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Interleaved Dual BCM PFC
Controllers

FAN9611

Description

The FAN9611 interleaved dual Boundary—Conductione(BCM)
Power-Factor-Correction (PFC) controller operatest
parallel-connected boost power trains 180t of phase. Interleaving
extends the maximum practical power level of the robriechnique
from about 300 W to greater than 800 W. Unlike tlomtinuous
conduction mode (CCM) technique aftased at higher power levels,
BCM offers inherent zero—current switching of tleost diodes, which
permits the use of less expensive diodes withauifisgng efficiency.
Furthermore, the input and output filters can belleméue to ripple
current cancellation and effective doubling of shétching frequency.

The converters operate with variable frequency, wkgca function
of the load and the instantaneous input / outpitdges. The switching
frequency is limited between 16.5 kHz and 525 KHe Pulse Width
Modulators (PWM) implement voltage-mode control hwiinput
voltage feedforward. When configured for PFC agpians, the slow
voltage regulation loop results in constant on-toperation within a
line cycle. This PWM method, combined with the B@igeration of
the boost converters, provides automatic poweofatirrection.

The controller offer bias UVLO of 10 V / 7.5V, inpbrownout,
over—current, open-feedback, output over-voltage] aedundant
latching over—voltage protections. Furthermore,dbeverters’ output
power is limited independently of the input RMS \age.
Synchronization between the power stages is magdaunder all
operating conditions.

Features

e Sync-Lock Interleaving Technology for 180ut—of-Phase
Synchronization Under All Conditions

Automatic Phase Disable at Light Load

Dead-Phase Detect Protection

2.0 A Sink, 1.0 A Source, High—Current Gate Drivers
High Power Factor, Low Total Harmonic Distortion
\oltage-Mode Control with (\)? Feedforward
Closed-Loop Soft-Start with User—-Programmable Sgifirt Time
for Reduced Overshoot

Minimum Restart Frequency to Avoid Audible Noise
Maximum Switching Frequency Clamp

Brownout Protection with Soft Recovery

Non-Latching OVP on FB Pin and Latching Second-Leve
Protection on OVP Pin

Open-Feedback Protection

Power-Limit and Current Protection for Each Phase

Low Startup Current of 8@A Typical

Works with DC and 50 Hz to 400 Hz AC Inputs
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ORDERING INFORMATION

Device Package Shipping T
FAN9611MX | 16-Lead, Small Outline | 2,500 / Tape
Integrated Circuit (SOIC) & Reel
(Pb-Free)

tFor information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specifications
Brochure, BRD8011/D.
1. This device passed wave soldering test by
JESD22A-111.

Applications

100 - 1000 W AC-DC Power Supplies

e | arge Screen LCD-TV, PDP-TV, RP-TV
Power

High—Efficiency Desktop and Server Pawe
Supplies

Networking and Telecom Power Supplies
Solar Micro Inverters

Related Resources
e Evaluation BoardEEBFAN9611 S01U308

Publication Order Number:
FAN9611/D
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Figure 1. Simplified Application Diagram

PACKAGE OUTLINES

zeot [ [ 1] [16] ] cs1
O
zcp2 [ J2] [15] ] cs2
5VB DE ED VDD
MOT [ [4] [13] ] DRV1
AGND [ ]5] [12] ] DRv2
ss[ ]6] [11] ] PGND
comp [_[7] [10] ] vIN

FB[ [8] 9] Jovp

Figure 2. SOIC-16 (Top View)

THERMAL RESISTANCE TABLE

Thermal Resistance

Package Suffix 0;_ (Note 2) 0,5 (Note 3)

16-Lead SOIC M 35°C/W 50 — 120°C/W (Note 4)

2. Typical ®,_is specified from semiconductor junction to lead.

3. Typical ©;, is dependent on the PCB design and operating conditions, such as air flow. The range of values covers a variety of operating
conditions utilizing natural convection with no heatsink on the package.

4. This typical range is an estimate; actual values depend on the application.
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TYPICAL APPLICATION DIAGRAM

VIN

L2a >t
Lo D2
VLINE 2 X Q vour
N MN N L2b "4
L Rzcp2 —
. >RINL - K
-"_ ZTNCN 3 AMA _ww bt
VVV D1
Rzcp1 —
N L Q
L1b L 4
AC IN Y = Sk T Cout
EMI Filter zcpr csifie = <
o
= SRw2 zcp2  csz2|is
Csvs \ >
BiAS <‘R
_| 5VB VDD |14 J SRee2
e QL
S MOT  DRV1 |13\ Iy ©
RINHYSTS RmoT Rc1 -
P | Q2
q AGND  DRV2[12}-AW\ —
Css Rc2 _— <
>
—l ss PGND [11 Rovig
Rcowmp
»-M/y—' COMP VIN |10 1 [
CcompLF | P S < < >
c B ovelo 3 Res1 & Res2 Rovzzi
COMPHF . Cvopy CvpD2 h
! | p ! CINF - - I °
v
Figure 3. Typical Application Diagram
BLOCK DIAGRAM
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Figure 4

. Block Diagram
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PIN DEFINITIONS

FAN9611

PIN CONFIGURATION

zeot [ [ 1] [16] ] cs1
O
zcp2 [ J2] [15] ] cs2
svB [ ]3] 14] ]vop
MOT [ [4] [13] ] DRV1
AGND [ ]5] [12] ] DRv2
ss[ ]6] [11] ] PGND
comp [_[7] [10] ] vIN

FB[ [8] 9] Jovp

Figure 5. Pin Layout (Top-View)

Pin No. Name Description
1 ZCD1 Zero Current Detector for Phase 1 of the interleaved boost power stage.
2 ZCD2 Zero Current Detector for Phase 2 of the interleaved boost power stage.
3 5vB 5V Bias. Bypass pin for the internal supply, which powers all control circuitry on the IC.
4 MOT Maximum On-Time adjust for the individual power stages.
5 AGND Analog Ground. Reference potential for all setup signals.
6 SS Soft-Start Capacitor. Connected to the non—inverting input of the error amplifier.
7 COMP Compensation Network connection to the output of the gy error amplifier
8 FB Feedback pin to sense the converter’s output voltage; inverting input of the error amplifier.
9 OVvP Output Voltage monitor for the independent, second-level, latched OVP protection.
10 VIN Input Voltage monitor for brownout protection and input-voltage feedforward.
11 PGND Power Ground connection.
12 DRV2 Gate Drive Output for Phase 2 of the interleaved boost power stage.
13 DRV1 Gate Drive Output for Phase 1 of the interleaved boost power stage.
14 VDD External Bias Supply for the IC.
15 Cs2 Current Sense Input for Phase 2 of the interleaved boost power stage.
16 Cs1 Current Sense Input for Phase 1 of the interleaved boost power stage.

WWW. onsemi.com
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Min Max Unit
Vpp Supply Voltage to AGND & PGND -0.3 20.0 \Y,
Vaias 5VB Voltage to AGND & PGND -0.3 5.5
Voltage On Input Pins to AGND (Except FB Pin) -0.3 Vgias + 0.3 Y
Voltage On FB Pin (Current Limited) -0.3 Vpp + 0.8 \%
Voltage On Output Pins to PGND (DRV1, DRV2) -0.3 Vpp + 0.3 v
lon, loL Gate Drive Peak Output Current (Transient) - 25 A
Gate Drive Output Current (DC) - 0.05 A
T Lead Soldering Temperature (10 Seconds) - +260 °C
T, Junction Temperature -40 +150 °C
Tstg Storage Temperature -65 +150 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
Vpp Supply Voltage Range 9 12 18 \%
VNS Signal Input Voltage 0 - 5 Y,
Isnk Output Current Sinking (DRV1, DRV2) 15 2.0 - A
Isrc Output Current Sourcing (DRV1, DRV2) 0.8 1.0 - A

LmismatcH | Boost Inductor Mismatch (Note 5) - +5% +10%
Ta Operating Ambient Temperature -40 - +125 °C

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond

the Recommended Operating Ranges limits may affect device reliability.

5. While the recommended maximum inductor mismatch is £10% for optimal current sharing and ripple—current cancellation, there is no
absolute maximum limit. If the mismatch is greater than £10%, current sharing is proportionately worse, requiring over—design of the power
supply. However, the accurate 180° out-of-phase synchronization is still maintained, providing current cancellation, although its
effectiveness is reduced.

WWW. onsemi.com
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ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Vpp = 12V, Tj = -40°C to +125°C. Currents are defined as positive
into the device and negative out of the device.)

Symbol Parameter Conditions | Min | Typ | Max | Unit |
SUPPLY
IstarTUP | Startup Supply Current Vpp =Von—-0.2V - 80 110 A
Ibp Operating Current Output Not Switching - 3.7 5.2 mA
Ibp_DYMm Dynamic Operating Current (Note 6) fsw =50 kHz; C oap =2 nF - 4 6 mA
Von UVLO Start Threshold Vpp Increasing 9.5 10.0 10.5
Vorr UVLO Stop Threshold Voltage Vpp Decreasing 7.0 7.5 8.0
Vhys UVLO Hysteresis Von — Vorr - 25 -
BIAS REGULATOR (Csyg = 0.1 uF)
Vsyvg 5VB Output Voltage Ta =25°C; lLoap =1 mA - 5.0 - \Y
Total Variation Over Line, Load, and 4.8 - 5.2
Temperature
lout_max | Maximum Output Current 5.0 - - mA
ERROR AMPLIFIER
VEa Voltage Reference Tp =25°C 2.95 3.00 3.05 \
Total Variation Over Line, Load, and 291 - 3.075
Temperature
IBiAS Input Bias Current Veg=1V1to3V;|Vss—VEg|£0.1V -0.2 - 0.2 nA
lout_src | Output Source Current Vgs=3V;VEg =29V -13.7 -8 -4 A
louT_sink | Output Sink Current Vsg=3V; Vg =3.1V 4 8 12 uA
VoH Output High Voltage 4.5 4.7 V5VB \Y,
VoL Output Low Voltage Isink < 100 nA 0.0 0.1 0.2 \Y
am Transconductance 50 78 115 umho
PWM
VRampOFsT | PWM Ramp Offset Tp = 25°C 120 195 270 mv
ton,mMIN Minimum On-Time VEg > Vss - - 0 us
MAXIMUM ON-TIME
VmoT Maximum On-Time Voltage R =125 kQ 1.16 1.25 1.30 \%
ton,mAx Maximum On-Time R=125kQ; Vyy=25V; 3.4 5.0 6.6 us
Veowmp > 4.5 V; Tp = 25°C
RESTART TIMER (Each Channel)
| fsw MIN | Minimum Switching Frequency | VEB > VPwWM_OFFSET | 125 16.5 | 20.0 | kHz |
FREQUENCY CLAMP (Each Channel)
| fsw max | Maximum Switching Frequency (Note 6) | | 400 525 | 630 | kHz |
CURRENT SENSE
Ves CS Input Threshold Voltage Limit 0.19 0.21 0.23 \Y,
Ics CS Input Current Vesx=0VtolV -0.2 - 0.2 A
tcs_petay | CS to Output Delay CS Stepped from0Vto 5V - 85 100 ns
ZERO CURRENT DETECTION
Vzep N Input Voltage Threshold (Note 6) Vzcp is Falling -0.1 0 0.1 \%
Vzep H Input High Clamp Voltage Izcp = 0.5mA 0.8 1.0 1.2
Vzep L Input Low Clamp Voltage Izcp =-0.5mA -0.7 -0.5 -0.3
Izcp_src | Source Current Capability (Note 6) - - 1 mA

WWW. onsemi.com
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ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Vpp = 12 V, T; = -40°C to +125°C. Currents are defined as positive
into the device and negative out of the device.) (continued)

Symbol Parameter Conditions | Min | Typ | Max | Unit
ZERO CURRENT DETECTION
Izcp_snk | Sink Current Capability (Note 6) - - 10 mA
tzcp_pLy | Turn—On Delay (Note 6) ZCDx to OUTx - 180 - ns
OUTPUT
IsINK OUTXx Sink Current (Note 6) VouTtx = Vop/2; CLoap = 0.1 uF - 2.0 -
Isource | OUTx Source Current (Note 6) VouTtx = Vop/2; CLoap = 0.1 uF - 1.0 -
tRISE Rise Time CLoap = 1 nF, 10% to 90% - 10 25 ns
teaLL Fall Time CLoap = 1 nF, 90% to 10% - 5 20 ns
Vo uvio | Output Voltage During UVLO Vpp =5V, lgyt = 100 pA - - 1 \Y
Irvs Reverse Current Withstand (Note 6) - 500 - mA
SOFT-START (Csg = 0.1 uF)
Iss_max Maximum Soft-Start Current Vcomp <3.0V -7 -5 -3 nA
Iss_miN Minimum Soft-Start Current (Note 6) Vcowp > 4.5V -0.40 -0.25 -0.10 A
INPUT BROWNOUT PROTECTION
VIN_BO Input Brownout Threshold 0.76 0.925 1.10 \%
I/ INSNK VN Sink Current Vyin>1.1V -0.2 - 0.2 A
Vyiy < 0.8V 1.4 2 25 uA
INPUT-VOLTAGE FEEDFORWARD RANGE
VEF UL V\n Feedforward Upper Limit (Note 6) 3.1 3.7 4.3 Y,
Ver_raTio | VFF_uL/ Vin_so (Note 6) 3.6 4.0 4.3
PHASE MANAGEMENT
Vpu.prop | Phase Dropping Threshold Vcowmp Decreasing, Transition from2to | 0.66 0.73 0.80 \
1 Phase, Ty = 25°C
Vphapp | Phase Adding Threshold Vcowmp Increasing, Transition from 1 to 0.86 0.93 1.00 \Y
2 Phase, Tp = 25°C
OVER-VOLTAGE PROTECTION USING FB PIN — CYCLE-BY-CYC LE (Input)
VovenL Non-Latching OVP Threshold Ta =25°C 3.15 3.25 3.35 \%
(+8% above Vout NoMINAL) DRV1=DRV2=0V
VovenL_Hys | OVP Hysteresis FB Decreasing - 0.24 - \Y
OVER-VOLTAGE PROTECTION USING OVP PIN — LATCHING (Input)
VovpLcn | Latching OVP Threshold (+15%) DRV1=DRV2=0V | 3.36 | 3.50 | 3.65 | Vv

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product

performance may not be indicated by the Electrical Characteristics if operated under different conditions.
6. Not tested in production.
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THEORY OF OPERATION

Boundary Conduction Mode

There are many fundamental differences in CCM and

The boost converter is the most popular topology for BCM operations and the respective designs of the boost

power factorcorrection inAC—to—DC power supplies. This
popularity can be attributed to the continuous trquurent

converter.
The FAN9611 utilizes the boundary conduction mode

waveformprovided by the boost inductor and to the fact that control algorithm. The fundamental concept of this

the boost converter’s input voltage range includésthese

operating mode is that tleductor current starts from zero

fundamental properties make close to unity power factorin each switching period, as shown in the lower waveform

easier to achieve.

Figure 6. Basic PFC Boost Converter

The boost converter can operate in continuous caioduc
mode (CCM) or in boundary conduction mode (BCM).
These two descriptiveames refer to the current flowing in
the energy storage inductor of the boost powerestag

| A

P NN

Inductor Current Waveform In Continuous Conduction Mode

0A
Typical

>t

| 4

>t

0A
Typical Inductor Current Waveform In Boundary Conduction Mode

Figure 7. CCM vs. BCM Control

in Figure 7. When the power transistor of the boost/erter

is turned on for a fixed amount of time, the peadkictor
current isproportional to the input voltage. Since the curren
waveformis triangular, the average value in each switching
period is also proportional to the input voltagethe case

of a sinusoidal input voltage waveform, the inpurent of

the converter follows the input voltage waveformhwiery
high accuracy and draws a sinusoidal input cufrem the
source. This behavior makes the boost converter in BCM
operation an ideal candidate for power factor cive.

This mode of control of the boost converter resinta
variable switching frequency. The frequency depends
primarily on the selected output voltage, the inttaeous
value of tha@nput voltage, the boost inductor value, and the
outputpower delivered to the load. The operating frequenc
changes as the input voltage follows the sinusoidal input
voltage waveform. The lowest frequency operation
corresponds tthe peak of the sine waveform at the input of
the boost converter. Even larger frequency vanati&n be
observed athe output power of the converter changes, with
maximum output power resulting in the lowest operating
frequency. Theoretically, under zero-load condition, the
operatingrequency of the boost converter would approach
infinity. In practice, there are natural limits to the highest
switching frequency. One such limiting factor is the
resonance between the boost inductor and the parasitic
capacitances dhe MOSFET, the diode, and the winding of
the choke, in every switching cycle.

Another important characteristic of the BCM boost
converter is the high ripple current of the boost inductor,
which goes from zero to a controlled peak value in every
switchingperiod. Accordingly, th@ower switch is stressed
with high peak current. In addition, the high rigglurrent
must be filtered by an EMI filter to meet high—frequency
noise regulations enforced for equipment connedtirthe
mains. The effects usually limit the practical output power

As the names indicate, the current in Continuous level of the converter.

Conduction Mode (CCM) is continuous in the inductor;
while in Boundary Conduction Mode (BCM), the new
switching period is initiated when the inductor current
returns to zero.

WWW. onsemi.com
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Interleaving frequency ripple present across the output capacitor of the
The FAN9611 control IC is configured to control two converter. The line frequency ripple is the result of the

boost converters connected in parallel, both operated inconstant output power of tmenverter and the fact that the

boundary conduction mode. In this arrangement, the inputinput power is the product of a sinusoidal currantl a

and output voltages of the two parallel converteesthe sinusoidal voltage thus follows a sine square function.

same and each converter is designed to procesEliminating the line frequency component from the

approximately half the total output power. feedback system is imperative to maintain low total
harmonic distortion (THD) in the input current wéwen.
1 The pulse width modulator implements voltage mode

control. Thiscontrol method compares an artificial ramp to
the output of the error amplifier to determine thesired
on-time of the converter's power transistor to achieve
output voltage regulation.

VRAMPL VRAMP2 VcoNTROL

A .\ V.-

- - -

- -

[
D
- g -
'
e

3

= PWM:E. L] L

Figure 8. Interleaved PFC Boost Operation =v P =c-- o Fo===- o
! 'oPWM2 L '

b e

Parallel power processing is penalized by the asmd Figure 9. PWM Operation
number ofpower components, but offers significant benefits
to keep current and thermal stresses under control and to |n FAN9611, therare two PWM sections corresponding
increase the power handling capability of the otherwise to the two parallel power stages. For proper interleaved
limited BCM PFC control solution. Furthermore, the operation, two independent 180-degree out-of-phase
switches of the two boost converters can be operated 18Qamps are needed; which necessitates the two pulse width
degreesut of phase from each other. The control of pairall  modulators. To ensure that the two converters process the
converters operating 180 degrees out of phase is calledame amount of power, the artificial ramps have the same
interleaving. Interleaving provides considerable ripple slope and use the same control signal generatdeetarror
current reduction at the input and output termirtdl¢he amplifier.
power supply, which favorably affects the input Efliter
requirements and reduces the high—-frequency RM®mur ~ Input-Voltage Feedforward
of the power supply output capacitor. Basic voltage—-mode control, as described in theipue

There is an obvious difficulty in interleaving two BCM ~ section, provides satisfactory regulation performance in
boost converters. Since the converter’s operatgwbncy most caseOne important characteristic of the teChnique is
is influenced by component tolerances in the postege ~ that input voltage variation to the converter reesia
and in the controller, thievo converters operat different corrective action from the error amplifier to maintain the
frequencies. Therefore special attention must be paid tooutput at the desired voltage. When the error drephas
ensure that the two converters are locked to 180-degreédequate bandwidth, as in most DC-DC applications, it is
out-of-phas@peration. Consequentisynchronization isa  able tomaintain regulation within a tolerable output vgka
critical function of an interleaved boundary contitbe ~ range during input voltage changes.
mode PFC controller. It is implemented in the FAN9611  On the other hand, when voltage-mode control id irse
using proprietary and dedicated circuitry calleti&ytock power factor corrector applications; the error dfigl

interleaving technology. bandwidth, and its capability to quickly react to input
voltagechanges, is severely limited. In these casesnthe i
Voltage Regulation, Voltage Mode Control voltage variation can cause excessivershoot odroop at

The power supply’s output voltage is regulated by a the converter output as the input voltage goesrupan.
negative feedback loop and a pulse width modulator. The To overcome this shortcoming of the voltage-modévPW
negative feedback is provided by an error amplifier that circuit in PFC applications, input-voltage feedfard is
compares the feedback signal at the inverting input to aoften employed. It can be shown mathematically that
reference voltage connected to the non-inverting input of PWM ramp proportional to the square of the input voltage
the amplifier. Similar to other PFC applications, the error rejects the effect of input voltage variations on the output
amplifier is compensated with high DC gain for aete  voltage and eliminates the need of any correction by the
voltage regulation, but very low bandwidth to siggsrline error amplifier.

WWW. onsemi.com
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A . . At startup condition and in the unlikely case of missing
VravinL L’ ' VrR@ViNH ,* ' VCoNTROL |, zero currentletection, the lack of an oscillator would mean
) ) .
S Vo L, that the converter stops operating. To overcomeethes
. . S e Y V2, situations, a restart timer is employed to kick start the
! ! dt controller and provide the first turn—on commargishown
2 £ in Figure 12.
l/* l’ II
Pt
Zero Current
[ PwMyn L L] | Detect s Q —| >—{1DRV
r=A r=A r=A p— =
1 I.F:V\./'\ﬂv.lN.’HJ | . a4 | RD Q
Figure 10. Input-Voltage Feedforward Restart
Timer

When the PWM ramp is made proportional to the input
voltage squared, the system offers other noteworthy Figure 12. PWM Cycle Start
benefits. The first is the input voltage—independent small

signal gain of the closed loop power supply, which makes Términating the Conduction Interval ,
compensation of the voltage regulation loop much easier.. Terminatingthe conduction period of the boost transistor

The second side benefit is that the output of the error” boundary conduction mode controllers is similar to any
amplifier becomes directly proportional to the inpower other pulse width modulator. During normal .operation, the
of the converter. This phenomenon is very significard it PWM comparator turns off the power transistor when the
is re-visited in sectionLight-Load Operation (Phase 'amp waveform exceeds the control voltage provirjethe

Managementjlescribing light-load operation. error amplifier. In the FAN9611 and in similar
voltage-mode PWMs, the ramp is a linearly rising

Starting a PWM Cycle waveform at one input of the comparator circuit.

The principle of boundary conduction mode calls for a
pulse width modulator able to operate with variable
frequency and initiate a switching period whenever the
current inthe boost inductor reaches zero. Therefore, BCM
controllerscannot utilize dixed frequency oscillator circuit —s Q —|>—C' DRV

to control the operating frequency. Instead, a zero current | current Limit %_

Maximum
On-Time

detector izused to sense the inductor current and turn on the Ro Q
power switch once the current in the boost induetaches
zero. This process is facilitated by an auxiliaipding on PWM
the boost inductor. The voltage waveform of theileary
winding can be used for indirect detection of the zero
inductor current condition of the boost inductor. Therefore Figure 13. Conduction Interval Termination
it should be connected to the zero current detect input, as
shown in Figure 11. In addition to the PWM comparator, the current limit
circuit and a timer circuit limiting the maximum-etme of
L o . > -~ the boost transistor can also terminate the gate grilse of

the controller. These functions provide protectionthe

® power switch against excessive current stress.
to bias
— Protecting the Power Components
H~ - In general, power converters are designed with @ateq
10 7CD margin for reliable operation under all operatingditons.

However, it might be difficult to predict dangerous
conditions under transient or certain fault situations.
. _T_ ¢ — Therefore, the FAN9611 contains dedicated protection

— circuits tomonitor the individual peak currents in the boost

inductors and in the power transistors. Furthermore, the
boost output voltage is sensed by two independent
mechanisms to provide over—voltage protection for the
power transistors, rectifier diodes, and the ougngrgy
storage capacitor of the converter.

Figure 11. Simple Zero-Current Detection Method

The auxiliary winding can also be used to generiatefbr
the PFC controller when an independent bias poumplg
is not present in the system.

WWW. onsemi.com
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Power Limit
The architecture and operating principle of FAN9611 also
provides inherent input power limiting capability.
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Figure 14. On-Time vs. V |N_RMms

When the slope of the PWKImp is mad@roportional to
the square of the input RMS voltage, the maximuntiore-
of the boost power switch becomes inversely propaatito
the square of W rms, as represented in Figure 14. In
boundary-conduction mode, the peak current of twsb
transistor is proportional to its on time. Therefore,
controlling the maximum pulse width of the gate drive
signal according to the curve shown is an effeatiathod
to implement an input-voltage independent powett lian
the boost PFC.

Light-Load Operation (Phase Management)
One of the parameters determining the operating

A

2 .
1_J-4
L1 | |

T T B
0% 13% 18% 50% 100%

# of Phases Operating

Output Power Normalized to PoMAX

Figure 15. Automatic Phase-Control Operation

Brownout Protection with Soft Recovery

An additional protection function usually offeregd BFC
ICs is input brownout protection to prevent the converter
from operating below a user—defined minimum input
voltage level. For this function to work, the inmattage of
the converter is monitored. When the voltage fadlsw the
brownout protection threshold, the converter stepsking.
The output voltage of the boost converter fallsldhé load
stops drawing current from tloaitput capacitor or until the
input voltage gets back to its nominal range aretaion
resumes.

As the output falls, the voltage at the feedback pin falls
proportionally, according to the feedback divider ratio. To
facilitate soft recovery after a brownout condition, the
soft—start capacitor — which is also the referamaltage of
the error amplifier — is pulled lower by the feedba
network. This effectively pre—conditions the error ametifi
to provide closed-loop, soft-start-like behavioridg the

frequency of a boundary conduction mode converter is theconverter’s recovery from a brownout situation. Once the

output power. As the load decreases, lower peakitisrare

inputvoltage goes above the brownout protection threshol

commanded by the pulse width modulator to maintain the the converter resumes normal operation. The outptage

output voltage at the desired set point. Lower prakent
means shorter on-time for the power transistorshuater
time interval to ramp the inductor current backeco at any
given input voltage. As a result, the operating|fiency of
the converter increases under light load condition.

As the operating frequency and corresponding switch
losses increase, conduction losses diminish at thetgame
Therefore, the powdosses of the converter are dominated

rises back to the nominal regulation level following the
slowly rising voltage across the soft—start cajacit

Soft Starting the Converter

During startup, the boost converter peak charges its butpu
capacitor to the peak value of the input voltage waveform.
The final voltage level, where the output is regedaduring
normal operation, is reached after the convertartsst

by switching losses at light load. This phenomenon is SWitching. There are two fundamentally different
especially evident in a BCM converter. approaches used in PWM controllers to control the startup

To improve light-loackfficiency, FAN9611 disables one characteristics of a switched—-mode power supply. Both
of the two interleaved boost converters automagicahen methods use some kind of soft-start mechanism to reduce
the output power falls below approximately 13% loé t the _potential overshoot of th_e converter’s outterethe
maximum power limit level. By managing the number of desired output voltage level is reached. .
phases used at light load, the FAN9611 can maintain high The first method is called open—loop soft-start eiiets
efficiency for a wider load range of the power sypp on gradually increasing the current or power limit of the

Normalinterleaved operation of theo boost converters ~ converter during startup. In this case, the voltage error
resumes automatically once the output power exceeds?MPlifier is typically saturated, commanding maximu
approximately 18% of the maximum power limit level of the Current until the output voltage reaches its fivalue. At
converter. that time, the voltage between the error amplifigruts

By adjusting maximum on-time (using/gT), the phase changes polarity and the amplifier slowly comes out of

management thresholds can be adjusted upward jlaebcr saturation. While the error amplifier recovers aedbre it
in the “Adjusting the Phase—Management ThresHolds Starts controlling the output voltage, the conveofgerates
section of this datasheet. with full power. Thus, output voltage overshoot is

WWW. onsemi.com
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unavoidable irtonverters utilizing the open—loop soft— start  FAN9611 employs closed-loop soft-start where the
scheme. reference voltage of the error amplifier is slowigreased
This method is especially dangerous in power—factor to its final value. When the current and power iinaf the
corrector applications because the error amplfier’ converter are properly taken into consideration, the output
bandwidth is typically limited to a very low crossover voltage ofthe converter follows the reference voltage. This
frequency. The slow response of the amplifier can causeensures that the error amplifier stays in regulation during
considerable overshoot at the output. soft start and the output voltage overshoot caglibénated.

WWW. onsemi.com
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FUNCTIONAL DESCRIPTION

ImoT I

5V Bias Rail (5VB)
This is the bypass capacitor pin for the internsl Bias
rail powering the control circuitry. The recommended Figure 18. Maximum On-Time Control (MOT)
capacitor value is 220 nF. Adast a 100 nFjood—quality,
high—frequency, ceramic capacitor should be platetbse Analog Ground (AGND) and Power Ground (PGND)
proximity to the pin. Analog ground connection (AGND) is the GND for all
The 5 V rail is a switched rail. It is actively held LOW controllogic biased from the 5 V rail. Internally, the AGN
when the FAN9611 is in under-voltage lockout. Once the and PGND pins are tied together by two anti—parditzies
UVLO turn-on threshold is exceeded at the VDD fire, to limit ground bounce difference due to bond wire
5V rail is turned on, providing a sharp edge tlzatloe used  inductances during the switching actions of the high—current
as an indication that the chip is running. Potentially, this gate drive circuits. It is recommended to connégeN® and
behavior can be utilized to control the inrush currenititiig PGND pins together with a short, low-impedanceerac
circuit. the PCB (right under the IC).

Detecting Zero Inductor Current (ZCD1, ZCD2) External , Internal
Each ZCD pin is internallglamped close to 0 V (GND). Components ' Circuits UVLO
Any ce_ipacitanc_e on_the pin i_s ineffective in pr(_in_gjany : signal
delay in ZCD triggering. The internal sense cir¢sid true
differentiator tocatch the valley of the drain waveforms. The 5VB » To VDD
resistor between the auxiliary winding of the baondtictor J_ -
and the ZCD pin is only used for current limitinthe ! To Vrer
maximum source current during zero current detection must )
be limited to 0.5 mA. If the sourcing current is larger than X
0.5 mA, the internal detection circuit is saturated the .
ZCD circuit can be prematurely triggered beforechitag '
the actual ZCD valley threshold. Source and sinlalbgipy
of the pin are about 1 mA and 10 mA, re_spectlvely._The Figure 17. 5 V/ Bias
stronger sinking current capability provides sufficient
margin for the higher sinking current required during the \aximum On-Time Control (MOT)
conduction time of the rectifier diode. Maximumon-time, MOT, (of théoost MOSFET) is set
by a resistor to analog ground (AGND). The FAN9611
External , Intemal implements input-voltage feedforward. The maximum
Components v Cireuts LTO arm 2CD WM on-time is a function of thBMS input voltage. The voltage
' b detector signal on the MOT pin is 1.25 V during operation (constant DC
' 0.310.0v voltage). The maximum on-time of the power MOSFETs
Rzco [ (5 ARM INHIBT] can be approximated by:
2Co * (ready) 24 1
- ZCD Valley — t =R .120-107 . =&— . -
Tw?niﬁ'j ' Detector Szigcnt;lI ON.MAX = “MOT 125 V2o (eq. 2)
. (true differentiator) where Mnsns,pk is the peak of the AC input voltage as
X measured dhe VIN pin (must be divided dowsee the VIN
Positive  Negative pin description.
Clamp Clamp
Figure 16. Zero—Current Detect Circuit Extemal | Internal 5vB 5VB
Components Circuits
The Rycp resistor value can be approximated by: L ey KX _@'RAW’
R _ 1 .E' Naux :
20T 05mA 2 Nggost (eq. 1) Rwor [ R
MOT [ @— X
'

ViNSNS
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PGND isthe reference potential (O V) for the high—current  Furthermore, during brownout condition, the output
gate—drive circuit. Two bypass capacitors should be voltage ofthe converter might fall, which is reflected at the
connectedetween the VDD piand the PGND pin. One is  FB pin. When FB voltage goes 0.5 V below the vadtag
the Vpp energy storage capacitor, which provides bias the SS pin, it starts discharging the soft—staracapr. The
power during startup until the bootstrap power suppmes soft-startcapacitor remains 0.5 V above the FB voltage.
up. The other capacitor shall be a good—qualityammér When the brownout condition is over, the converéurns
bypass capacitor, as close as possible to PGND and VDIXo normal operation gracefully, following the sloamp up
pins tofilter the high peak currents of the gate drivetidts. of the soft—start capacitor at the non—invertinguinof the
The value of the ceramic bypass capacitor is a strongerror amplifier.
function of the gate charge requirement of the power
MOSFETs andts recommended value is betweenFland External
4.7 uF to ensure proper operation. Components

: Internal
: Circuits
' 5VB
Soft-Start (SS) ,
Soft-start igprogrammed with a capacitor between the SS '
pin and AGND. This is the non-inverting input of the :
transconductance (g error amplifier. 6 To Phase /
At startup, the soft—start capacitor is quicklyjearged T ss r-e ¥ >  Gain
to a voltage approximately 0.5 V below the voltage on the

Iss

Control

feedback pin (FB) to minimize startup delay. Thenpeh5 3V gwm Error
current source takes over and charges the soft-star : Amplifier
capacitor slowly, ramping up the voltage reference of the '

error amplifier. By ramping up the reference slowly, the '

voltage regulation loop can stay closed, activelytiolling ' To FB

the output voltage during startup. While the SSacépr is
charging, the output of the error amplifier is ntoréd. In Figure 19. Soft-Start Programming
case the error voltage (COMP) ever exceeds 3.5 V,
indicating that the voltage loop is close to saturation, the
5 uA soft-start current is reduced. Therefore, thé stafrt

is automatically extended to reduce the currenteeédo
charge the output capacitor, reducing the outputepo
during startup. This mechanism is integrated togmethe
voltage loop from saturation. The charge current of the
soft—startcapacitor can be reduced from the initial/%sto

as low as 0.5.A minimum.

In addition to modulating the soft-start currertbithe SS
capacitorthe SS pin is clamped 0.2 V above the FB pin. This
is useful in preventing the SS capacitor from ragraway
from the FB pin and defeating the closed-loop soft-start.
During the zero crossing of the input source wawefdhe

Error Amplifier Compensation (COMP)

COMPpin is the output of the error amplifier. The vgka
loop is compensated by a combination ¢f &d G to
AGND at this pin. The control range of the error amplifier
is between 0.195 V and 4.3 V. When the COMP voltage
below about 0.195 V, the PWM circuit skips pulséisove
4.3 V, the maximum on-time limit terminates the
conduction of the boost switches.

Due to the input-voltage feedforward, the outputhef
error amplifier is proportional to the input power of the
converter, independent of the input voltage. Intagd also
due to the input-voltage feedforward, the maximwawer
capability ofthe converter and the loop gain is independent

input power is almost zero and the output voltage ca@ot o_f th? nput voltarg];e. The contf?ller’s phase- drg\mr.]agement
raised. Therefore the FB voltage stays flat or even decay§!rcu't monitors t € error ampliner output an es to
while the SS voltage keeps rising. This is a problem if single-phaseperation when the COMRltage falls below

closed-loopsoft-start should be maintained. By clamping 0.73 V and returns to two—phase operation wheretre
the SS voltage to the FB pin, this problem can higated voltage exceeds 0.93 V. These thresholds correspond to
' ' about 13% and 18% of the maximum power capabilityesf th

design.
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Internal
Circuits

External
Components

0.73V/0.93V - 1 phase / 2 phases To Phase

7 ’ Control
[ comp -
L =< | ToSS = - N s
< I 7, ain
: j >y To PWMs
‘ : o ’—{ Control }_’
: TG EH gu Error
110 Amplifier — (5 =
Error Amplifier | Buffer
Compensation :
I
Figure 20. Error Amplifier Compensation Circuitry
Output Voltage Feedback (FB) Secondary Output Voltage Sense (OVP)

The feedback pin receives the divided—down output A second-level latching over—voltage protection ban
voltage of the converter. In regulation, the FB ghould be implemented using the OVP pin of the controller. The
3V, which is the reference used at the non—inverting inputthreshold of this circuit is set to 3.5 V. There are two ways
of the error amplifier. Due to thegtype error amplifier, the  to program the secondary OVP.

FB pin is always proportional to the output voltagel can Option 1, ashown in Figure 22, is to connect the OVP pin
be used for over—voltage protection as well. A nateting to the FB pin. In addition to the standard non+Hatg OVP
over-voltagedetection circuit monitors the FB pin and (set at ~8%), this configuration provides a sec@\dP
prevents thdoost MOSFETSs from turning on when the FB protection (set at ~15%), which is latched.

voltage exceeds 3.25 V. Operation resumes automatically In the case where redundant over—voltage protection is
when the FB voltage returns to its nominal 3 V leve preferred (also called double-OVP protection), a second

The open feedback detection circuit is also connected toseparate divider from the output voltage can be used, as
the FB pin. Since the output of the boost convésteharged shown by Option 2 in Figure 22. In this case, the latching
to the peak of the input AC voltage when power is applied OVP protection level can be independently estabtish
to the power supply, the detection circuit monitors the below or above the non-latching OVP threshold, which is
presence ahis voltage. If the FB pin is below 0.5 V, which  based on the feedback voltage (at the FB pin).
would indicate a missing feedback divider (or wreadue If latching OVP protection is not desired at afle tOVP
causing dangerously—high regulation voltage), the pin should be grounded (Option 3).

FAN9611 does not send out gate drive signals to the boost
transistors. External ' Internal

Components ' Circuits

)
)
]
External ' In_tern_al To Phase / '
Components ' Circuits Gain 3 '
, <
: To SS < Control FSB
: 2 ovp
Vour ' +200 mV, gw Error L .§ :3 25V /30V b (non-latched)
' 500 mY, mE 2 5 ' '
' Clamp Amplifier 3 o S
¢ OVP
' VP
' :E Option 2 "5’ O. 35 V—b_ z ; —> (latched)
8 § | Fromuvio —™
FB <

Figure 22. Secondary Over—-Voltage Protection Circu it

Figure 21. Output-Voltage Feedback Circuit
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Input Voltage Sensing (V |n) while the peak detector works properly during light-load
The input AC voltage is sensed at the VIN pin. Triput operation.
voltage is used in two functions: input under-voltage The valid range for the peak of the AC input is between
lockout (brownout protection), and input voltage approximately 0.925 V and 3.7 V. This range is optimized
feedforward in the PWM control circuit. All the fations for universal input voltage range of operationht peak of
requirethe RMS value of theput voltage waveform. Since  the sense voltage remains below the 0.925 V thre:singlut
the RMS value of the AC input voltage is directly under-voltage or brownout condition is declared tred
proportional to its peak, it is sufficient to find the peak FAN9611 stops operating. When th@y\Woltage exceeds
instead of the more complicated and slower method of 3.7 V, the FAN9611 input voltage sense circuit satuiates
integrating the input voltage over a half line cycle. The the feedforward circuit is not able to follow theiut any
internalcircuit of the VIN pin works with peak detection of higher. Consequently, the slope of the PWM rampaiasm
the input AC waveforms. One of the important besedi constant corresponding to theyw= 3.7 V level amplitude
this approach is that the peak indicates the coR&S for any Vjy voltage above 3.7 V.
value even at no load when the HF filter capacitdrairtput The input voltage is measured by a tracking analog-to-
side ofthe boost converter is not discharged around ttee ze digital converter, which keeps the highest valuealp
crossing of the line waveform. Another notable benefit is voltage) of the input voltage waveform. Once a
that during line transients, when the peak excebds measurement is taken, the converter tracks the input for at
previously measured value, the input-voltage feedforward |east 12 ms before a new value is taken. This dmtayres
circuit can react immediately, without waiting farvalid at least one new peak value is captured befoneevevalue
integral value at the end of the half line periedrthermore, is used.
lack of zero crossing detection could fool the gmnégor

]

External + Internal

Components ;  Circuits

)
:

Vinac :
1
' AC Line To PWM
! Zero-Cross R

am
: Detector Generae[or
Vv
mA——f Hoe H —
Sync to |

\ AC Line
)
' Sample &
: 2 uA 0925V Hold
P EE R | > ol R —— AC Line UVLO
, I
. Delay
' Timers
)
X LOGIC
)
1

Figure 23. Input Voltage Sensing Circuit

The measured peak value is then used in the followingfigures provide detail about the input voltage #®ns
half-line cycle while a new measurement is exectadue method of the controller.
used in the next half line cycle. This operation is As shown in the waveforms, input voltage feedfodhiar
synchronized to the zero crossing of the line waveform. instantaneous when the line voltage increases asd half
Since the input voltage measurement is held steady durindine cycle delay when the input voltage decreases.
the line half periods, this technique does not faeg AC increase in input voltage would cause output over voltage
ripple into the control loop. If line zero crossidetection is due to the slow nature of the voltage regulation |Gdyis is
missing, the FAN9611 measures the input voltagevery successfully mitigated by the immediate action of the
32 ms; it can operate from a DC input as well. Tewing input-voltage feedforward circuit.
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AC “RMS value”used
lq—— for feedforward and
protection functions

AC input voltage
waveform sensed
at VIN pin

DC

: 10 ms : forced reset after 32 ms forced reset after 32 ms

Figure 24. Input Voltage Sensing Waveforms

Gate Drive Outputs (DRV1; DRV2) The purpose of the MillerDrive architecture is to speed

High—currentdriver outputs DRV1 and DRV2 have the switching by providing high current during the Miller
capability tosink a minimum of 2 A and source 1 A. Due to plateau region when the gate—drain capacitance of the
the low impedance of these drivers, the 1 A soaueent MOSFET is being charged or discharged as part ®f th
must be actively limited by an external gate resistor. The turn—on /turn—off process.

minimum external gate resistance is: The output pin slew rate is determined ypwWoltage and
Voo the load on the output. It is not user adjustahleifta slower
Reate = T4 (€q. 3) rise or fall time at the MOSFET gate is needederes

To take advantage of the higher sink current céipabf resistor can be added.

the drivers, the gate resistor can be bypassedimathdiode

to facilitate faster turn—off of the power MOSFETSs.
Traditional fast turn—off circuit using a PNP transistor )
instead of aimple bypass diode can be considered as well.

It is also imperative that the inductance of the gate drive e
loop is minimized to avoid excessive ringing. Iftiopum Ii"
layout isnot possible or the controller is placed on a daargh .
card, it is recommended to use an external driweuit 1

p

located near the gate and source terminals of the boost
MOSFET transistors. Small gate charge power MOSFETs
can be driven by a single 1 A gate driver, suchhas

FAN3111C; while higher gate charge devices mightiire |
higher gate drive current capable devices, suclithas —1

Lo
single—2 A AN3100C or the dual-2 A FAN3227C family *— ) ( E)

'_

L

'_

Vour

[T

of drivers.

MillerDrive ™ Gate Drive Technology \_>
FAN9611 output stage incorporates the MillerDrive

architecture shown in Figure 25. It is a combination of

bipolar and MOS devices which are capable of piogid

large currents over a wide range of supply voltagd Figure 25. Current-Sense Protection Circuits

temperature variations. The bipolar devices carry the bulk of

the current as OUT swings between 1/3 to 243 ¥nd the

MOS devices pull the output to the high or low.rail
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Bias Supply (V pp)

This is the main bias source for the FAN9611. The
operating voltage range lietween 8 V and 18 V. Thep¥
voltage is monitored by the under—voltage lockaXI(O)
circuit. At power-up, the ¥p voltage must exceed 10.0 V
(£0.5 V) to enable operation. The FAN9611 stops opegati
when the Wp voltage falls below 7.5 \A0.5 V).See PGND
pin description for important bypass information.

Current-Sense Protection (CS1, CS2)

The FAN9611 uses independent over—current protectio
for each of the power MOSFETs. The current-sense
thresholds athe CS1 and CS2 pins are approximately 0.2 V.
The current measurements are strictly for protection
purposes and are not part of the control algoriffine. pins
can be directly connected to the non—grounded értialeo
current—sense resistors because the W&u@lfilters of the
leading—edge current spike are integrated in the IC

Wp

External ' Internal
Components | Circuits
)
To Boost '
Inductor :
)
)
t !
I— 27 kOhms

15(16) To PWM
CSs1(2) b
Rsns 5 o l 0.2V

Figure 26. Current-Sense Protection Circuits

The time constant of the internal filter is approately:

T =27kQ -5pF = 130 ns

= 1 = 1.2 MHz
2-m-27kQ - 5pF (eq. 4)
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APPLICATION INFORMATION

Synchronization and Timing Functions on the COMP pin is monitored to determine the operating
The FAN9611 employs a sophisticated synchronization power ofthe supply. Therefore the voltage on the SS pin can
sub-system. At the heart of the system is a dual-channebe adjusted lower to achieve the desired lower wiutp
switching—frequencyletector that measures the switching voltage.
period of each channel in every switching cycle mo#s Several possible implementations to adjust the output
their operating phase 180 degrees out of phase from eacholtage of the boost stage at light load are described in the
other. Theslower operating frequency channel is dominant, application notéAN—-8021. It includes the universal output
but there is no master-slave arrangement. Moreaeseéhe  voltage adjust implementation which is modulatedripyt
frequency constantly changes due to the varying inputvoltage to avoid the boost converter becoming a peak

voltage, either channel can be the slower domicizauinel. rectifier at high line and light load.
As opposed to the most common technique, where the

phase relationship between the channels is provided by ' internal

changinghe on-time of one of the MOSFETSs, tieND611 1 Cireuits

controls the phase relationship by inserting a-tamdelay CompP

5VB

before the next switching period starts for thégiaginning 7
phase. Ashown in the literatuf8, the on—time modulation '
technique isot stable under all operating conditions, while ss
the off-time modulation (or delaying the turn—org i
unconditionally stable under all operating conditio ,

gm Error
Amplifier

Restart Timeand Dead—Phase Detect Protection

The restart timer is an integral part of the Sync-Lock
synchronizing circuit. It ensures exact 180-degree
out-of-phase operation in restart timer operafldris is an Figure 27. FAN9611 Error Amplifier Configuration
important safety feature. In the case of a non—-operating
phase due to no ZCD detection, missing gate drive
connection (for example no gate resistor), ondefiower
components failing in an opeircuit, or similar errors, the
otherphase is locked into restart timer operation, prérg
it from trying to deliver full power to the loadhi is called

the dead—phase detect protection. Impl tati tor both the two-level boost and th
The restart timer is set to approximately 16.5 kHz, just . mplementations for bo '€ two—level boost an €
linear boost follower (or tracking boost) are désed in

above the audible frequency range, to avoid any acoustic. "~ .
noise generation. application notéAN-8021

Adjusting the Output Voltage with Input Voltage

In some applications, the output voltage of the BBQst
converter is adjusted based on the input voltage only. This
boost follower implementations increases the efficy of
the downstream DC-DC converter and therefore of the
overall power supply.

Frequency Clamp Adjusting the Phase-Management Thresholds

Justas the restart timer, the frequency clamp is intiegr In any power converter, the switching losses become
into the synchronization and ensures exact 180egegr dominant at light load. For an interleaved converter where
out-of-phaseoperation when the operating frequency is there are two or more phases, light-load efficieray be
limited. This might occur at very light-load operation or improved by shutting down one of the phases at light load
near the zero crossing region of the line voltageeform. ~ (also known as phase-shedding or phase-dropping
Limiting the switching frequency at light load camprove ~ Operating).
efficiency, but has a negatieéfect on power factor since the ~ The initial phase-management thresholds are fixed at
converter also enters true DCM operation. The frequencyapproximately 13% and 18% of the maximum load power

clamp is set to approximately 525 kHz. level. This means when the output power reaches 1886
FAN9611 automatically goes from a two—phase to a
Adjusting the Output Voltage with Load single-phas@peration (phase shed or phase drop). When

Some applications, the output voltage of the PFGbo  the output power comes back up to 18%, the FAN9611
converter is decreased at low power levels to besight  automatically goes from the single- phase to the two—phase
load efficiency of the power supply. operation (phase—add).

Implementing this function with a circuit external to the  The default thresholds can be adjusted upward based on
FAN9611 is straightforward because the error amplifier the application requirement; for example, to medet t
reference (the positive input) is available on the soft-startEnergy STAR 5.0 or the Climate Savers Computing
(SS) pin, as shown in Figure 27. In the FAN9611 efficiency requirementat 20% of the load. The phase drop

architecture, the power of the converter is proportional to thethreshold can be adjusted upward (for example %)%y
voltage orthe COMP pin, minus a small offset. The voltage adjusting the maximum on time.
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FAN9611

a. Pull the SS Pin to GNDI'his method uses the error

Figure 28. Adjusting Phase Management Thresholds

Since the phase management threshold is fixed at 18% an
18% of the maximum power limit level, the actual power
management threshold as a percentage of nominal output
power can be adjusted by the ratio between norpmaker
and maximum power limit level as shown in Figure Pige
second plot shows an example where the maximum power
limit level is 1.4 times of nominal output power. By
adjusting the maximum on-time (using&r), the phase
management thresholds can be adjusted upward.

Phase management is implemented such that the output of
the error amplifier (\omp) does not have to change when
the system toggles between single—phase and twsepha
operations, as shown in Figure 29. The output of the error
amplifier isproportional to the output power of the converter
independently, whether one looth phases are operating in
the power supply. Furthermore, because the maximum
on-time limitis applied independently to each pulse-width
modulator, the power handling capability of the converter
with only one phase running is approximately hdlthe
total output power that can be delivered when Ipbitses

are utilized.

Additional details on adjusting phase management are

provided in the application nofeN-6086

ton
A

T
0.2 073 093

Figure 29.V COMP VS. tONMAX

Disabling the FAN9611

There are four ways to disable the FAN9611. It is
important to understand how the part reacts fovtreus

shutdown procedures.
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amplifier to stop the operation of the power supply
By pulling the SS pin to GND, the error amplifier’s
non-inverting input is pulled to GND. The amplifier
senses that the inverting input (FB pin) is higher than
the reference voltage and tries to adjust its dutpu
(COMP pin) to make the FB pin equal to the
reference athe SS pin. Due to the slow speed of the
voltage loop in PFC applications, this might take
several line cycles. Thui,is important to consider
that bypulling the SS pin to GND, the power supply
is not shut down immediately. Recovery from a shut
down followsnormal soft—start procedure when the
SS pin is released.

. Pull the FB Pin to GNDBY pulling the FB pin below

the open feedback protection threshold of
approximately 0.5 V, the power supply can be shut
down immediately. It is imperative that the FB is
pulled below the threshold very quickly since the
powersupply keeps switching until this threshold is
crossed. If the feedback is pulled LOW softly and
does not cross the threshold, the power supply trie
to deliver maximum power because the FB pin is
forced below the reference voltage of the error
amplifier on the SS pin. Eventually, as FB is palle

to GND, the SS capacitor is pulled LOW by the
internal clamp between the FB and SS pins. The SS
pin stays approximately 0.5 V higher than the FB pin
itself. Therefore, recovery from a shut down state
follows normal soft—start procedure when the FB pin
is released as the voltage across the SS capacitor
starts ramping from a low value.

. Pulling the COMP Pin to GNDWhen the COMP

pin is pulled below the PWM ramp offset,
approximately0.195 V, the EN9611 stops sending
gate drive pulses to the power MOSFETs. This
condition is similar to pulse skipping under no-tloa
condition. Ifany load is still present at the output of
the boost PFC stage, the output voltage decreases.
Consequently, the FB pin decreases and the SS
capacitor voltage is pulled LOW by the internal
clampbetween the FB and SS pins. At that point, the
operation and eventual recovery to normal operation
is similar to the mechanism described above. If the
COMP pin is held LOWor long enough to pull the
SS pin LOW, the recovery follows normal soft—start
procedure when the COMP pin is released. If the SS
capacitor is not pulled LOW as a result of a
momentary pull-down of the COMP pin, the
recovery is still soft due to the fact that a limited
current source is charging the compensation
capacitors at the output of the error amplifier.
Nevertheless, in thisase, output voltage overshoot
can occur before the voltage loop enters closeg-loo
operatiorand resumes controlling the output voltage
again.
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d. Pull the VIN Pin to GNDSince the VIN sense circuit e For best results, make connections to all pins as$ ahdr
is configured to ride through a single line cycle  direct as possible.
dropout test without shutting down the power suppl
thispmethod results in a (?elayed shtftdown o?rir?e Power Ground and Analog Ground
converter. The FAN9611 stops operation ® Power ground (PGND) and analog ground (AGND)
approximately 20 ms to 32 ms after the VIN pinis  Should meet at one point only.
pulled LOW. The delay depends on the phase of the® All the control components should be connected to
line cycle at which the pull-down occurs. This AGND without sharing the trace with PGND.
method triggers the input brownout protection (inpu e The return path for the gate drive current anspV
under-voltage lockout), which gradually discharges  capacitor should be connected to the PGND pin.
the compensation capacitor. As the output voltage ¢ \inimize the ground loops between the driver outputs
decreases, the FB pin falls, pulling LOW the SS (DRV1, DRV2), MOSFETs, and PGND.

capacitor voltage. Similarly to the shutdown, othee e Adding the by-pass capacitor for noise on the VDD pin

VIN pin s released, operation resumes after sévera is recommended. #hould beconnected as close to the pin
milliseconds of delay needed to determine that the as possible ' P

input voltage is above the turn—on threshold. Aste
one line cycle peak must be detected above theGate Drive

turn—on threshold before operation can resumesat th e The gate drive pattern should be wide enough to handle
following line voltage zero—crossing. The converter 1 A peak current.

starts following normal soft-start procedure. e Keep the comoller as close to the MOSFETSs as possible.
Layout and Connection Guidelines This minimizes the length and the loop area (series

For high—power applications, two or more PCB layers are inductapce) of the high—current gate drive trace;. The
recommended to effectively use the ground pattern to 9ate drive pattern should be as short as possible t
minimize the switching noise interference. minimize interference.

The FAN9611 incorporates fast-reacting input circuits, Current Sensing
short propagation delays, and strong output stegeable e Current sensing should be as short as possible.

of delivering current peaks over 1.5 A to facilitate fast To minimize switching noise, current sensing shait
voltage transition times. Many high—speed power circuits make a loop '

can be susceptible to noise injected from their output or _
external sources, possibly causing output re-triggering.Input Voltage Sensing )
These décts can be especially obvious if the circuiested e Since the impedance of voltage divider is large and

in breadboard or non—optimal circuit layouts withd input FAN9611 detects the peak of the line voltage, thé pin

or output leads. The following guidelines are recanded can be sensitive to the switching noise. The trace
for all layout designs, but especially strongly for the  connected to this pin should not cross traces with high
single—layer PCB design@~or example o& 1-layer PCB di/dt to minimize the interference.

design, see the Application Ngt&l-6086) e The noise bypass capacitor fo\should be connected
General as close to the pin as possible.

e Keep high—current output and power ground paths
separate from analog input signals and signal ground
paths.
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QUICK SETUP GUIDE

The FAN9611 cambe configured following the next steps
outlined inthis section. This Quick Setup Guide refers to the

Table 1. (continued)

s ; Description Name Value
schematialiagram and component references of Figure 32. —
It uses the equations derived and explained in Application| NPut Voltage Sense Divider Rint
Note AN-6086 Input Voltage Sense Divider Rinz
In preparation to calculate the setup component values] Brownout Hysteresis Set RINHYST
the power supply specification must be Kknown. [ Gate brive Resistor Re1, Raz
Furthermore, a few power stage co_mponents must _b Gate Drive Speed-Up Diode Dor. Doy
pre—calculatedbefore the controller design begins as their :
values determine the component selections. An Excel| BYPass Capacitor for VDD_HF Cvop1
design tool is also available to ease calculations. Startup Energy Storage for Vpp Cvpp2
Table 1. Current Sense Resistor Rcs1, Res?
Description | Name Value Step 1: Input Voltage Range
From Power Supply Specification: FAN9611 utilizes a single pin (VIN) for input voltage
Minimum AC RMS Input (Tum—on) VinE.On sensing. The \_/IN pin must be above 0.925 \(N(_‘ép) to
Minimum AC RMS Input (Turm—of Vs one enable operation. Th.e converter turns on at a.hlgher VIN
: voltage (Mn on) set independently by the designer. The
Minimum Line Frequency fLiNE MIN input voltage information is used for feedforwardthe
Nominal DC Output Vour control algorithm as well. The input-voltage feaufard
Output Voltage Ripple (2 - fLing) VOUTRIPPLE operates over a four—to—one range from 0.925 \ (¥o)
Latching Output OVP VouTLaTcH t0 3.7 V (Ver_ul), as measured at the VIN pin.
Nominal Output Power (to Load) Pout
Desired Hold-Up Time tHoLD ON
Minimum DC Output (End of tyop) VouTMIN OFF y >
Minimum Switching Frequency fsw.mIn }<—VIN feed forward range _»‘
Maximum DC Bias VDDMAX i i ; >
Pre—Calculated Power Stage Parameters: ViN_go ViN_on (user programmable) Ve _ui
Estimated Conversion Efficiency n Figure 30. VIN Turn—on and Turn—off Thresholds
Maximum Output Power per Channel PMAX.CH At V |y voltages above the 3.7 V upper limit€y/ yy),
Output Capacitance Cour input voltage feedforward is not possible. The inpu
Boost Inductance per Channel L voltage—sense circuitry saturates at this pointthadPWM
Maximum On-Time per Channel toN, MAX ramp is modulated any longer. AboverfVy, the
Turns Ratio (Nsoost / Naux) N converter’s output power becomes a function of the input

Other Variables Used During the Calculations:

Peak Inductor Current ILpk

Maximum DC Output Current (to Load) lo,mAX

Calculated Component Values:

Zero Current Detect Resistor Rzcp1, Rzep2

Bypass Capacitor for 5 V Bias CsvB
Maximum On-Time Set Rmot
Soft-Start Capacitor Css
Compensation Capacitor CcompLE
Compensation Resistor Rcomp
Compensation Capacitor CcoMmPHF
Feedback Divider Rrg1
Feedback Divider Rrg2
Over Voltage Sense Divider Rovi
Over Voltage Sense Divider Rov2

voltage as shown in Figure 31. It can also be expressed
VIN

analytically as:
2
MAX (ﬁ) (eq. 5)

where VIN is the voltage at the VIN pin angi& is the
desired maximum output power of the converter whiih
be maintained constant while the input voltage fizeeard
circuit is operational.

POUTﬁNOfFF =

Pmax

VIN feed forward range—»{
VIN_BO VEE UL
Figure 31. VIN Feedforward Range

As can be seen, the converter’s output power capability
will follow a square function abovep¢ L.
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Vi L1a D1
° Y P— -0 Vout
()
T <
A
L2a D2
O0—ON\_0— oA ¢ p—o _|
EMI c
Vine filter Lc . T
O " L2b Q1 Q2
1= |
A
RCS1% Rcsz%
L L & L 4 O
Rzcoi _l_
NN
Rzcop2
MY
FAN9611

ZCD1 Cs1

0 Vaias
[
S Rin §R0V1 > Reg 1
Rinuyst
NN———{—¢
QCOMF‘,HF
"
L =4 Rinz Rovz Res2
Cvpp1|Cvpp2
A4
Figure 32. Interleaved BCM PFC Schematic Using FAN9 611
Step 2: Estimated Conversion Efficiency A margin of 20% has been added to the nominal autpu

Use the estimated full-logebwer conversion efficiency.  power to cover reference inaccuracy, internal camepb
Typical value for an interleaved BCP PFC converterieén  tolerances, inductance mismatch, and current-sense resistor
0.92 to 0.98ange. The efficiency is in the lower half of the variation to theper—channel power rating.
range for low—power applications. Using state—oé-tart
semiconductorgjood quality ferrite inductors and selecting Step 4: Output Capacitance

lower limit for minimum switching frequency posiély Pour
impacts the efficiency of the system. In general, theev_af Courwipie) = 5 funemn © Vour © VouT RippLE (eq.7)
0.95 can be used unless a more accurate power thisdge
available. 3 2 - Pout * tholp
CoutHoLp) = 5 (eq. 8)
Step 3: Maximum Qutput Power per Channel VA Vour rippLE 2
P out 2 OUT,MIN
ouT
Pumaxcn = 1.2 - 2 (eq. 6)
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The output capacitance must be calculated by two Step 10: Maximum On-Time Setting Resistor
different methods. The first equation determines the Ryor = 4340 - 10°
capacitor valudased on the allowable ripple voltage at the
minimum line frequency. It is important to remember that where R;oT should be between 4@kand 130 K.
the scaled version of this ripple is present aFB@in. The
feedback voltage is continuously monitored by the Step 11: Output Voltage Setting Resistors (Feedback )
non-latching ovevoltage protection circuit. Its threshold is 3V-Vour 3V
about 8% higher the nominal output voltage. To avoid Rez = —F5 — =

triggering the OVP protection during normal operafi ) -~
Vout rippLEShould be limited to less 12% of the nominal where 3V is the reference voltage of the error amplifier at
outpu't voltage, WBu. its non—inverting input anddg or Igg are selected by the

The second expression yields the minimum output designer. lthe power loss associated to the feedback divider
capacitance based on the required hold-up time based on tHé critical to meet stand-by poweconsumption

powersupply specification. Ultimatelyhe larger of the two ~ regulations, it might be beneficial to start the
values satisfies both design requirements and has to bealculation by choosingdg. Otherwise, the current

" tonmax (eq. 15)

Pes Ieg (eq. 16)

selected for guT. feedbacldivider, g should be set to approximately 0.4 mA
at the desired output voltage set point. This value ensures
Step 5: Boost Inductance per Channel that parasitic circuit board and pin capacitancesndt

nV2 o (Vom — 2V e OFF) introduce unwanted filtering effect in the feedbaeith.

LUNEOFF = ” v 5 (eq. 9) If the feedback divider is used to provide stagaper for
SWMIN = TOUT 7 MAX,CH ' the FAN961XseeAN—-6086for implementation details)he
5 following equation is used to calculated3:
. n- VE,,\,E,MAX : (VOUT -2 VLINE,MAX) geq _ elﬁ
LINE,MAX = 2 Tgmmn - Vour * Puax.on (eq. 10) 3V - [v’2 “Vingon — 125V +3-0.7 V)]

The minimum switching frequency can occur eithéhat Reez 0.12mMA - Vgur (eq. 17)
lowest or athe highest input line voltage. Accordingly, two
boost inductor values are calculated and the lowdreofito
inductances must be selected. This L value keeps th
minimum operating frequency abovewivin under all
operating conditions.

where 3V is the reference voltage of the error amplifier at
its non—inverting input; 12.5 V is the controllet®/LO
&urn-on threshold; 0.12 mA is the worst-case gpecturent
required to start operation; and 8.7 V accounts for the
forward voltagedrop of three diodes in series of the startup
current. Once the value ofR» is determined, Rs1 is given

Step 6: Maximum On-Time per Channel -
by the following formula:

2-L- PMAX,CH

tonmax = — \%
' - V2 (eq. 11) _ [ Your _ .
N ViNEOFF Rega 3v 1] Res (eq. 18)
Step 7: Peak Inductor Current per Channel Rrp1 can be implemented as a series combination of two

or three resistors; depending on safety regulations,

=
2.V . .
! LINE,OFF maximum voltage, and or power rating of the selected

| - .
LK L ONMAX (eq.12) resistor type.
Step 8: Maximum DC Output Current Step 12: Soft-Start Capacitor
| _ 2+ Pyax.ch c 5uA - Coyr - (Regq + Reg)
OUT,MAX Vour (eq. 13) ss — 0.3 - loyrmax * Resz (eq. 19)

where SuA is the charge current of the soft—start capacitor
and 0.3 -dyuT max is the maximum output current charging
sops = the output (_:apacitor (_)f the converter during thit-start

N - 0.5mA (eq. 14) process. It is imperative to limit the charge current of the
where 0.5Voyr is the maximum amplitude of the resonant ©OUtput capacitor to be able to maintain closed-loop
waveform across the boost inductor during zero currentSOft-start ofthe converter. The 0.3 factor used in thesC
detection; N is the turns ratio of the boost inductor and the®duation can prevent output over voltage at the end of the
auxiliary winding utilized for the zero current detectiang ~ Soft-startperiod and provides sufficient margin to supply
0.5 mA is the maximum current of the ZCD pin durthg current to the load while the output capacitorhiarging.
zero current detection period.

Step 9: Zero Current Detect Resistors

05 - Vour

Rzcpr = R
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Step 13: Compensation Components Step 15: Input Line Voltage Sense Resistors
v * loutmax Res2 0.925V - VEINE,MAX
CcompLr = 41V - Copr- (2 - fg)? ' Reg; + Regy Rinz = I (eq. 26)
V2 - Vinemin © Pinsns

eq. 20
] ( c.]_ ) where 0.925 V is the brownout protection threshold at the
where 4.1V is the control range of the error ampliied VIN pin. Vi Ne MmN iS the minimum input RMS operating
is the desired voltage loop crossover frequencyisit \gjtage. Its divided down level at the VIN pin cesponds
important toconsider that the lowest output ripple frequency 14 the 0.925 V brownout protection thresholgiNg pax is
limits the voltage loop crossover frequency. In PFC {he maximum input RMS voltage anticipated in the design
applications, that frequency is two times the AC line 4pg Rusnsis the total power dissipation of theyR — Rz

frequenc_y. Therefore, the voltage loop bandwidt, (& divider when the input voltage equalgiVe max . Typical
typically in the 5 Hz to 15 Hz range. _ PinsNs power loss is in the 50 mW to 100 mW range.
To guarantee closed—-loop soft—start operation under all _
conditions, it is recommended that: i V2 - Vinemin 5
IN1 T Ahoocv " RNz
Ceompre < 4 Css (eq. 21) 0.925V (eq. 27)
This relationship is determined by the ratio betwtee Ring can be implemented as a series combination of two

maximum output current of theygerror amplifier to the ~ Or three resistors; depending on safety regulations,
maximum charge current of the soft-start capacitor. Maximum voltage, and or power rating of the selected
Observing this correlation between the two capacitor valuesresistor type.

ensures that the compensation capacitor voltage can be 2V e on Rina

adjusted faster than amgltage change taking place across (W - 0.925 v)

the soft-start capacitor. Therefore, during starthp INLTRIN2

voltage regulation loop’s response to the increasing Rinkyst = 2 uA (eq. 28)
soft-start voltage is not limited by the finite current
capability of the error amplifier.

1

where 0.925 V is the threshold voltage of the line
under-voltagdockout comparator and 2A is the sink

R current provided at the VIN pin during line undewitage

coMP T 5. . ¢ . .22 “ -
27 1o Ceompr (eq.22) (brownout) condition. The sink current, togethethwthe
c B 1 terminating impedance of the VIN pin determines the
COMPHE = 5 2t - fep * Reoup (eq. 23) hysteresis between the turn—on &mech—off thresholds.

where fyrp is the frequency of a pole implemented in the Step 16: Gate Resistors

error amplifier compensation network against high— It is recommended to place at least £igsistor between
frequency noise in the feedback loop. The pole should beeach of the gate drive outputs (DRV1, DRV2) andrthe
placed at leastdecade higher thag fo ensure that it does  corresponding power devices. The gate drive rasistave

not interfere with the phase margin of the voltaggilaion a beneficial effect to limit the current drawn frdhe Vpp

loop at its crossover frequendtyshould also be sufficiently  bypass capacitor during the turn—on of the power MOSFETs
lower then the switching frequency of the convestenoise  and to attenuate any potential oscillation in tagegrive

can be effectively attenuated. circuits.
The recommended4fp frequency is around 120 Hz in VDD
PFC applications. Re1 = Re2 = 7o (eq. 29)
Step 14: Over-Voltage Protection Setting (OVP) wherel.0 A is the recommended peak value of the gate dri
35V VouriateH current.
R e —
ov2 Povp (eq. 24)
where 3.5 V is the threshold voltage of the OVP contpara Re lJ
and Ryyp is the total dissipation of the resistive divider —’\Nv—,
network. Typical Byp power loss is in the 50 mW to
100 mW range. Rcs
R _ VOUT,LATCH 1 R
ovi=\T g5y 7] Towv (eq. 25)

Rov1 can be implemented as a series combination of two —
or three resistors; depending on safety regulations,
maximum voltage, and or power rating of the selected
resistor type.

Figure 33. Recommended Gate Drive Schematic
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A speed-up discharge diotheat feeds switching current

back into the IC is not recommended.

Figure 34. Discharge Diode is Not Recommended

In cases where it is desirable to control the MOSFET
turn—onand turn—off transition times independently, the

circuit of Figure 35 can be used.

15T

Re Don

MN

Rorr

Figure 35. Gate Drive Schematic with Independent

Turn—0On and Turn-Off

The FAN961 sources high peak current to the MOSFET

gate through B and Dpn, where R is used to control the
turn—on transition time. When the MOSFET is comnezhd

to turn off, @rr conducts, shorting the gate to the source,

where the turn—off speed can be controlled by #iaesof
Rorr Where maximum turn— off time is desired, the @alu calculation.
of Ropr can be 0Q. Doy serves the dual purpose of

protecting the @gr base—emitter junction and blocking the
MOSFET discharge current from sinking back throtigh
FAN9611.

In addition to thénigh—speed turn—offanother advantage
of this circuit is that the AN9611 doesot have to sink the
high peak discharge current from the MOSFET, reduciag th
internal power dissipation in the gate drive citlguby a
factor of two. Instead, the current is dischargexlly in a
tighter, more controlled loop, minimizing parasitic trace
inductance while protecting the FAN9611 from injected
disturbances associated with ground bounce and ringing due
to high—-speed turn—off.

Step 17: Current-Sense Resistors

0.18V
cs1 ~ Res2 T

ILpK (eq. 30)

where 0.18 V is the worst—case threshold of the culiraitt
comparator. The size and type of current sense resistors
depends on their power dissipation and manufacturing
considerations.

—
4-v2: VLINE,OFF)

1
- 2
Prest = 1.5 I{px " Rest (g T 9-x-V
out

(eg. 31)

where the 1.5 fzor is used for the worst—case effect of the
current=limitthreshold variation. When the current-sense
resistor is determined, the minimum current-sense
threshold must be used to avoid activating over—current
protection too early as the power supply approaches
full-load condition. The worst—case power dissipation of
the current sense resistor occurs when the cusense
threshold is at its maximum value defined in thiadhaeet.
The ratio between the minimum and maximum thresholds
squared (since the square of the current determines power
dissipation) yields exactly the 1.5 factor used in the
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Voo (V)

IstarTUP (HA)

FAN9611

TYPICAL PERFORMANCE CHARACTERISTICS - SUPPLY
(Typical characteristics are provided at Tp = 25°C and Vpp = 12 V unless otherwise noted.)
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Figure 36. | starTUP VS. TeMperature
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Figure 38. UVLO Thresholds vs. Temperature

125

4.4
4.3
4.2
4.1
4.0
3.9
3.8
3.7
3.6
3.5
3.4

VDD =18V

oo (MA)

VDD =12V

25 0 25 50 75 100 125

Temperature (°C)

-50

Figure 37. Operating Currentvs. Te  mperature
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Figure 39. UVLO Hysteresis vs. Temperature
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FAN9611

TYPICAL PERFORMANCE CHARACTERISTICS - CONTROL
(Typical characteristics are provided at Tp = 25°C and Vpp = 12 V unless otherwise noted.)
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Figure 40. Transfer Function
(Maximum On Time vs. V )
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Figure 44. 5 V Reference vs. Temperature
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Figure 41. Maximum On Time vs. Temperature
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TYPICAL PERFORMANCE CHARACTERISTICS — CONTROL (Continued)
(Typical characteristics are provided at Tp = 25°C and Vpp = 12 V unless otherwise noted.)
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Figure 46. Phase—Control Thresholds vs. Temperature
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Figure 47. Phase—-Dropping Operation

&

Figure 48. Phase  —Adding Operation
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FAN9611

TYPICAL PERFORMANCE CHARACTERISTICS - PROTECTION
(Typical characteristics are provided at Tp = 25°C and Vpp = 12 V unless otherwise noted.)
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Figure 49. CS Threshold vs. Temperature
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Figure 51. Restart Timer Frequency vs.
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Figure 53. Brownout Threshold vs. Temperature
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Figure 50. C S to OUT Delay vs. Temperature
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TYPICAL PERFORMANCE CHARACTERISTICS - PROTECTION (Continued)
(Typical characteristics are provided at Tp = 25°C and Vpp = 12 V unless otherwise noted.)
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Figure 54. Non-Latching OVP vs. Temperature Figure 5
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Figure 56. OVP Hysteresis vs. Temperature
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TYPICAL PERFORMANCE CHARACTERISTICS - OPERATION
(Typical characteristics are provided at Tp = 25°C and Vpp = 12 V unless otherwise noted.)

LeCroy LeCroy

IlLa+ 12
Il + 12
Figure 57. Ripple—Current Cancellation (110 V  ac) Figure 58. Ripple—Current Cancellation (110 V  ac)
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Figure 59. No-Load Startup at 115V ac Figure 60. Full-Load Startup at 115V ac
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Figure 61. Input Voltage Feedforward

NOTE:
7. For full performance operational characteristics at both low line (110 Vac) and high line (220 Vac), as well as at no—load and full-load,
refer to FEB388 Evaluation Board User Guide: 400 W Evaluation Board.
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EVALUATION BOARD

FEB388: 400-W Evaluation Board Using FAN9611

dual baindary-conduction—-mode PFC converter. Haied

Figure 62and Figure 63 show thEhase management with
FEB388 isone of the evaluation boards for an interleaved the default minimum threshold values of the IC. Tbay be

adjusted upwards to achieve a different efficiency profile

at 400 W (400 V/1 A) power. With phase management, (Figure 64 and Figure 65) where phase management
efficiency ismaintained above 96% even down at 10% of the thresholds are adjusted to 30% / 44% of the full IBad full

rated outpupower. The efficiencies for full-load condition

exceed 96% as shown below.

specification, design schematic, bill of materials and test

results; seeFEB388 — FAN9611/12 400-W Evaluation

Board User GuideAN-9717).
Table 2.
Input Voltage Rated Output Power Output Voltage (Rated Current)
V)N Nominal: 85 V~264 Vac 400 W 400V (1 A)
Vpp Supply: 13 V~18 Vpc
FAN9611 Efficiency vs. Load FAN9611 Efficiency vs. Load
(115 Vac Input, 400 Vpc Output, 400 W) (230 Vac Input, 400 Vpc Output, 400 W)
100 100
— .
2 T o
S 95 S 9% P
oy z !
o ) 3
5 —— With Phase Management ) K = With Phase Management
= 90 . - 9 3 i B
=+- Without Phase Management * =+ Without Phase Management
85 85
0O 10 20 30 40 50 60 70 80 90 100 0O 10 20 30 40 50 60 70 80 90 100
Output Power (%) Output Power (%)
Figure 62. Measured Efficiency at 115V ac Figure 63. Measured Efficiency at 230V ac
(Default Thresholds) (Default Thresholds)
FAN9611 Efficiency vs. Load FAN9611 Efficiency vs. Load
(115 Vac Input, 400 Vpc Output, 400 W) (230 V¢ Input, 400 Vpc Output, 400 W)
100 100
T I T 1 - —— + + —
950__” s o = S 951 - P i
S s | 7
> =+ With Phase Management > ’ —— With Phase Management
€ 90 - 2 90|~ —
3 =+ Without Phase Management ;8 ) =+ Without Phase Management
= =
T [
W ogs 85
80 80
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Output Power (%) Output Power (%)

Figure 64. Measured Efficiency at 115V pc
(Adjusted Thresholds)

Figure 65. Measured Efficiency at 230V ac
(Adjusted Thresholds)
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Table 3. RELATED PRODUCTS

Part Number Description PFC Control Number of Pins Comments
FAN6961 Green Mode PFC Single BCM (CRM) 8 Industry Standard Pin—Out with
Green Mode Functions
FAN7527B Boundary Mode PFC Control IC Single BCM (CRM) 8 Industry Standard Pin—Out
FAN7528 Dual Output Critical Conduction Mode | Single BCM (CRM) 8 Low THD for Boost-Follower
PFC Controller Implementation
FAN7529 Critical Conduction Mode PFC Single BCM (CRM) 8 Low THD
Controller
FAN7530 Critical Conduction Mode PFC Single BCM (CRM) 8 Low THD, Alternate Pin—Out of
Controller FAN7529 (Pins 2 and 3 Reversed)
FAN7930 Critical Conduction Mode PFC Single BCM (CRM) 8 PFC Ready pin, Frequency Limit,
Controller AC-Line—Absent Detection,

Soft-Start to Minimize Overshoot,
Integrated THD Optimizer, TSD

FAN9611 Interleaved Dual BCM PFC Controller | Dual BCM (CRM) 16 Dual BCM (CRM), 180 °
Out-of-Phase, 10.0 V UVLO

FAN9612 Interleaved Dual BCM PFC Controller | Dual BCM (CRM) 16 Dual BCM (CRM), 180°
Out-of-Phase, 12.5 V UVLO

RELATED RESOURCES

AN-6086 Design Consideration for Interleaved Boundary @anion Mode (BCM) PFC Using FAN9611/12
AN-9717 onsemi Evaluation Board User Guide FEB388: 400 W EvabraBoard using FAN9611/12
AN-8021 Building Variable Output Voltage Boost PFC Cortees Using FAN9611/12

onsemi 300-W Low Profile Evaluation Board: FEBFAN9611_SBDOA

REFERENCES

1. L. Huber, B. Irving, C. Adragna and M. Jovanoyitimplementation of Open—Loop Control for Intenea
DCM/BCM Boundary Boost PFC Converters”, ProceedioigaPEC '08, pp. 1010-1016.

2. C. Bridge and L. Balogh, “Understanding InterledhBoundary Conduction Mode PFC Converters”, FadddPower
Seminars, 2008-2009.

MillerDrive is trademark of Semiconductor Components Industries, LLC dba “onsemi ” or its affiliates and/or subsidiaries in the United States and/or other
countries.
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MECHANICAL CASE OUTLINE
PACKAGE DIMENSIONS

SOIC-16, 150 mils
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(1) All dimensions are in millimeters. Angles in degrees.
(2) Complies with JEDEC MS-012.
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