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Features

Low start-up current (LOOpA typical)

Low operating current (2.5mA typical)

Low total harmonic distortion, high power factor
Pin-compatible upgrade for the ML4800

Average current, continuous or discontinuous boost,
leading-edge PFC

Slew rate enhanced transconductance error amplifier
for ultra-fast PFC response

Internally synchronized leading edge PFC and trailing-
edge PWM

Reduction of ripple current in the storage capacitor
between the PFC and PWM sections

PWM configurable for current-mode or voltage-mode
operation

Additional folded-back current limit for PWM section
20V BiCMOS process

V|n OK guaranteed turn-on PWM at 2.25V

Vcc OVP comparator, low-power detect comparator
Current-fed gain modulator for improved noise
immunity

Brownout control, over-voltage protection, UVLO,
soft-start, and reference OK

Available in 16-DIP, 16-SOIC (wide) packages

Applications

Desktop PC Power Supply

Internet Server Power Supply
Uninterruptible Power Supply (UPS)
Battery Charger

DC Motor Power Supply

Monitor Power Supply

Telecom System Power Supply
Distributed Power

November 2006

Description

The FAN4800 is a controller for power-factor-corrected,
switched-mode power supplies. Power Factor Correction
(PFC) allows the use of smaller, lower-cost bulk capaci-
tors, reduces power line loading and stress on the
switching FETSs, and results in a power supply that fully
complies with IEC-1000-3-2 specifications. Intended as a
BiCMOS version of the industry-standard ML4800, the
FAN4800 includes circuits for the implementation of
leading edge, average current, boost-type power factor
correction, and a trailing-edge Pulse Width Modulator
(PWM). A gate driver with 1A capabilities minimizes the
need for external driver circuits. Low-power require-
ments improve efficiency and reduce component costs.

An over-voltage comparator shuts down the PFC section
in the event of a sudden decrease in load. The PFC sec-
tion also includes peak current limiting and input voltage
brownout protection. The PWM section can be operated
in current or voltage mode, at up to 250kHz, and
includes an accurate 50% duty cycle limit to prevent
transformer saturation.

The FAN4800 includes a folded-back current limit for the
PWM section to provide short-circuit protection.

16-PDIP 16-SOIC

&

Ordering Information

Operating Packing Marking

Part Number Temp. Range Pb-Free Package Method Code
FAN4800IN -40°C to +125°C Yes 16-PDIP Rail FAN4800
FAN4800IM -40°C to +125°C Yes 16-SOIC Ralil FAN4800
FAN4800IMX -40°C to +125°C Yes 16-SOIC Tape & Reell FAN4800

© 2005 Fairchild Semiconductor Corporation
FAN4800 Rev. 1.0.5

www.fairchildsemi.com
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Block Diagram
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Figure 1. Internal Block Diagram
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Pin Configuration

—leo -
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E ISENSE VREF E
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E RAMP2 DC Iy e E

FAN4800 Rev.03

Figure 2. Pin Configuration (Top View)

Pin Definitions

Pin # Name Description
1 lEpo PFC transconductance current error amplifier output
2 Iac PFC gain control reference input
3 IseNSE Current sense input to the PFC current limit comparator
4 VRrms Input for PFC RMS line voltage compensation
5 SS Connection point for the PWM soft-start capacitor
6 Vpe PWM voltage feedback input
7 R(gtl\éli)l Oscillator timing node; timing set by RT, CT
8 RAMP2 _In_current mod_e, this pin functions as the current sense input; in voltage mode,

(PWM RAMP) | itis the PWM input from the PFC output (feed forward ramp)
9 DC IymiT PWM current limit comparator input
10 GND Ground
11 PWM OUT PWM driver output
12 PFC OUT PFC driver output
13 Vee Positive supply
14 VREE Buffered output for the internal 7.5V reference
15 Veg PFC transconductance voltage error amplifier input
16 Veao PFC transconductance voltage error amplifier output
© 2005 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Absolute Maximum Ratings

The “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed.
The device should not be operated at these limits. The parametric
tables are not guaranteed at the absolute maximum ratings.

values defined in the Electrical Characteristics

Symbol Parameter Min. Max. Unit
Vee Positive Supply Voltage 20 \%
leno PFC transconductance current error amplifier 0 55 v

output

V|seNSE Isense Voltage -3.0 0.7 \%

Voltage on Any Other Pin GND-0.3 Vecet0.3 \

IREE Ireg Current 10 mA

Iac Iac Input Current 1 mA

Iprc_ouT Peak PFC OUT Current, Source or Sink 1 A

lpwm_ouT Peak PWM OUT Current, Source or Sink A

PFC OUT, PWM OUT Energy per Cycle 1.5 TN)

T; Junction Temperature 150 °C

Tsta Storage Temperature Range -65 150 °C

Ta Operating Temperature Range -40 125 °C

T Lead Temperature (Soldering,10 seconds) 260 °C
03a Thermal Resistance (0;4) Plastic DIP 80 °CIW

© 2005 Fairchild Semiconductor Corporation
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Electrical Characteristics
Unless otherwise stated, these specifications apply: Ve = 15V, Ry = 52.3KQ, Ct = 470pF, T, = -40°C to 125°C.

Symbol Parameter Condition | Min. | Typ. | Max. | Unit
VOLTAGE ERROR AMPLIFIER
Vig Input Voltage Range) 0 6 v
gml Transconductance 50 70 90 | umho
V,ef(PFC) | Feedback Reference Voltage Tp=25°C 245 | 250 | 255 \Y,
I(Veao) | Input Bias Current(?) -1.00 | -0.05 mA
Veao(H) | Output High-Voltage 5.8 6.0 \%
VEeao(L) | Output Low-Voltage 0.1 0.4 \%
lsin(V) | Sink Current \Té:ozf;%\\// FB =3V 35 | 20 | pA
Isource(V) | Source Current 3/2:0251(?5’\\// FB = 1.5V 30 40 HA
Gy Open Loop GainM®) 50 60 dB
PSRR1 |Power Supply Rejection Ratio®) 11V < Ve < 16.5V 50 60 dB
CURRENT ERROR AMPLIFIER
Vieao | Input Voltage Range® -1.5 0.7 v
gm2 Transconductance 50 85 100 | pumho
Voffset Input Offset Voltage Tp=25°C 25 mv
Ibeao Input Bias Current(®) -1 HA
leao(H) | Output High-Voltage 4.00 | 4.25 \%
leao(L) Output Low-Voltage 1.0 1.2 \%
Isink(1) Sink Current Isense = 0.5, Igao = 4.0V -65 -35 HA
Isource(l) | Source Current Isense = -0.5, lgpo = 1.5V 35 75 HA
Gi Open Loop GainY 60 70 dB
PSRR2 Power Supply Rejection Ratio® 11V < Ve < 16.5V 60 75 dB
PFC OVP COMPARATOR
Vovp Threshold Voltage Tp=25°C 270 | 2.78 | 2.90 \%
HY(ovp) |Hysteresis Tp=25°C 230 350 mV
LOW-POWER DETECT COMPARATOR
Vin(Ip) | Threshold Voltage Tp=25°C | 0.15 | 0.30 | 0.40 | v
VCC OVP COMPARATOR
Vec ove | Threshold Voltage Ta=25°C 175 | 179 | 185 \Y
HY(Vcc_ovp)| Hysteresis Tp=25°C 140 | 1.50 | 1.65 \%
TRI-FAULT DETECT
VER = VEauir Detect LOW to
taF) Time to Fault Detect HIGH® Vg = Open. 470pF from Vgg 2 4 ms
to GND
F(L) Fault Detect LOW 0.4 0.5 0.6 \Y
© 2005 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Electrical Characteristics (Continued)
Unless otherwise stated, these specifications apply: Ve = 15V, Ry = 52.3kQ), Ct = 470pF, T, = -40°C to 125°C.

Symbol Parameter Condition | Min. | Typ. | Max. | Unit
PFC I, jmit COMPARATOR
Vin(cs) Threshold Voltage -1.10 | -1.00 | -0.90 \Y,
VinesyVam (OPuthultISlMlT V1 — Gain Modulator 5 100 mv
tapic_ofy | Delay to Output™ 250 ns
DC I, it COMPARATOR
Vinbc) Threshold Voltage 0.95 1.00 1.05 \Y,
ty(pwm_off) | Delay to Output(l) 250 ns
Vy OK COMPARATOR
Vin(ok) Threshold Voltage 2.10 2.45 \Y
HY(OK) Hysteresis 0.8 1.0 1.2 \%
GAIN MODULATOR
Gl '\?EB :110\?,“%; Zg“g%c 0 070 | 0.84 | 0.95
G2 '\/;C ::110\(/)“? \:/Rz“gsg L1V, 1.80 | 2.00 | 2.20
Gain®” I FB: 150’ AAV =1.8V Gain®®
G3 \?EB _ 1V,HT,; RS 0.90 | 1.00 | 1.10
G4 {?;381310\?,“% \:/Rz“gsg 33V | 025 | 032 | 040
BW Band Width(®) Iac = 100pA 10 MHz
Vo(gm) | apH v '(t,as gEZSE Coresen) '\j‘FCB :2;\?,“?; VRus =1V | 080 | 100 | 120 | v
OSCILLATOR
fosc1 Initial Accuracy Ta=25°C 68 81 kHz
Afgse1 Voltage Stability 11V < Ve < 16.5V 1 %
Afgseo Temperature Stability 2 %
fosc2 Total Variation Line, Temp 66 84 kHz
Viamp Ramp Valley to Peak Voltage® 2.75 %
tdead PFC Dead Time 685 ns
lgis CT Discharge Current Veamp2 =0V, VRamp1 =25V | 6.5 15.0 mA
REFERENCE
Vief1 Output Voltage Ta =25°C, I(VRep) = IMA 7.4 7.5 7.6 \Y
AVief1 Line Regulation 11V < Ve < 16.5V 10 25 myv
AViefp Load Regulation OmA < I(VRep) < 7TmA 10 20 mV
AVets Temperature Stability 0.4 %
Vief2 Total Variation(®) Line, Load, Temperature 7.35 7.65 %
AViefs Long Term Stability® T, = 125°C, 1000 hours 5 25 mv
© 2005 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Electrical Characteristics (Continued)
Unless otherwise stated, these specifications apply: Ve = 15V, Ry = 52.3kQ), Ct = 470pF, T, = -40°C to 125°C.

1. This parameter, although guaranteed by design, is not 100% production tested.
2. Includes all bias currents to other circuits connected to the Vg pin.
3. Gain =K x 5.375V; K = (Isense — lorrser) * [lac X (Veao — 0.625)] % Veao (max,) = 6V.

Symbol Parameter Condition ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
PFC
Dnin. Minimum Duty Cycle Vigao > 4.0V 0 %
Dmax. Maximum Duty Cycle Vigao < 1.2V 92 95 %
RON(|OW)1 lOUT =-20mA at TA =25°C 15 Q
Output Low Rygon
RON(|OW)2 lOUT =-100mA at TA =25°C 15 Q
Voll Output Low Voltage? lOUI - -010mA, Vec =9V, 0.4 0.8 v
Tp=25°C
Ron(high)1 I =20mA at Tp = 25°C 15 20 Q
ont .g ) Output High Ryson ouT A
RON(hlgh)2 louT = 100mA at Ta= 25°C 15 20 Q
tr(ptc) Rise/Fall Time() C_ = 1000pF 50 ns
PWM
D Duty Cycle Range 0-42 0-47 0-49 %
RON(|OW)3 lout = -20mA at Ta= 25°C 15 Q
Output Low Rygon
RON(|0W)4 lOUT =-100mA at TA =25°C 15 Q
Vol2 Output Low Voltage lOUI - -010mA, Vee =9V, 0.4 0.8 v
Tp=25°C
Ron(high)3 I =20mA at Ty = 25°C 15 20 Q
onl .g ) Output High Ryson ouT A
RON(hlgh)4 lOUT = 100mA at TA =25°C 15 20 Q
tr(pwm) Rise/Fall Time C, = 1000pF® 50 ns
PWM(ls) | PWM Comparator Level Shift 0.6 0.9 1.2 \Y
SUPPLY
Ist Start-up Current Vee =12V, C = 0pF 100 200 HA
lop Operating Current 14V, C = OpF 25 7.0 mA
Vin(start) Under-Voltage Lockout Threshold 12.74 | 13.00 | 13.26 \
Vin(hys) Under-Voltage Lockout Hysteresis 2.80 | 3.00 | 3.20 \Y
Notes:

© 2005 Fairchild Semiconductor Corporation
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Typical Performance Characteristics
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Figure 3. Voltage Error Amplifier (gmv)
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Functional Description

The FAN4800 consists of an average current controlled,
continuous boost Power Factor Correction (PFC) front
end and a synchronized Pulse Width Modulator (PWM)
back end. The PWM can be used in either current or
voltage mode. In voltage mode, feed forward from the
PFC output bus can be used to improve the PWM'’s line
regulation. In either mode, the PWM stage uses conven-
tional trailing-edge, duty-cycle modulation. This patented
leading/trailing edge modulation results in a higher
usable PFC error amplifier bandwidth and can signifi-
cantly reduce the size of the PFC DC bus capacitor.

The synchronization of the PWM with the PFC simplifies
the PWM compensation due to the controlled ripple on
the PFC output capacitor (the PWM input capacitor). The
PWM section of the FAN4800 runs at the same fre-
quency as the PFC.

In addition to power factor correction, a number of pro-
tection features are built into the FAN4800. These
include soft-start, PFC over-voltage protection, peak cur-
rent limiting, brownout protection, duty cycle limiting, and
under-voltage lockout (UVLO).

Power Factor Correction

Power Factor Correction treats a nonlinear load like a
resistive load to the AC line. For a resistor, the current
drawn from the line is in phase with and proportional to
the line voltage, so the power factor is unity (one). A
common class of nonlinear load is the input of most
power supplies, which use a bridge rectifier and capaci-
tive input filter fed from the line.

The peak charging effect, which occurs on the input filter
capacitor in these supplies, causes brief, high-amplitude
pulses of current to flow from the power line, rather than
a sinusoidal current in phase with the line voltage. Such
supplies present a power factor to the line of less than
one (i.e., they cause significant current harmonics of the
power line frequency to appear at the input). If the input
current drawn by such a supply (or any nonlinear load)
can be made to follow the input voltage in instantaneous
amplitude, it appears resistive to the supply.

To hold the input current draw of a device drawing power
from the AC line in phase with and proportional to the
input voltage, that device must be prevented from load-
ing the line except in proportion to the instantaneous line
voltage. To accomplish this, the PFC section of the
FAN4800 uses a boost mode DC-DC converter. The
input to the converter is the full-wave, rectified, AC line
voltage. No bulk filtering is applied following the bridge
rectifier, so the input voltage to the boost converter
ranges (at twice line the frequency) from zero volts to a
peak value of the AC input and back to zero. By forcing
the boost converter to meet two simultaneous conditions,
it is possible to ensure that the current drawn from the
power line is proportional to the input line voltage.

One of these conditions is that the output voltage of the
boost converter must be set higher than the peak value
of the line voltage. A commonly used value is 385V, to
allow for a high line of 270V rms. The second condition
is that the current drawn from the line at any given
instant must be proportional to the line voltage. Estab-
lishing a suitable voltage control loop for the converter,
which in turn drives a current error amplifier and switch-
ing output driver, satisfies the first of these requirements.
The second requirement is met by using the rectified AC
line voltage to modulate the output of the voltage control
loop. Such modulation causes the current error amplifier
to command a power stage current that varies directly
with the input voltage. To prevent ripple, which necessar-
ily appears at the output of boost circuit (typically about
10Vac on a 385Vpc level), from introducing distortion
back through the voltage error amplifier, the bandwidth of
the voltage loop is deliberately kept low. A final refine-
ment is to adjust the overall gain of the PFC section to be

proportional to 1/V|y2, which linearizes the transfer func-
tion of the system as the AC input voltage.

Since the boost converter in the FAN4800 PFC is current
averaging, no slope compensation is required.

1. PFC Section
1.1 Gain Modulator

Figure 1 shows a block diagram of the PFC section of
the FAN4800. The gain modulator is the heart of the
PFC, as the circuit block controls the response of the
current loop to line voltage waveform and frequency,
RMS line voltage, and PFC output voltages. There are
three inputs to the gain modulator:

1. A current representing the instantaneous input voltage
(amplitude and wave shape) to the PFC. The rectified
AC input sine wave is converted to a proportional cur-
rent via a resistor and is then fed into the gain modula-
tor at Iac. Sampling current in this way minimizes
ground noise, required in high-power, switching-power
conversion environments. The gain modulator
responds linearly to this current.

2. A voltage proportional to the long-term RMS AC line
voltage, derived from the rectified line voltage after
scaling and filtering. This signal is presented to the
gain modulator at Vyys. The output of the gain modu-

lator is inversely proportional to VRMS2 (except at
unusually low values of Vg\s, where special gain con-

touring takes over to limit power dissipation of the cir-
cuit components under heavy brownout conditions).
The relationship between Vrys and gain is called K

and is illustrated in Figure 5.
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3. The output of the voltage error amplifier, Vgpg. The

gain modulator responds linearly to variations in this
voltage.

The output of the gain modulator is a current signal, in
the form of a full wave rectified sinusoid at twice the line
frequency. This current is applied to the virtual ground
(negative) input of the current error amplifier. In this way,
the gain modulator forms the reference for the current
error loop and ultimately controls the instantaneous cur-
rent draw of the PFC from the power line. The general
form of the output of the gain modulator is:

l} V,
IGAINMOD = w x 1V 3)

RMS

More precisely, the output current of the gain modulator
is given by:

Ieammon = K x (Vgag —0.625)x 50 (4)

where K is in units of V1.

Note that the output current of the gain modulator is lim-
ited around 228.57pA and the maximum output voltage
of the gain modulator is limited to 228.57pA x 3.5K =
0.8V.

This 0.8V also determines the maximum input power.
However, Iganmop cannot be measured directly from

Isense- Isense = lcainmop — lorrseT @nd loprser can
only be measured when Vgpo is less than 0.5V and
Icainmonp iS OA. Typical Igppsgt is around 60pA.

1.2 Selecting Rac for Ixc pin

Iac pin is the input of the gain modulator. I5¢ is also a
current mirror input and requires current input. Selecting
a proper resistor Rac provides a good sine wave current

derived from the line voltage and helps program the
maximum input power and minimum input line voltage.

Rac = V)N peak x 7.9K. For example, if the minimum line
voltage is 80Vuc, the Ryc = 80 x 1.414 x 7.9K = 894kQ.

1.3 Current Error Amplifier, IEAO

The current error amplifier’s output controls the PFC duty
cycle to keep the average current through the boost
inductor a linear function of the line voltage. At the invert-
ing input to the current error amplifier, the output current
of the gain modulator is summed with a current, which
results from a negative voltage being impressed upon

the Isense pin.

The negative voltage on Iggysg represents the sum of all
currents flowing in the PFC circuit and is typically derived

from a current sense resistor in series with the negative
terminal of the input bridge rectifier.

The inverting input of the current error amplifier is a vir-
tual ground. Given this fact, and the arrangement of the
duty cycle modulator polarities internal to the PFC, an
increase in positive current from the gain modulator
causes the output stage to increase its duty cycle until
the voltage on Iggnsg IS adequately negative to cancel
this increased current. Similarly, if the gain modulator’s
output decreases, the output duty cycle decreases to
achieve a less negative voltage on the lggysg pin.

1.4 Cycle-By-Cycle Current Limiter and Selecting Rg

As well as being a part of the current feedback loop, the
Isensg Pin is a direct input to the cycle-by-cycle current
limiter for the PFC section. If the input voltage at this pin
is ever less than -1V, the output of the PFC is disabled
until the protection flip-flop is reset by the clock pulse at
the start of the next PFC power cycle.

Rg is the sensing resistor of the PFC boost converter.
During the steady state, line input current x Rg equals
lcainmop X 3.5K.

Since the maximum output voltage of the gain modulator
is lganmop Maximum x 3.5k = 0.8V during the steady
state, Rg X line input current is limited to below 0.8V as
well. Therefore, to choose Rg, use the following equation:

_ 0.8V x Vinpeax (5)
S~ 2xLine Input Power

For example, if the minimum input voltage is 80V, and

the maximum input RMS power is 200Watt,
Rg = (0.8V x 80V x 1.414) / (2 x 200) = 0.226Q.

1.5 PFC OVP

In the FAN4800, the PFC OVP comparator serves to pro-
tect the power circuit from being subjected to excessive
voltages if the load changes suddenly. A resistor divider
from the high-voltage DC output of the PFC is fed to Vgg.
When the voltage on Vg exceeds 2.78V, the PFC output
driver is shut down. The PWM section continues to oper-
ate. The OVP comparator has 280mV of hysteresis and
the PFC does not restart until the voltage at Vgg drops
below 2.50V. V¢ OVP can also serve as a redundant
PFC OVP protection. Ve OVP threshold is 17.9V with
1.5V hysteresis.

SOQUI0D J3]]01U0D NMJ/DAd ua1nDd dn-1/e1s Mo 008YN Y4

© 2005 Fairchild Semiconductor Corporation www.fairchildsemi.com

FAN4800 Rev. 1.0.5 10



Vero lero POWER FACTOR CORRECTOR ﬁd
CcC
PFC OVP V
V.. OVP 7.5V REF
Ve < Vee cc REFERENCE 4@@
15 17.9v 2.78V
0.3V :
Low Power TRI-FFAULT
2.5V Detector < } s o
| 3.5k 05v;:j+
AC —1 R
v PFC OUT
GAIN .
MODULATOR 3.5k PEC CMP PFC 1y S Q 12
R
RAMP1 OSCILLATOR
CLK
FAN4800 Rev.02
Figure 7. PFC Section Block Diagram
1.6 Error Amplifier Compensation The Voltage loop gain(s) is given by:
The PWM loading of the PFC can be modeled as a neg-
ative resistor because an increase in the input voltage to _AVoyr  AVes | AVeso (6)
the PWM causes a decrease in the input current. This AVeao AVour  AVes
response dictates the proper compensation of the two o P 2.5V «GMy x Z¢

transconductance error amplifiers.

Figure 8 shows the types of compensation networks
most commonly used for the voltage and current error

~\/2
VZourpe X AVeao xS xCpc

where:
amplifiers, along with their respective return points. The '
current-loop compensation is returned to Vggr to pro-  Zc: Compensation network for the voltage loop.
duce a soft-start pharacteristic on the PFC_:: As the refer- GMy: Transconductance of Veao.
ence voltage increases from OV, it creates a
differentiated voltage on lgpo, Which prevents the PFC Pin: Average PFC input power.

from immediately demanding a full duty cycle on its
boost converter.

1.7 PFC Voltage Loop

There are two major concerns when compensating the
voltage loop error amplifier (Vgpp); Stability and transient
response. Optimizing interaction between transient
response and stability requires that the error amplifier’s
open-loop crossover frequency half that of the line fre-
qguency, or 23Hz for a 47Hz line (lowest anticipated inter-
national power frequency). The gain vs. input voltage of
the FAN4800's voltage error amplifier (Vgpp) has a spe-
cially shaped non-linearity, so that under steady-state
operating conditions, the transconductance of the error
amplifier is at a local minimum. Rapid perturbation in line
or load conditions causes the input to the voltage error
amplifier (Vgg) to deviate from its 2.5V (nominal) value. If
this happens, the transconductance of the voltage error
amplifier increases significantly, as shown in the Figure
4. This raises the gain-bandwidth product of the voltage
loop, resulting in a much more rapid voltage loop
response to such perturbations than would occur with
conventional linear gain characteristics.

VZOUTDC: PFC boost output voltage (typical designed
value is 380V).

Cpc: PFC boost output capacitor.

1.8 PFC Current Loop

The compensation of the current amplifier (Igap) is simi-
lar to that of the voltage error amplifier (Vgpp) with the
exception of the choice of crossover frequency. The
crossover frequency of the current amplifier should be at
least ten times that of the voltage amplifier to prevent
interaction with the voltage loop. It should also be limited
to less than one sixth of the switching frequency, e.g.,
16.7kHz for a 100kHz switching frequency.

The current loop gain(s) is given by:

— AVISENSE % ADOFF x AIEAO (7)

ADorr

Al EAO A VISENSE

~ Vouroe % Rs «GM, xZ
SxLx2.5V e
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where:
VASH Compensation network for the current loop.
GM;: Transconductance of Igpo.

VouTtpc: PFC boost output voltage (typical designed

value is 380V). The equation uses the worst-
case condition to calculate the Z,.

Rs: Sensing resistor of the boost converter.

2.5V: Amplitude of the PFC leading modulation
ramp.

L: Boost inductor.

A modest degree of gain contouring is applied to the
transfer characteristic of the current error amplifier to
increase its response speed to current-loop perturba-
tions. However, the boost inductor is usually the domi-
nant factor in overall current loop response. Therefore,
this contouring is significantly less marked than that of
the voltage error amplifier. This is illustrated in Figure 8.

ref

e

PFC CMP

FAN4800 Rev.02

Figure 8. Compensation Network Connection for the
Voltage and Current Error Amplifiers

There is an RC filter between Rg and Iggysg pin.
There are two reasons to add a filter at the Iggysg pin:

1) Protection: During start-up or in-rush current condi-
tions, there is a large voltage across Rg, which is the

sensing resistor of the PFC boost converter. It
requires the Iggnsg filter to attenuate the energy.

2) To reduce L, the boost inductor: The Iggnsg filter also
can reduce the boost inductor value since the Isgnsg
filter behaves like an integrator before the Iggnsg pin,

which is the input of the current error amplifier, Igpo.

The Igensg filter is an RC filter. The resistor value of
the Isensk filter is between 100Q2 and 50Q because |gpg.
seT X Rg can generate an offset voltage of Igpo.

Selecting an Rg Ter €qual to 50Q keeps the offset of the
Iepo less than 5mV. Design the pole of Isgnsg filter at
foic/6, one sixth of the PFC switching frequency, so the

boost inductor can be reduced six times without disturb-
ing the stability. The capacitor of the Iggnsg filter, Cgyp .

TER: IS approximately 283nF.

VBIAS
RBIAS

VCC
0.22uF | 15V
| Ceramic | , Zener

FAN4800 T

GND

1 L 1

FAN4800 Rev.03

Figure 9. External Component Connection to V¢

1.9 Oscillator (RAMP1)

The oscillator frequency is determined by the values of
Rt and Cy, which determine the ramp and off-time of the
oscillator output clock:

1

tramp *+ tpEaD

®)

fosc =

The dead time of the oscillator is derived from the follow-
ing equation:

VREF-1.00] ©)

teamp = Cr xRy x In[VREF 375

at VREF =7.5V and tRAMP = CT X RT x 0.55.

The dead time of the oscillator may be determined using:

2.75V

275V (10)
12.11mA

toeap = xCr =227 xCy

The dead time is so small (tgamp>>tpeap) that the oper-
ating frequency can typically be approximated by:

1

tRA MP

fosc = (11)

© 2005 Fairchild Semiconductor Corporation
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1.10 Example

For the application circuit shown in Figures 12 and 13,
with the oscillator running at:

! (12)
RAMP

fosc = 100kHz =

solving for Ct x Ry yields 1.96 x 104, Cy is 390pF and
Ry is 51.1kQ, selecting standard components values.

The dead time of the oscillator adds to the maximum
PWM duty cycle (it is an input to the duty cycle limiter).
With zero oscillator dead time, the maximum PWM duty
cycle is typically 47%. Take care not to make Cy too
large, which could extend the maximum duty cycle
beyond 50%. This can be accomplished by using no
greater than a 390pF capacitor for Cr.

2. PWM Section
2.1 Pulse Width Modulator (PWM)

The operation of the PWM section of the FAN4800 is
straightforward, but there are several points that should
be noted. Foremost among these is the inherent syn-
chronization of PWM with the PFC section of the device,
from which it also derives its basic timing. The PWM is
capable of current-mode or voltage-mode operation. In
current-mode applications, the PWM ramp (RAMP2) is
usually derived directly from a current sensing resistor or
current transformer in the primary of the output stage. it
is thereby representative of the current flowing in the
converter’s output stage. DC | 1 Which provides cycle-
by-cycle current limiting, is typically connected to
RAMP2 in such applications. For voltage-mode opera-
tion and certain specialized applications, RAMP2 can be
connected to a separate RC timing network to generate
a voltage ramp against which Vpc is compared. Under
these conditions, the use of voltage feed-forward from
the PFC bus can assist in line regulation accuracy and
response. As in current-mode operation, the DC Iyt
input is used for output stage over-current protection.

No voltage error amplifier is included in the PWM stage
of the FAN4800, as this function is generally performed
on the output side of the PWM'’s isolation boundary. To
facilitate the design of opto-coupler feedback circuitry, an
offset has been built into the PWM’s RAMP2 input that
allows Vpc to command a 0% duty cycle for input volt-

ages below typical 0.9V.
2.2 PWM Current Limit

The DC It Pin is a direct input to the cycle-by-cycle
current limiter for the PWM section. Should the input
voltage at this pin ever exceed 1V, the output flip-flop is
reset by the clock pulse at the start of the next PWM
power cycle. When the DC I T triggers the cycle-by-

cycle current, it also softly discharges the voltage of the
soft-start capacitor. It limits the PWM duty cycle mode
and the power dissipation is reduced during the dead-
short condition.

2.3 V)y OK Comparator

The V,y OK comparator monitors the DC output of the
PFC and inhibits the PWM if the voltage on Vgg is less
than its nominal 2.25V. Once the voltage reaches 2.25V,
which corresponds to the PFC output capacitor being
charged to its rated boost voltage, the soft-start begins.

2.4 PWM Control (RAMP2)

When the PWM section is used in current mode, RAMP2
is generally used as the sampling point for a voltage,
representing the current in the primary of the PWM'’s out-
put transformer. The voltage is derived either from a cur-
rent sensing resistor or a current transformer. In voltage
mode, RAMP?2 is the input for a ramp voltage generated
by a second set of timing components (Rrapmp2: Cramp2)
that have a minimum value of OV and a peak value of
approximately 5V. In voltage mode, feed forward from
the PFC output bus is an excellent way to derive the tim-
ing ramp for the PWM stage.

2.5 Soft-Start (SS)

PWM start-up is controlled by selection of the external
capacitor at soft-start. A current source of 20mA supplies
the charging current for the capacitor and start-up of the
PWM begins at 0.9V. Start-up delay can be programmed
by the following equation:

20pA

Cgs =t 13
ss = IpeLay % 0.9V 13)
where Cgg is the required soft-start capacitance and the
tpeLay iS the desired start-up delay.

It is important that the time constant of the PWM soft-
start allows the PFC time to generate sufficient output

power for the PWM section. The PWM start-up delay
should be at least 5ms.

Solving for the minimum value of Cgg:

20uA
Cec =5ms
ss “0.9v

=111nF (14)

Use caution when using this minimum soft-start capaci-
tance value because it can cause premature charging of
the SS capacitor and activation of the PWM section if
Vg is in the hysteresis band of the V| OK comparator
at start-up. The magnitude of Vgg at start-up is related
both to line voltage and nominal PFC output voltage.
Typically, a 1.0pF soft-start capacitor allows time for Vgg
and PFCgyt to reach their nominal values prior to acti-
vation of the PWM section at line voltages between
90Vrms and 265Vrms.
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2.6 Generating Ve

After turning on the FAN4800 at 13V, the operating volt-
age can vary from 10V to 17.9V. The threshold voltage of
the Vo OVP comparator is 17.9V and its hysteresis is
1.5V. When V¢ reaches 17.9V, PFC OUT is LOW, and
the PWM section is not disturbed. There are two ways to
generate Vc: use auxiliary power supply around 15V or
use bootstrap winding to self-bias the FAN4800 system.
The bootstrap winding can be either taped from the PFC
boost choke or from the transformer of the DC-to-DC
stage.

The ratio of the bootstrap’s winding transformer should
be set between 18V and 15V. A filter network is recom-
mended between V¢ (pin 13) and bootstrap winding.

The resistor of the filter can be set as:

Renrer xlvee = 2V, (15)
lyce = lop*(Qprcrer +*Qowmrer ) % fswlop

=2.5A (typ.)

If Vcc goes beyond 17.9V, the PFC gate (pin 12) drive
goes LOW and the PWM gate drive (pin 11) remains
working. The resistor’s value must be chosen to meet
the operating current requirement of the FAN4800 itself
(5mA, maximum) in addition to the current required by
the two gate driver outputs.

2.7 Example

To obtain a desired Vgjag Voltage of 18V, a V¢ of 15V,
and the FAN4800 driving a total gate charge of 90nC at
100kHz (e.g. one IRF840 MOSFET and two IRF820
MOSFET), the gate driver current required is:

lsateprive = 100kHz x 90nC = 9mA (16)
Vaias —V
Rens = BIIAS cc a7)
cc +1s
18V 15V
"~ 5mA+9mA
Choose Rgy,g = 2140 (18)

Bypass the FAN4800 locally with a 1.0uF ceramic capac-
itor. In most applications, an electrolytic capacitor of
between 47uF and 220uF is also required across the
part both for filtering and as a part of the start-up boot-
strap circuitry.

2.8 Leading/Trailing Modulation

Conventional PWM techniques employ trailing-edge
modulation, in which the switch turns on right after the
trailing edge of the system clock. The error amplifier out-
put is then compared with the modulating ramp up. The
effective duty cycle of the trailing edge modulation is
determined during the on-time of the switch. Figure 10
shows a typical trailing-edge control scheme.

In the case of leading-edge modulation, the switch is
turned off exactly at the leading edge of the system
clock. When the modulating ramp reaches the level of
the error amplifier output voltage, the switch is turned on.
The effective duty-cycle of the leading-edge modulation
is determined during off-time of the switch. Figure 11
shows a leading-edge control scheme.

One of the advantages of this control technique is that it
requires only one system clock. Switch 1 (SW1) turns off
and Switch 2 (SW2) turns on at the same instant to mini-
mize the momentary no-load period, thus lowering ripple
voltage generated by the switching action. With such
synchronized switching, the ripple voltage of the first
stage is reduced. Calculation and evaluation have shown
that the 120Hz component of the PFC’s output ripple
voltage can be reduced by as much as 30% using the
leading-edge modulation method.

© 2005 Fairchild Semiconductor Corporation
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Figure 10. Typical Trailing-Edge Control Scheme
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Figure 11. Typical Leading-Edge Control Scheme
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FAN4800 Low Start-Up Current PFC/PWM Controller Combos
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Figure 12. Current-Mode Application
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FAN4800 Low Start-Up Current PFC/PWM Controller Combos
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Figure 13. Voltage-Mode Application
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Package Dimensions
16-Pin DIP

Dimensions are in inches (millimeters) unless otherwise specified.

0.740-0.780 |

(1880-1981)

0.090
g "’(2.285)

0.25040.010
{6.350£0.254)

PIN NO. 1 PIN NO. 1
IDENT IDENT
OPTION 01 OPTION 02 0.065
0.130£0.005
0.15020.005 0.060 4° TYP 0.300 - 0.320 {1.651)
| Gsozzoaz) = e ™ [ oprionaL *‘ (7.620- 5.128) '
0.145 = 0.200 R ; [ \l
(3.683-5.080) § g : }
! [ ] 952 £59 0.008-0.016
| 0d o ! !
0020 J 0°L4° TYP {0203=0.408) """
(0.508) e 9.280 *|
0.125-0.150 0.030£0.015 (7.112)
{3.175-3.810) P (0.762%0.381) MIN
0.014=0.023 0.100£0.010 (0.325+0.040
(0.356 = 0.584) 0.050%0.010 (2.54020.254) 27UTT-0.015 N16E (REV F)
e {1.270£0.254) TP (8.255"_'0%1861)
TYP :

Figure 14. 16-Lead Plastic Dual In-Line Package (DIP)
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Package Dimensions
16-Pin SOIC (Wide)

(Continued)

0.3977-0.4133

Dimensions are in inches (millimeters) unless otherwise specified.

10.10-10.50

JIHAAAAC

LEAD NO 1
IDENTIFICATION n

0.2814-0.2992
F4=7.6 0.3940-0.4130
El 10.00-10.65

0.050
.27

0.0926-0.1043
2.35-2.85

iGBLLL

0.0138-0.0200 0.010
T0350-0.508 F ‘ ¢ | 0.25

/

L\

PLANE L 0014

0.35

SEATING T——— 1 L L T T

© +[co]]
° 0.010-0.029 0.0081-0.0125
450 X oo ’4— ooz TYP ALL LEADS
0.0040-0.0118
\ 0.1-8.3 (
7 _A_ J /L_|
f 0.004
EIL‘ B MAX TYP
ALL LEAD TIPS ALL LEADS
0.0160-0.0500
Sdoorar TYP ALL LEADS

Figure 15. 16-Lead Small Outline Integrated Circuit (SOIC)

W168 (REY F)
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is not intended to be an
exhaustive list of all such trademarks.

ACEx™ GlobalOptoisolator™ OCXPro™ uSerDes™ TinyBuck™
ActiveArray™ GTO™ OPTOLOGIC® SILENT SWITCHER®  TinyLogic®
Bottomless™ HiSeC™ OPTOPLANAR™ SMART START™ TINYOPTO™
Build it Now™ [>c™ PACMAN™ SPM™ TinyPower™
CoolFET™ i-Lo™ POP™ Stealth™ TinyPWM™
CROSSVOLT™ ImpliedDisconnect™ Power247™ SuperFET™ TruTranslation™
DOME™ IntelliMAX™ PowerEdge™ SuperSOT™-3 UHC®
EcoSPARK™ ISOPLANAR™ PowerSaver™ SuperSOT™-6 UltraFET®
E2CMOS™ LittleFET™ PowerTrench® SuperSOT™-8 UniFET™
EnSigna™ MICROCOUPLER™ QFET® SyncFET™ VCX™
FACT® MicroFET™ Qs™ TCM™ Wire™
FACT Quiet Series™ MicroPak™ QT Optoelectronics™ TinyBoost™
FAST® MICROWIRE™ Quiet Series™
FASTr™ MSX™ RapidConfigure™ Across the board. Around the world.™
FPS™ MSXPro™ RapidConnect™ Programmable Active Droop™
FRFET™ OoCX™ ScalarPump™ The Power Franchise®

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS
HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER
ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILD’'S
WORLDWIDE TERMS AND CONDITIONS, SPECIFICALLY THE WARRANTY THEREIN, WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems 2.
which, (a) are intended for surgical implant into the body or
(b) support or sustain life, and (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to

result in a significant injury of the user.

A critical component in any component of a life support,
device, or system whose failure to perform can be
reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification

Product Status

Definition

Advance Information

Formative or In
Design

This datasheet contains the design specifications for product
development. Specifications may change in any manner without
notice.

Preliminary

First Production

This datasheet contains preliminary data; supplementary data will
be published at a later date. Fairchild Semiconductor reserves the
right to make changes at any time without notice to improve design.

No Identification Needed

Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at any time
without notice to improve design.

Obsolete

Not In Production

This datasheet contains specifications on a product that has been
discontinued by Fairchild Semiconductor. The datasheet is printed
for reference information only.
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