < TmA) Self-limited v
IREmin 4 Maximum source current 2 mA
- 1106, 8 Analog Inputs & Outputs 03t05 v
fosomax | Maximum operating frequency 500 kHz
- Power Dissipation @Tamb = 70°C (DIP16) 1 -
Power Dissipation @ Tamb = 50°C (SO16) 0.83
Tj | Junction Temperature Operating range -40 to 150 °C
Tstg Storage Temperature -55t0 150 °C
MNote: ESD immunity for pins 14, 15 and 16 is guaranteed up to 900V (Human Body Model)
PIN CONNECTION (Top view)
Css[| 1 b 16 | ]vBOOT
DELAY [ 2 15 [JHVG
CF[] 3 14 |[JouTt
RFmin [| 4 13 [IN.C.
STRY[] 5 12 [Jvee
ISEN[]| & 1 [ WG
uNel] 7 10 [JGND
Dis[] 8 9 |IPFC_STOP
THERMAL DATA
Symbol Parameter Value Unit
R bank | Max. Thermal Resistance, Junction-to-ambient (DIP16) 80 oCAY
| Max. Thermal Resistance, Junction-to-ambient (SO16) | 120 |
E 217
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L6599

PIN FUNCTIONS
M. Name Function

Soft start. This pin connects an external capacitor to GND and a resistor to RFmin (pin 4)
that set both the maximum oscillator frequency and the time constant for the frequency
shift that occurs as the chip starts up (soft-start). An internal switch discharges this
capacitor every time the chip turns off (Vec<UVLO, LINE<1.25 V or =6 V, DIS=2 V,
ISEN=1.5 V, DELAY=2 V) to make sure it will be soft-started next, and when the voltage
on the current sense pin (ISEN) exceeds 0.8 V, as long as it stays above 0.76V.

Delayed shutdown upon overcurrent. A capacitor and a resistor are connected from this
pin to GND to set the maximum duration of an overcurrent condition before the IC stops
switching and the delay after which the IC restarts switching. Every time the voltage on
the ISEN pin exceeds 0.8V the capacitor is charged by an internal 150 pA cumrent
generator and is slowly discharged by the external resistor. If the voltage on the pin
2 DELAY reaches 2 V, the soft start capacitor is completely discharged so that the switching
frequency is pushed to its maximum value and the 150 pA is kept always on. As the
voltage on the pin exceeds 3.5V the IC stops switching and the internal generator is
turned off, so that the voltage on the pin will decay because of the external resistor. The
I will be soft-restarted as the voltage drops below 0.3V. In this way, under short circuit
conditions, the converter will work intermittently with very low input average power.

Timing capacitor. A capacitor connected from this pin to GND is charged and discharged
3 CF by internal current generators programmed by the external network connected to pin 4
(RFmin) and determines the switching frequency of the converter.

Minimum oscillator frequency setting. This pin provides a precise 2V reference and a
resistor connected from this pin to GMD defines a current that is used to set the minimum
oscillator frequency. To close the feedback loop that regulates the converter output
4 RFmin voltage by modulating the oscillator frequency, the phototransistor of an optocoupler will
be connected to this pin through a resistor. The value of this resistor will set the maximum
operating frequency. An R-C series connected from this pin to GND sets frequency shift
at start-up to prevent excessive energy inrush (soft-start).

Burst-mode operation threshold. The pin senses some voltage related to the feedback
control, which is compared to an internal reference (1.25V). If the voltage on the pin is
lower than the reference, the IC enters an idle state and its quiescent current is reduced.
5 STBY The chip restarts switching as the voltage exceeds the reference by 50 mV. Soft-start is
not invoked. This function realizes burst-mode operation when the load falls below a level
that can be programmed by properly choosing the resistor connecting the optocoupler to
pin RFmin (see block diagram). Tie the pin to RFmin if burst-mode is not used.

Current sense input. The pin senses the primary current though a sense resistor or a
capacitive divider for lossless sensing. This input is not intended for a cycle-by-cycle
control; hence the voltage signal must be filtered to get average current information. As
the voltage exceeds a 0.8 V threshold (with 50 mV hysteresis), the soft-start capacitor
connected to pin 1 is intemally discharged: the frequency increases hence limiting the
6 ISEN power throughput. Under output short circuit, this normally results in a nearly constant
peak primary current. This condition is allowed for a maximum time set at pin 2. If the
current keeps on building up despite this frequency increase, a second comparator
referenced at 1.5 V latches the device off and brings its consumption almost to a "before
start-up” level. The information is latched and it is necessary to recycle the supply voltage
of the |C to enable it to restart: the latch is removed as the voltage on the Vcc pin goes
below the UVLO threshold. Tie the pin to GND if the function is not used.

Line sensing input. The pin is to be connected to the high-voltage input bus with a resistor
divider to perform either AC or DC (in systems with PFC) brownout protection. A voltage
below 1.25V shuts down (not latched) the IC, lowers its consumption and discharges the
soft-start capacitor. IC's operation is re-enabled (soft-started) as the voltage exceeds
7 LINE 1.25V. The comparator is provided with current hysteresis: an internal 15 pA current
generator is ON as long as the voltage applied at the pin is below 1.25V and is OFF if this
value is exceeded. Bypass the pin with a capacitor to GND to reduce noise pick-up. The
voltage on the pin is top-limited by an internal zener. Activating the zener causes the IC to
shut down (not latched). Tie the pin to RFmin if the function is not used.

Latched device shutdown. Internally the pin connects a comparator that, when the voltage
on the pin exceeds 2V, shuts the IC down and brings its consumption almost to a "before
8 DIS start-up” level. The information is latched and it is necessary to recycle the supply voltage
of the IC to enable it to restart: the latch is removed as the voltage on the Vce pin goes
below the UVLO threshold. Tie the pin to GND if the function is not used.

E a7
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L6599

PIN FUNCTIONS (cont'd)

PFC_STOP

Cpen-drain ON/OFF control of PFC controller. This pin, normally open, is intended for
stopping the PFC controller, for protection purpose or during burst-mode operation. It
goes low when the |C is shut down by DIS=2 V, ISEN>1.5 V, LINE=E V and STBY<1.25V.
The pin is pulled low also when the voltage on pin DELAY exceeds 2V and goes back
open as the voltage falls below 0.3V. During UVLO, it is open. Leave the pin unconnected
if not used.

10

GND

Chip ground. Current return for both the low-side gate-drive current and the bias current
of the IC. All of the ground connections of the bias components should be tied to a track
going to this pin and kept separate from any pulsed current return.

A

LVG

Low-side gate-drive output The driver is capable of 0.3 A min. source and 0.8 A min. sink
peak current to drive the lower MOSFET of the half-bridge leg. The pin is actively pulled
to GMD during UVLO.

12

Vee

Supply Voltage of both the signal part of the IC and the low-side gate driver. Sometimes a
small bypass capacitor (0.1 UF typ.) to GND might be useful to get a clean bias voltage
for the signal part of the IC.

13

N.C.

High-voltage spacer. The pin is not internally connected to isolate the high-voltage pin
and ease compliance with safety regulations (creepage distance) on the PCB.

14

ouTt

High-side gate-drive floating ground. Current return for the high-side gate-drive current
Layout carefully the connection of this pin to avoid too large spikes below ground.

15

HVG

High-side floating gate-drive output The driver is capable of 0.3A min. source and 0.8A
min. sink peak current to drive the upper MOSFET of the half-bridge leg. A resistor
internally connected to pin 14 (OUT) ensures that the pin is not floating during UVLO.

16

VBOOT

TYPICAL SYSTEM BLOCK DIAGRAM

High-side gate-drive floating supply Voltage. The bootstrap capacitor connected between
this pin and pin 14 (OUT) is fed by an internal synchronous bootstrap diode driven in-
phase with the low-side gate-drive. This patented structure replaces the normally used
external diode.

RESONANT HALF-BRIDGE

T

Veutde

Resonant HB is turned off in case of
PFC's anomalous operation, for safety

LB561/2/3 L6599

—i
¢

PFC can be turned off at light
load to ease compliance with
energy saving regulations.

7
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L6599

ELECTRICAL CHARACTERISTICS (Tj=0 to 105°C, Vee=15V, Vioor=15V, Cive=CLye=1 nF: Cr=470 pF:
Rermin=12 KOQ; unless otherwise specified)

Symbol | Parameter Test Condition | Min. | Typ. | Max. | Unit
IC SUPPLY VOLTAGE
Vee Operating range After device turn-on 8.7 16 Vi
Veeon Turn-on threshold Voltage rising 10 107 | 11.4 V'
VeCo Turn-off threshold Voltage falling 7.45 | 815 | 885 \'
Hys Hysteresis 255 \'
Vs Vee clamp voltage Iclamp = 10 mA 16 17 17.5 \'
SUPPLY CURRENT
lustes | Start-up Current \Bfiof\f;:'ieﬂt;m\;o" 200 | 250 | pA
ly Quiescent Current Device on, Varey = 1V 1.5 2 mA
lop Operating current 4 mA
1y Residual consumption gﬁ:; g 12 ¥5°\rr,\érr’;;‘;i%f’;r 300 | 400 | pA
HIGH-SIDE FLOATING GATE-DRIVE SUPPLY
lkgoor | Veoor pin leakage current Voo = 580V 5 WA
ILkouT OUT pin leakage current Vour = 562V 5 pA
Rosr | Smeaaoo™® | Vo= HioH o
OVERCURRENT COMPARATOR
lisen Input Bias Current WVizen = 010 Visenais -1 WA
tes | Leading Edge Blanking ‘&girt:g‘r:‘;;:: Vg kHIg- 250 ns
Visene | Frequency shift threshold | Voltage rising ‘! 076 | 0.8 | 0.84 v
Hysteresis Voltage falling 50 mv
Visenas | Latch off threshold Voltage rising ' 144 | 15 | 156 v
tdin) Delay to Output 200 ns
LINE SENSING
Vth Threshold voltage Voltage rising or falling i 1.2 1.25 1.3 A
iy Current Hysteresis Vee> 5V, Ve = 0.3V 12 15 18 KA
Veamp | Clamp level lne = 1TMA 3] 8 \J
DIS FUNCTION
lois Input Bias Current Vo = 0 to Vth -1 A
Vith Disable threshold Voltage rising /'™ 1.92 2 208 | VvV
OSCILLATOR
D Output duty cycle Both HVG and LVG 43 50 52 %
L 58.2 60 61.8
e Oscillation frequency Rors 3.48 KO 10 250 250 kHz
To Dead-time Between HVG and LVG 0.2 027 | 0.35 us
Ve Peak value 39 Vv
Vee, Valley value 0.8 \%
Vrer Voltage reference atpin4 | " 1.92 2 2.08 \%
Ky Current mirroring ratio 1 ASA
PFC_STOP FUNCTION
[ High level leakage current | Veee srop=Vee, Vois =0V 1 WA
Vi Low saturation level lpec stop=1MA, Vois =1.5V 0.1 v
E 517
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L6599

ELECTRICAL CHARACTERISTICS (cont'd)

Symbol | Parameter Test Condition | Min. | Typ. ‘ Max. ‘ Unit
SOFT-START FUNCTION
lisai Open-state current V(Css)= 2V 05 HA
R Discharge resistance Visen=Vizenx 100 Q
STANDBY FUNCTION
Iois Input Bias Current Vois = 0 to Vth -1 A
Vith Disable threshold Voltage falling '’ 12 | 125 | 13 v
Hys Hysteresis Voltage rising 50 mv
DELAYED SHUTDOWN FUNCTION
licak Open-state current V(DELAY)=0 05 WA
lensmee | Charge current Voeray = 1V, Vige=0.85V 100 150 200 HA
Texarce | Charge duration 20 us
——7
Vith, ggge;hr?]l:;ofrr;cat:eegczpera— Voltage rising " 192 5 208 v
Vih, Shutdown threshold Voltage rising "’ 33 | 35 | 37 v
Vith; Restart threshold Voltage falling ' 025 | 03 | 0356 v
LOW-SIDE GATE DRIVER (voltages referred to GND)
Vivel Output Low Voltage lirie = 200 mA 1:5 '
ViveH Cutput High voltage liouree = B MA 12.8 13.3 A
loouwcens | Peak source current -0.3 A
| sinigpi Peak sink current 0.8 A
t Fall Time 30 ns
1 Rise Time 60 ns
UVLO saturation Vee= 0 to Veeo,, L= 2mA 1.1 W
HIGH-SIDE GATE DRIVER (voltages referred to QUT)
Vivel Output Low Voltage lsrie = 200 mA 1.5 \'
ViveH Cutput High voltage liouree = B MA 12.8 13.3 A"
loouweenk | Peak source current -0.3 A
 sinigpk Peak sink current 0.8 A
t; Fall Time 30 ns
A Rise Time 60 ns
HVG-OUT pull-down 25 kC2
Myalies tracking each ather
) This value will be reduced at 1.82V typ. in the final silicon release
817
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PWM IC(IC7): FAN7602M

| April 2008

FAIRCHILD

SEMICONDUCTOR®

Green Current Mode PWM Controller

Features Description

m Green Current Mode PWM Control The FAN7602 is a green current mode PWM controller,

m Fixed 65kHz Operation with Frequency Modulation It is specially designed for off-line adapter application,

® Internal High-Voltage Start-up Switch DVDP, VCR, LCD monitor application, and auxiliary

® Burst Mode Operation A

® Line Voltage Feed Forward to Limit Maximum Power The internal high-voltage start-up switch and the burst
A g " mode operation reduce the power loss in standby mode.

% Gl Unclen \.-’.of‘tage Firataation : Because of the internal start-up switch and the burst

B |atch Protection & Internal Soft-Start (10ms) Function mode, it is possible to supply 0.5W load limiting the input

m Overload Protection power under 1W when the input line voltage is 265Vac,

m Over Voltage Protection On ne-load condition, the input power is under 0.3W.

® Low Operation Current: Typ. TmA The maximum power can be limited constantly, regard-

m 3-pin DIP less of the line voltage change using the power limit

: y function.
Applications

The switching frequency is internally fixed to be 65kHz
B Adapter and the frequency modulation technigue reduces EMI.

. LCE‘_) _Monitor Power The FAN7802 includes various protections for the sys-
= Auxiliary Power Supply tern reliability and the internal soft start prevents the out-
put voltage over-shoot at start-up.

Related Application Notes

m ANB014 - Green Current Mode PWM Controller
FAN7802

Ordering Information

Operating Temp. Marking
Part Number Range Pb-Free Package Packing Method Code
FANTE02N -25°C to +125°C Yes 8-DIP Rail FAN7602
£2006 Fairchild Semiconductor Corporation 1 wwaw lairchildsemi com

FANT602 Rev. 1.01
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Typical Application Diagram

A T é MO
I | 0
P - FANTS02 |
o L) .
]
Figure 1. Typical Flyback Application
Internal Block Diagram
Vstr
[8]
ITI 7 HS]VG{:
Luvp[d LUVP ! Auto Restart T N
OoLP » Protection SS End = 19V
I 2V1.6V OVP jI"‘
——™  Latch Reset
Lah I protection [+ Circuit A
f ] 1eviev
Ve uvLO I
10ms SSEnd
Soft Start
- Driver
- I_' Circuit —sjour
PWM .
65kHz Clock Block Plimit
with _ Offset
Frequency - +
Modulation Delay /;I Ur '[J]CSJ'FB
Circuit _%_
0.95V/0.88V
Latoh/ [2 P\ Latch 1
Plimit
C 17 oLP EVWb Power Limit
I 4V ( Soft
Plimit Start T
Plimit Offset Plimit
Generator Soft
Start

Figure 2. Functional Block Diagram of FAN7602

FAN7602 Rev. 1.0.1
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Pin Assighments

Pin Definitions

Vstr NC Voo Out

[F1[7] [] [F]
)FAN7602
O YWW
T (=] (=] =]

LUvP Latch/ CS/FB GND
Plimit

Figure 3. Pin Configuration (Top View)

Pin Number | Pin Name Pin Function Description

1 LUVP Line Under Voltage Protection Pin. This pin is used to protect the set when the
input voltage is lower than the rated input voltage range.

2 Lateh/Plimit | Latch Protection and Power Limit Pin. When the pin voltage exceeds 4V, the latch
protection works and the latch protection is reset when the Ve voltage is lower than
EV. For the power limit function, the OCP level decreases as the pin voltage
increases.

3 CSFB Current Sense and Feedback Pin. This pin is used to sense the MOSFET current
for the current mode PWM and QCP. The output voltage feedback information and
the current sense information are added using external RC filter.

4 GND Ground Pin. This pin is used for the ground potential of all the pins. For proper oper-
ation, the signal ground and the power ground should be separated.

5 out Gate Drive Output Pin. This pin is an output pin to drive an external MOSFET. The
peak sourcing current is 450mA and the peak sinking current is 600mA. For proper
operation, the stray inductance in the gate driving path must be minimized.

(5] Vee Supply Voltage Pin. |C operating current and MOSFET driving current are supplied
using this pin.

7 NG No Connection.

8 Vstr Start-up Pin. This pin is used to supply IC operating current during 1C start-up. After
start-up, the internal JFET is turned off to reduce power loss.

FAN7602 Rev. 1.0.1
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Absolute Maximum Ratings
The “Absolute Maximum Ratings” are those values beyond which the safety of the device cannct be guaranteed. The
device should not be operated at these limits. The parametric values defined in the Electrical Characteristics tables
are not guaranteed at the absolute maximum ratings. The “Recommended Operating Conditions” table defines the
conditions for actual device operation.
Symbol Parameter Value Unit
Vee Supply Voltage 20 v
lon. loL Peak Drive Output Current +450/-600 mA
Vosre CS/FB Input Voltage -03to 20 v
Viuve LUVF Input Voltage -0.3t0 10 \
Vi ath Latch/Plimit Input Voltage -0.3t0 10 vV
Vstr Vstr Input Voltage 600 v
T Operating Junction Temperature 160 °C
Topr Operating Temperature Range 2510 125 “C
Tstg Storage Temperature Range -65to 150 °C
Pp Power Dissipation 12 w
VEsn_HEM ESD Capability, Human Body Model 20 kV
A ESD Capability, Machine Model 300 v
VEsn_com ESD Capability, Charged Device Model 500 v
Thermal Impedance
Symbol Parameter Value Unit
Reja Thermal Resistance, Junction to Ambient 8-DIP 100 “CW
Note:
1. Regarding the test environment and PCB type, please refer to JESD51-2 and JESD51-10.

FAN7802 Rev. 1.0.1
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Electrical Characteristics

(Vee = 14V, Ty = -25°C~125°C, unless otherwise specified)

Symbol | Parameter | Condition | Min. | Typ. | Max. | Unit
START UP SECTION

lw | Vstr Start-up Current [ Voy =80V, Ty =25°C o7 [ 1 [ 14 | ma
UMNDER VOLTAGE LOCK OUT SECTION
Vthistart) | Start Thresheld Voltage Vee increasing 11 12 13 v
\thistop) | Stop Threshold Voltage \ee decreasing 7 8 9 v

HY{uvlo) | UVLO Hysteresis
SUPPLY CURRENT SECTION

38 4 4.4 v

Ist Start-up Supply Current Ta=25C - 250 320 wa
lee Operating Supply Current Output no switching - 1 1.5 ma,
SOFT START SECTION
Tss | Soft Start Time( | 5 [ 10| 15 [ ms
PWM SECTION
Fosc Operating Frequency Vegep =02V, Ty =25°C 59 85 73 kHz
AF Frequency Modulation - +2 - kHz
Vegrpt | CS/IFB Threshold Voltage Tp=25C 0.9 1.0 14 vV
To Propagation Delay to Output!") - 100 150 ns
Dyax | Maximum Duty Cycle 70 75 80 %
D Minimum Duty Cycle - - 0 %o
BURST MODE SECTION
Vegpps | Burst On Threshold Voltage Tp=25C 0.84 0.95 1.06
Vosreg | Burst Off Threshold Voltage Tp=25C 077 | 088 | 089 | Vv

POWER LIMIT SECTION

Kpimit | Offset Gain

l Viathpiimit= 2V, Ta =25°C

[ 012 | 016 [ 020 |

QUTPUT SECTION

Vou | Output Voltage High Ta =25°C, Isource = 100mA | 115 | 12 14 Vv

VoL Output Voltage Low Ta =25°C, Isink = 100mA - 1 25 '

Tr Rising Time(" Tp =25°C,Cl=1nF - 45 150 | ns

T Falling Time(" Ta =25°C, Cl=1nF - 35 150 ns
Note:

1. These parameters, although guaranteed by design, are not tested in mass production.

FAN7602 Rev. 1.0.1
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Elecirical Characteristics (Continued)
(Ve =14V, Ty =-25°C~125°C, unless otherwise specified)

Symbol | Parameter | Condition | Min. | Typ. | Max. | Unit
PROTECTION SECTION
Viagn | Latch Voltage 38 4 4.4 v
Towp | Overload Protection Time (¥ 20 22 24 ms
Tolp st | Overload Protection Time at Start- 30 37 44 ms
| up
VoLp | Overload Protection Level - 0.1 "
Viuvporr | Line Under-Voltage Protection On | T =25°C 1.9 2 2.1 v
| to Off
Viuvpan | Line Under-Voltage Protection Off Ta=25C 1.4 1.5 1.6 '
| to Cn
Vove | Over Voltage Protection Ta=25C 18 19 20 v

MNote:

1. These parameters, although guaranteed by design, are not tested in mass production.

FAN7802 Rev. 1.0.1
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Applications Information

1. Start-up Circuit and Soft Start Block

The FANTE02 contains a start-up switch to reduce the
power loss of the external start-up circuit of the conven-
tional PWM converters. The internal start-up circuit
charges the Vec capacitor with 0.9mA current source if
the AC line is connected. The start-up switch is turned off
16ms after IC starts up, as shown in Fig. 19. The soft-
start function starts when the Vec voltage reaches the
start threshold voltage of 12V and ends when the inter-
nal soft-start voltage reaches 1V. The internal start-up
circuit starts charging the Vec capacitor again if the Vee
voltage is lowered to the minimum operating voltage, 8V.
The UVLO block shuts down the output drive circuit and
some blocks to reduce the IC operating current and the
internal soft-start voltage drops to zero. If the Vee volt-
age reaches the start threshold voltage, the IC starts
switching again and the soft start block works as well.

During the soft start, pulse-width modulated (PWM) com-
parator compares the C3/FB pin voltage with the soft
start voltage. The soft-start voltage starts from 0.5V and
the soft-start ends when it reaches 1V and the soft-start
time is 10ms. The start-up switch is turned off when the
soft start voltage reaches 1.5V.

' 3
Veo
12v = —

- FATAY.

Start-up
Current
/ Soft Start B
15vL Voltage, ;
(=
0.5V = ===
Soft Start 7l t
Time {10ms) *
Sms

Figure 19. Start-up Current and Vcc Voltage

2. Oscillator Block

The oscillator frequency is set internally and a frequency
modulation (FM) function reduces EMI. The average fre-
quency is 85kHz and the modulation frequency is +2kHz.
The frequency varies from 63kHz to 87kHz with 186
steps. The frequency step is 250Hz and FM frequency is
125Hz, as shown in Fig. 20.

3. Current Sense and Feedback Block

The FANTB02 performs the current sensing for the cur-
rent mode PWM and the output voltage feedback with
only one pin, pin3. To achieve the two functions with one
pin, an internal LEB (leading edge blanking) circuit to fil-
ter the current sense noise is not included because the
external RC filter is necessary to add the output voltage

FAN7802 Rev. 1.0.1

10

feedback information and the current sense information.
Fig. 21 shows the current sense and feedback circuits,
Rg is the current sense resistor to sense the switch cur-
rent. The current sense information is filtered by an RC
filter composed of Rg and C. According to the output
voltage feedback information, Ipg charges or stops
charging Cg to adjust the offset voltage. If Ipg is zero, C¢
is discharged through Ry and Rg to lower the offset volt-
age.

B87kHz -—

16 steps
1 step=250Hz

B3kHz-

' 125Hz '

Figure 20. Frequency Modulation

Figure 22 shows typical voltage waveforms of the CS/FB
pin. The current sense waveform is added to the offset
voltage as shown in the figure. The CS/FB pin voltage is
compared with PWM-+ that is 1V - Plimit offset as shown
in Fig. 22. If the CS/FB voltage meets PWM4+, the output
drive is shut off. As shown in Fig. 22, if the feedback off-
set voltage is low, the switch on time is increased. If the
teedback offset voltage is high, then the switch on time is
decreased. In this way, the duty cycle is controlled
according to the output load condition. In general, the
maximum output power increases as the input voltage
increases because the current slope during switch on-
time increases. To limit the output power of the converter
constantly, the power limit function is included in the
FANTB02. Sensing the converter input voltage through
the Latch/Plimit pin, the Plimit offset voltage is sub-
tracted from 1V. As shown in Fig. 22, the Plimit offset
voltage is subtracted from 1V and the switch on-time
decreases as the Plimit offset voltage increases. If the
converter input voltage increases, the switch on-time
decreases, controlling the output power constant. The
offset veltage is proportional to the Latch/Plimit pin volt-
age and the gain is 0.16; if the Latch/Plimit voltage is 1V,
the offset voltage is 0.18V,

Vee b
Plimit =
PWM Olizat v
Comparator A
| FWh+ Power m ™4
oK Seft | Limil ’ R
| St ™ csIFB v -

Figure 21. Current Sense and Feedback Circuits
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 Power
PVL‘;!+ Limit
é —= A offset
CSIFB o N\ FB
Offset
GND ! OnTime
(a) Low Power Limit Offset Case
1w Power
o Limit
+ — = Offset
CSIFB *4_,] £ :g\\\
I FB
/ _/Offset
e
GND f

On Time
(b) High Power Limit Offset Case
Figure 22. CS/FB Pin Voltage Waveforms

4. Burst Mode Block

The FAN7602 contains the burst mode block to reduce
the power loss at a light load and no load as the
FANTS01. A hysteresis comparator senses the offset
voltage of the Burst+ for the burst mode as shown in Fig.
23. The Burst+ is the sum of the CSFB wvoltage and
Plimit offset voltage. The FAN7802 enters the burst
mode when the offset voltage of the Burst+ is higher
than 0.95V and exits the burst mode when the offset volt-
age is lower than 0.88V. The offset voltage is sensed
during the switch off time.

| Offset
Delay =3
i i B t
Circuit ﬂ urst+ CS/FB
0.95V/0.88V I

Figure 23. Burst Mode Block

5. Protection Block

The FAN7802 contains several protection functions to
improve system reliability

5.1 Overload Protection (OLP)

The FANTE02 contains the overload protection function.
If the output load is higher than the rated output current,
the output voltage drops and the feedback error amplifier
is saturated. The offset of the CS/FB voltage represent-
ing the feedback information is almost zero. As shown in
Fig. 24, the CS/FB voltage is compared with 50mV refer-
ence when the internal clock signal is high and, if the
voltage is lower than 50mY, the OLP timer starts count-

ing. If the OLP condition persists for 22ms, the timer gen-
erates the OLP signal. And this protection is reset by the
UVLO. The OLP block is enabled after the soft start fin-
ishes.

[3]CSIFB

Soft Start SDmVI

Figure 24, Overload Protection Circuit

5.2 Line Under Voltage Protection
If the input voltage of the converter is lower than the min-
imum operating voltage, the converter input current
increases too much, causing component failure. There-
fore, if the input voltage is low, the corverter should be
protected. In the FAN7602, the LUVP circult senses the
input voltage using the LUVP pin and, if this voltage is
lower than 2V, the LUVP signal is generated. The com-
parator has 0.5V hysteresis. If the LUVP signal is gener-
ated, the output drive block is shut down, the output
voltage feedback loop is saturated, and the OLP works if
the LUVP condition persists more than 22ms.

Vin

= LUVP
+

I 2V/1.5V

Figure 25. Line UVP Circuit

5.3 Latch Protection

The latch protection is provided to protect the system
against abnormal conditions using the Latch/Plimit pin.
The Latch/Plimit pin can be used for the output over-
voltage protection and/or other protections. If the Latch/
Plimit pin voltage is made higher than 4V by an external
circuit, the IC is shut down. The latch protection is reset
when the Vcc voltage is lower than 5V.

5.4 Over-Voltage Protection (OVP)

If the Vce voltage reaches 19V, the IC shuts down and
the OWFP protection is reset when the Vcc voltage is
lower than 5V.

6. Output Drive Block

The FANTB02Z contains a single totem-pole output stage
to drive a power MOSFET. The drive output is capable of
up to 450mA sourcing current and 600mA sinking cur-
rent with typical rise and fall time of 45ns, 35ns respec-
tively with & 1nF load.

FAN7602 Rev. 1.0.1
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PFC IC(IC4): 16562D

(ST

L6562

TRANSITION-MODE PFC CONTROLLER

1

Features

m REALISED IN BCD TECHNOLOGY
m TRANSITION-MODE CONTROL OF PFC PRE-

1

REGULATORS

PROPRIETARY MULTIPLIER DESIGN FOR
MINIMUM THD OF AC INPUT CURRENT
VERY PRECISE ADJUSTABLE OUTPUT
OVERVOLTAGE PROTECTION
ULTRA-LOW (<70uA) START-UP CURRENT
LOW (=4 mA) QUIESCENT CURRENT
EXTENDED IC SUPPLY VOLTAGE RANGE
ON-CHIP FILTER ON CURRENT SENSE
DISABLE FUNCTION

1% (@ Tj =25 °C) INTERNAL REFERENCE
VOLTAGE

-600/+800mA TOTEM POLE GATEDRIVERWITH
UVLO PULL-DOWN AND VOLTAGE CLAMP

DIP-8/SO-8 PACKAGES ECOPACK®

.1 APPLICATIONS

FFC PRE-REGULATORS FOR:
- |[EC81000-3-2 COMPLIANT SMPS (TV,

Figure 2. Block Diagram

Figure 1. Packages

DIP-8 S0-8

Table 1. Order Codes

Part Number Package
L6562N DIP-8
Le562D SO-8

L6562DTR Tape & Reel

DESKTOP PC, MONITOR) UP TO 300W
— HI-END AC-DC ADAPTER/CHARGER
— ENTRY LEVEL SERVER & WEB SERVER

2 Description

The L6562 is a current-mode PFC controller oper-
ating in Transition Mode (TM). Pin-to-pin compati-
ble with the predecessor L6561, it offers improved
performance.

COMP

MULT o3

MY

25

3; 4

MULTIPLIER AND 40K
THD OPTIMIZER

VOLTAGE OVERVOLTAGE
REGULATOR DETECTION

INTERMAL
SUPPLY 7V

+ UWLO

GD

Starter|
stop A
ZERO CURRENT ‘

DETECTOR

- DRIVER

STARTER

DISABLE

November 2005

Rev. 8
1/16




L6562

2 Description (continued)

The highly linear multiplier includes a special circuit, able to reduce AC input current distortion, that allows
wide-range-mains operation with an extremely low THD, even over a large load range.

The output voltage is controlled by means of a voltage-mode error amplifier and a precise (1% @Tj =
25°C) internal voltage reference.

The device features extremely low consumption (<70 pA before start-up and <4 mA running) and includes
a disable function suitable for IC remote ON/OFF, which makes it easier to comply with energy saving
norms (Blue Angel, EnergyStar, Energy2000, etc.).

An effective two-step OVP enables to safely handle overvoltages either occurring at start-up or resulting
from load disconnection.

The totem-pole output stage, capable of 600 mA source and 800 mA sink current, is suitable for big MOS-
FET or IGBT drive which, combined with the other features, makes the device an excellent low-cost solu-
tion for EN61000-3-2 compliant SMPS's up to 300W.

Table 2. Absolute Maximum Ratings

Symbol Pin Parameter Value Unit
Vee 8 IC Supply voltage (lcc = 20 mA) self-limited v
1to4 | Analog Inputs & Qutputs -0.3t08 A
IZCD 5 Zero Current Detector Max. Current -50 (source) mA
10 (sink)
Ptot Power Dissipation @ Tamb = 50°C (DIP-8) 1 w
(S0-8) 0.65
Tj Junction Temperature Operating range -40 to 150 °C
Tetg Storage Temperature -55to 150 °C

Figure 3. Pin Connection (Top view)

Ny [ ~ ] veo
comp [ 1 D
MULT [ [] GND
cs L ] zcD
Table 3. Thermal Data
Symbol Parameter $08 Minidip Unit
Rihjamb | Max. Thermal Resistance, Junction-to-ambient 150 100 °C/W

3
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Table 4. Pin Description

N° Pin Function

1 INV Inverting input of the error amplifier. The information on the output voltage of the PFC pre-
regulator is fed into the pin through a resistor divider.

2 COMP Output of the error amplifier. A compensation network is placed between this pin and INV {pin
#1) to achieve stability of the voltage control loop and ensure high power factor and low THD.

3 MULT Main input to the multiplier. This pin is connected to the rectified mains voltage via a resistor
divider and provides the sinuscidal reference to the current loop.

4 CS Input to the PWM comparator. The current flowing in the MOSFET is sensed through a resistor,
the resulting voltage is applied to this pin and compared with an internal sinusoidal-shaped
reference, generated by the multiplier, to determine MOSFET's turn-off.

5 ZCD Boost inductor's demagnetization sensing input for transition-mode operation. A negative-going
edge triggers MOSFET's turn-on.

GND Ground. Current return for both the signal part of the IC and the gate driver.

GD Gate driver output. The totem pole output stage is able to drive power MOSFET's and IGBT's
with a peak current of 600 mA source and 800 mA sink. The high-level voltage of this pin is
clamped at about 12V to avoid excessive gate voltages in case the pin is supplied with a high
Ve,

8 Vce Supply Veltage of both the signal part of the IC and the gate driver. The supply voltage upper
limit is extended to 22V min. to provide more headroom for supply voltage changes.

Table 5. Electrical Characteristics
(Tj=-2510 125°C, Voo = 12, Co = 1 nF; unless otherwise specified)

Symbol | Parameter | Test Condition | Min. | Typ. | Max. | Unit
SUPPLY VOLTAGE
Voo Operating range After turn-on 10.3 22 V
Veecon | Turn-on threshold (1) 11 12 13 v
Vecor | Turn-cff threshold (1) 8.7 9.5 10.3 V
Hys Hysteresis 2.2 2.8 \
Vz Zener Voltage lge =20 mA 22 25 28 V
SUPPLY CURRENT
lstart-up | Start-up Current Before turn-on, Voo =11V 40 70 WA
lq Quiescent Current After turn-on 2.5 3.75 mA
lee Operating Supply Current @ 70 kHz 3.5 5 mA
Iq Quiescent Current During OVP (either static or 2.2 mA

dynamic) or Vzgp =150 mV

MULTIPLIER INPUT

ImuLT | Input Bias Current Vypr=0to 4V -1 WA
ViuLt | Linear Operation Range 0to3 V
AVig OQutput Max. Slope VmulT=0t0 0.5V 1.65 1.9 VIV
m Veowmp = Upper clamp
K Gain @ Vvur =1V, Voeomp =4 V 0.5 0.6 0.7 1V
ERROR AMPLIFIER
Viny Voltage Feedback Input Tj=25°C 2.465 2.5 2,535 V
Threshold 103V <Vee <22V () 2.44 2.56
Line Regulation Vee =10.3 Vio 22V 2 5 mV
Iy Input Bias Current Vinv=0to3V -1 WA

3
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Table 5. Electrical Characteristics {continued)

(Tij=-2510125°C, Ve = 12, Co = 1 hF; unless otherwise specified)

Symbol Parameter Test Condition Min. Typ. Max. Unit
Gy Voltage Gain Open loop 60 80 dB
GB Gain-Bandwidth Product 1 MHz

lcomp | Source Current Veomp =4V, Viny =24V -2 -3.5 -5 mA
Sink Current Voomp =4V, Viny =26V 2.5 4.5 mA

Veome | Upper Clamp Voltage lsource = 0.5 mA 53 57 6 V
Lower Clamp Voltage lsik = 0.5 mA (1) 2.1 2.25 2.4 \

CURRENT SENSE COMPARATOR
lcs Input Bias Current Vs =0 -1 pA

tarL) | Delay to Output 200 250 ns

Vs olamp | Current sense reference clamp Veomp = Upper clamp 1.6 1.7 1.8 V

Vosotset | Current sense offset Vmult=0 30 mv

VvuLT = 2.5V 5
ZERO CURRENT DETECTOR
Vzcon | Upper Clamp Voltage lzep = 2.5 mA 5.0 5.7 6.5 V%
VzcpL | Lower Clamp Voltage lzep=-2.5 mA 0.3 0.65 1 Vv
Vzcpa | Arming Voltage (3) 2.1 Vv
(positive-going edge)
VzeoT | Triggering Voltage (3) 1.6 V
(negative-going edge)
lzcob | Input Bias Current Vzep = 11045V 2 pA
lzcpsre | Source Current Capability -2.5 -5.5 mA
lzcpsnk | Sink Current Capability 2.5 mA

Vzopdis | Disable threshold 150 200 250 my

Vzcpoen | Restart threshold 350 mv

lzcores | Restart Current after Disable 30 75 WA

STARTER

tgTarT | Start Timer period 75 | 130 300 | He

OUTPUT OVERVOLTAGE
lavp | Dynamic OVP triggering current 35 40 45 WA
Hys Hysteresis (3) 30 WA

Static OVP threshold (1) 2.1 2.25 2.4 v

GATE DRIVER

Von laDsource = 20 MA 2 2.6
Dropout Voltage lgDsource = 200 mA 2.5 3 v
VoL laDsink = 200 MA 0.9 1.9 v
1 Voltage Fall Time 30 70 ns
t Voltage Rise Time 40 80 ns
Vogamp | Quiput clamp voltage laDsource = SMA; Vee = 20V 10 12 15 Vv
UVLO saturation Voo =0 to Vegon, lsink=10mA 1.1 V'

(1) All parameters are in tracking
(2) The multiplier outputis given by: V_ . = K-V 1- (Veoup—25)
(3) Parameters guaranteed by design, functionality tested in production.
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Figure 20. Gate-drive clamp vs. T; Figure 21. UVLO saturation vs. T;
Vpin7 clamp Vpin7
v 18 o
Vee = 20V Vee=0V
14 1 \
09 \\
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wiil 08 \\-.
12
/ 0.7
1 06
10 0.5
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4 Application Information

4.1 Overvoltage protection

Under steady-state conditions, the voltage control loop keeps the output voltage Vo of a PFC pre-regulator
close to its nominal value, set by the resistors R1 and R2 of the output divider. Neglecting ripple compo-
nents, the current through R1, Ir1, equals that through R2, Ire. Considering that the non-inverting input of
the error amplifier is internally referenced at 2.5V, also the voltage at pin INV will be 2.5V, then:

| -25_, _Vo-25

R2 R2 R1 R1 '
If the output voltage experiences an abrupt change AVo > 0 due to a load drop, the voltage at pin INV will
be kept at 2.5V by the local feedback of the error amplifier, a network connected between pins INV and
COMP that introduces a long time constant to achieve high PF (this is why AVo can be large). As a result,
the current through R2 will remain equal to 2.5/R2 but that through R1 will become:

T Vo-25+AVo
R1 R :

The difference current Alg1=I'r1-Ire=I'r1-IR1=AVE/R1 will flow through the compensation network and en-
ter the error amplifier output (pin COMP). This current is manitored inside the L6562 and if it reaches about
37 PA the output voltage of the multiplier is forced to decrease, thus smoothly reducing the energy deliv-
ered to the output. As the current exceeds 40 pA, the OVP is triggered (Dynamic OVP): the gate-drive is
forced low to switch off the external power transistor and the |C put in an idle state. This condition is main-
tained until the current falls below approximately 10 pA, which re-enables the internal starter and allows
switching to restart. The output AVo that is able to trigger the Dynamic OVP function is then:

AVo = R1-40-10°°

An important advantage of this technigue is that the OV level can be set independently of the regulated
output voltage: the latter depends on the ratio of R1 to R2, the former on the individual value of R1. Another
advantage is the precision: the tolerance of the detection current is 12%, that is 12% folerance on AVo.
Since AVo << Vo, the tolerance on the absolute value will be proportionally reduced.

Example: Vo =400 V, AVe = 40 V. Then: R1=40V/40pA=1MQ; R2=1MQ.2.5/(400-2.5)=6.289Kk(2. The tol-
erance on the CVP level due to the L8562 will be 40-0.12=4.8V, that is 1.2% of the regulated value.
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When the load of a PFC pre-regulator is very low, the output voltage tends to stay steadily above the nom-
inal value, which cannot be handled by the Dynamic OVP. If this occurs, however, the error amplifier out-
put will saturate low; hence, when this is detected, the external power transistor is switched off and the IC
put in an idle state (Static OVP). Normal operation is resumed as the error amplifier goes back into its lin-
ear region. As a result, the L6562 will work in burst-mode, with a repetition rate that can be very low.

When either OVP is activated the quiescent consumption of the IC is reduced to minimize the discharge
of the Vcc capacitor and increase the hold-up capability of the IC supply system.

4.2 THD optimizer circuit

The L6562 is equipped with a special circuit that reduces the conduction dead-angle occurring to the AC
input current near the zero-crossings of the line voltage (crossover distortion). In this way the THD (Total
Harmonic Distortion) of the current is considerably reduced.

A major cause of this distortion is the inability of the system to transfer energy effectively when the instan-
taneous line voltage is very low. This effect is magnified by the high-frequency filter capacitor placed after
the bridge rectifier, which retains some residual voltage that causes the diodes of the bridge rectifier to be
reverse-biased and the input current flow to temporarily stop.

Figure 22. THD optimization: standard TM PFC controller (left side) and L6562 (right side)
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To overcome this issue the circuit embedded in the L6562 forces the PFC pre-regulator to process more
energy near the line voltage zero-crossings as compared to that commanded by the control loop. This will
result in both minimizing the time interval where energy transfer is lacking and fully discharging the high-
frequency filter capacitor after the bridge. The effect of the circuit is shown in figure 23, where the key
waveforms of a standard TM PFC controller are compared to those of the L6562.

Essentially, the circuit artificially increases the ON-time of the power switch with a positive offset added to
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the output of the multiplier in the proximity of the line voltage zero-crossings. This offset is reduced as the
instantaneous line voltage increases, so that it becomes negligible as the line voltage moves toward the
top of the sinuseid.
To maximally benefit from the THD optimizer circuit, the high-frequency filter capacitor after the bridge rec-
tifier should be minimized, compatibly with EMI filtering needs. A large capacitance, in fact, introduces a
conduction dead-angle of the AC input current in itself - even with an ideal energy transfer by the PFC pre-
regulater - thus making the action of the optimizer circuit little effective.

Figure 23. Typical application circuit (250W, Wide-range mains)
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Boost Inductor Spec: EBO057-C (COILCRAFT)
Figure 24. Demo board (EVAL6562-80W, Wide-range mains): Electrical schematic
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Boost Inductor Spec (ITACOIL E2543/E)
® E26x13x7 core, GES5 ferrite
e 1.5 mmgap for 0.7 mH primary inductance
® Frimary: 105 turns 20:0.1 mm
® Secondary: 11 turns 0.4 mm
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'PROTECTION CIRCUIT IC(ICS2): LM393

LM393, LM293, LM2903,

LM2903V, NCV2903

Low Offset Voltage
Dual Comparators

The LM393 series are dual independent precision voltage
comparators capable of single or split supply operation. These devices
are designed to permit a common mode range—to—ground level with
single supply operation. Input offset voltage specifications as low as
2.0 mV make this device an excellent selection for many applications

in consumer, automotive, and industrial electronics. -

Features
Wide Single-Supply Range: 2.0 Vdc to 36 Vdc
Split-Supply Range: 1.0 Vdc to 18 Vde

Very Low Current Drain Independent of Supply Voltage: 0.4 mA

Low Input Bias Current: 25 nA

Low Input Offset Voltage: 5.0 mV (max) LM293/393
Input Common Mode Range to Ground Level

Differential Input Voltage Range Equal to Power Supply Voltage

L]
[ ]
.
.
e Low [nput Offset Current: 5.0 nA
L ]
®
[ ]
L]

Qutput Voltage Compatible with DTL, ECL, TTL, MOS, and CMOS

Logic Levels

® ESD Clamps on the Inputs Increase the Ruggedness of the Device

without Affecting Performance

® NCV Prefix for Automotive and Other Applications Requiring Site

and Control Changes
® Pb-Free Packages are Available

Vee +Input = Input Qutput
[« -]
R2
21k
0s o] I
l\ ;\014
b 4 4
Q1o
ﬂ/]_ '—lzm
Q12
a1s
an

L

Figure 1. Representative Schematic Diagram
(Diagram shown is for 1 comparator)
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LM393, LM293, LM2903, LM2903V, NCV2903 ime
MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vee +36 or 18 Vde
Input Differential Voltage Range Vior 36 Vde
Input Common Mode Voltage Range Vicr =0.310+36 Vde
Output Short Circuit-to-Ground Isc Continuous mA
Output Sink Current (Note 1) Isink 20
Power Dissipation @ Ta = 25°C Po 570 mw
Derate above 25°C 1/Raga 57 mwWrFC
Operating Ambient Temperature Range Ta *C
LM293 -25 10 +85
LM393 0to+70 i
LM2903 =40 to +105
LM2903V, NCV2903 (Note 2) =40 to +125
Maximum Operating Junction Temperature T yimax) °C
LM393, 2903, LM2503V 150
LM293, NCV2903 150
Storage Temperature Range Tstg -65 to +150 °C
ESD Protection at any Pin Vesd v
- Human Bedy Model 2000
- Machine Model 200

Maximum ratings are those values beyond which device damage can occur.
ditions) and are not valid simultaneously. If these limits are exceeded, device functional operation & not

values (not normal operating con

damage may occur and reliability may be affected.

1. The maximum output current may be as high
excessive heating and eventual destruction.

2. NCV2903 is qualified for automoative use.

Maximum ratings applied to the device are individual stress limit
implied,

as 20 mA, independent of the magnitude of Ve, cutput short circuits to Ve can cause

htli;:.'.';nsemi.com
2
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LM393, LM293, LM2903, LM2903V, NCV2903

MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vee +36 or £18 Vde
Input Differential Voltage Range Vior 36 Vdc
Input Common Made Voitage Range Vier -0.3to +36 Vde
Output Short Circuit-to~-Ground Ise Continuous mA
Output Sink Current (Note 1) Isink 20
Power Dissipation @ T = 25°C Fp 570 mWw
Derate above 25°C 1/Raja 57 mWPrC
Operating Ambient Temperature Range Ta °C
LM293 =25 to +85
LM393 Oto+70
LM2903 =40 to +105
LM2903V, NCV2803 (Note 2) =40 to +125
Maximum Operating Junction Temperature T iimax) °C
LM393, 2903, LM2903V 150
LM293, NCV2903 150
Storage Temperature Range Tatg -65to +150 °C
ESD Protection at any Pin Vesd v
= Human Body Model 2000
200

= Machine Mode!

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (not nomal cperating conditions) and are nat valid simultanecusly. If these limits are exceeded, device functional operation & notimplied,

damage may occur and reliability may be affected.

1. The maximum output current may be as high as 20 mA, independent of the magnitude of Vg, output short circuits to Vg can cause

excessive heating and eventual destruction.
2. NCV2903 is qualified for automotive use.

http:/lonsemi.com
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Repair Operation Instruction

|On|y 5VSB output working |

v

Are all main outputs short?

v

IE

Are voltages at pin12 of IC6 and
pin8 of IC4 normal?

A

N

Is PS-ON circuit normal?

Y

A4

Check the primary
VCC control circuit
.(Q5,Q6,zD1,zZD2,D9,R
30,C9.etc.

A\ 4

The voltage on
photocoupler(IC2) is lower

Y
A

Y
A

rectifier damage or shorts
happen between the positive
and the negative polaries

Is the voltage on bulk E-
cap(C6) around 385~390V?

than 0.9V means the v!
protection circuits have been PFC circuit is
operated. To separate the OCP | [normal

or OVP circuit to confirm they
worked or not. If the PSU is
NOP yet, then can conclude
that the photocoupler is NG or
OCP/OVP circuits are fault.

A

N

A\ 4

PFC circuit is
abnormal

Check the IC6 and its

external components then
check the drive circuit to
remove PFC circuit fault

Check the IC4 and its
external componets then
check the drive circuit

| 24V, 12V OCP failure analysis |

A
|Remove the OCP Diodes(DS6,DS7) |

Y
\ 4

Main outputs are normal

v

Measure protection control IC's(ICS2)
voltages at Pin1,2,3,5,6,7

N
A4

Check the protection
self-lock
circuit(QS2,QS3.etc.)

l Normal

N Normal N

A

A

Pin2'voltage

Pin2'voltage <Pin3

| |Pin6'v:)Itage >Pin5

| |Pin6'vo|tage <Pin5

>Pin3

y

Check the Pin2,6's
reference voltages
of control IC(ICS2)

A




24V, 12V OVP failure analysis

|Remove the OVP Diodes(DS11,DS12) |

|Main outputs are higher than spec

Normal

L

|Main outputs are normal |

v

diodes(ZDS3,ZDS4)
of main outputs

photocoupler(IC1) Pin1,2

RS15,RS24,RS35

Is ICS1(KA431)'s reference voltage about | |Are zener
25V ?
| fault?
Normal N
A A
Verify the feedback Check

Normal

Verify the feedback

photocoupler(IC1) Pin3,4

N

v

v

Normal

Check the primary
feedback
circuit(R32,R33,R48

The feedback
photocoupler(IC1)
Pinl's resistor(RS11)
opened

N

IClis
damaged

No 5VSB output working

v

Is output short?

v

IE

Is voltage at pin6 of IC7 normal?
(VCC: ON:12V Operation:>8V)

Y
A

Rectifier(DS10) damage or
shorts happen between the
positive and the negative

Check the primary VCC
control circuit
(D12,R51,C27,ZD5.etc.)

polaries
N Y
A
Is R41(MF 56K 1/8W J Check the secondary
)normal? circuit(DS10,LS3.etc)
Y Y N
vY A \4 A

Check the LUVP
control circuit
(D13,R37,R40,R49.etc.)
(Veuve:>2V)

Check the CS/FB
control circuit

tc.)(Vesirs:<1V)

(R47,R44,1C3,R45.C26.e

Replace R41






