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NCP1340

High-Voltage,
Quasi-Resonant, Controller
Featuring Valley Lock=-Out
Switching

The NCP1340 is a highly integrated quasi-resonant flyback
controller suitable for designing high—performance off-line power
converters. With an integrated active X2 capacitor discharge feature,
the NCP1340 can enable no—load power consumption below 30 mW.

The NCP1340 features a proprietary valley—lockout circuitry,
ensuring stable valley switching. This system works down to the 6%
valley and transitions to frequency foldback mode to reduce switching
losses. As the load decreases further, the NCP1340 enters quiet—skip
mode to manage the power delivery while minimizing acoustic noise.

To help ensure converter ruggedness, the NCP1340 implements
several key protective features such as internal brownout detection, a
non—dissipative Over Power Protection (OPP) for constant maximum
output power regardless of input voltage, a latched overvoltage and
NTC-ready overtemperature protection through a dedicated pin, and
line removal detection to safely discharge the X2 capacitors when the
ac line is removed.

If transient load capability is desired, the NCP1341 offers the same
performance and features with the addition of power excursion mode
(PEM).

Features

® Integrated High—Voltage Startup Circuit with Brownout Detection
® Integrated X2 Capacitor Discharge Capability

® Wide Vcc Range from 9 Vto 28 V
[ ]
[ ]

28 V V¢ Overvoltage Protection

Abnormal Overcurrent Fault Protection for Winding Short Circuit or

Saturation Detection

Internal Temperature Shutdown

® Valley Switching Operation with Valley—Lockout for Noise—Free
Operation

® Frequency Foldback with 25 kHz Minimum Frequency Clamp for
Increased Efficiency at Light Loads

® Skip Mode with Quiet—Skip Technology for Highest Performance

During Light Loads

Frequency Jittering for Reduced EMI Signature

Latching or Auto—Recovery Timer—Based Overload Protection
Adjustable Overpower Protection (OPP)

Fixed or Adjustable Maximum Frequency Clamp

Fault Pin for Severe Fault Conditions, NTC Compatible for OTP
4 ms Soft—Start Timer
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Minimized Current Consumption for No Load Power Below 30 mW
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NCP1340

TYPICAL APPLICATION SCHEMATIC
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Figure 1. NCP1340 8-Pin Typical Application Cichit
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Figure 2. NCP1340 9-Pin Typical Application Circuit
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NCP1340

Table 1. ORDERING INFORMATION TABLE

Orderable Part Number Device Marking Package Shippingt
NCP1340A3D1R2G 1340A3 SOIC-9 2500 / Tape & Reel
NCP1340B1DR2G 1340B1 SOIC-8 2500 / Tape & Reel
NCP1340B3D1R2G 1340B3 SOIC-9 2500 / Tape & Reel
NCP1340B4D1R2G 1340B4 SOIC-9 2500 / Tape & Reel
NCP1340B5D1R2G 1340B5 SOIC-9 2500 / Tape & Reel
NCP1340A6DR2G 1340A6 SOIC-8 2500 / Tape & Reel
NCP1340B6DR2G 1340B6 SOIC-8 2500 / Tape & Reel
NCP1340B7D1R2G 1340B7 SOIC-9 2500 / Tape & Reel

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.

Table 2. DEVICE DIFFERENTIATION TABLE

Fault | FMAX OTP/Overload | Frequency Reg Vee [3)

Ordering Code Pins Pin Pin X2 Protection Clamp Pullup OVP Pullup Jitter
NCP1340A3D1R2G 9 Yes Yes Yes Latched Adjustable 400 kQ Yes 100 uA 1.3kHz
NCP1340B1DR2G 8 Yes No Yes Auto-Restart None 400 kQ Yes 100 uA 1.3kHz
NCP1340B3D1R2G 9 Yes Yes Yes Auto-Restart Adjustable 400 kQ Yes 100 uA 1.3kHz
NCP1340B4D1R2G 9 Yes Yes Yes Auto-Restart Adjustable 20 kQ No None 1.3kHz
NCP1340B5D1R2G 9 Yes Yes Yes Auto-Restart Adjustable 20 kQ Yes None None
NCP1340A6DR2G 8 Yes No Yes Latched None 20 kQ Yes None None
NCP1340B6DR2G 8 Yes No Yes Auto-Restart None 20 kQ Yes None None
NCP1340B7D1R2G 9 Yes Yes No Auto-Restart Adjustable 20 kQ Yes None None
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NCP1340

FUNCTIONAL BLOCK DIAGRAM
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Figure 3. NCP1340 Block Diagram

Table 3. PIN FUNCTIONAL DESCRIPTION

8-Pin 9-Pin Pin Name Function

1 1 Fault The controller enters fault mode if the voltage on this pin is pulled above or below the fault
thresholds. A precise pull up current source allows direct interface with an NTC thermistor.

- 2 FMAX A resistor to ground sets the value for the maximum switching frequency clamp. If this pin is
pulled above 4 V, the maximum frequency clamp is disabled.

2 3 FB Feedback input for the QR Flyback controller. Allows direct connection to an optocoupler.

3 4 ZCD/OPP A resistor divider from the auxiliary winding to this pin provides input to the demagnetization de-
tection comparator and sets the OPP compensation level.

4 5 CS Input to the cycle-by-cycle current limit comparator.

5 6 GND Ground reference.

6 7 DRV This is the drive pin of the circuit. The DRV high—current capability (-0.5 /+0.8 A) makes it suit-
able to effectively drive high gate charge power MOSFETSs.

7 8 VCC This pin is the positive supply of the IC. The circuit starts to operate when Vg exceeds 17 V and
turns off when Vg goes below 9 V (typical values). After start-up, the operating range is 9 V up
to 28 V.

- 9 N/C Removed for creepage distance.

8 10 HV This pin is the input for the high voltage startup and brownout detection circuits. It also contains

the line removal detection circuit to safely discharge the X2 capacitors when the line is removed.
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Table 4. MAXIMUM RATINGS

NCP1340

Rating Symbol Value Unit
High Voltage Startup Circuit Input Voltage VHv(MAX) -0.3 to 700 Vv
High Voltage Startup Circuit Input Current IHv(MAX) 20 mA
Supply Input Voltage Veomax) -0.3t0 30 Vv
Supply Input Current (Note 1) lccmax) 30 mA
Supply Input Voltage Slew Rate dVgc/dt 1 V/us
Fault Input Voltage VEaul(MAX) -0.3to Vg + 0.7V \
Fault Input Current IFauIt(MAX) 10 mA
Zero Current Detection and OPP Input Voltage Vzcp(Max) -0.3to Vg + 0.7V Vv
Zero Current Detection and OPP Input Current Izcp(mAx) -2/+5 mA
Maximum Input Voltage (Other Pins) VMAx -0.3t05.5 Vv
Maximum Input Current (Other Pins) IMAX 10 mA
Driver Maximum Voltage (Note 2) VpRv -0.3 to VpRv(high) Vv
Driver Maximum Current IpRV(SRC) 500 mA
IDRV(SNK) 800
Operating Junction Temperature Ty -401to0 125 °C
Storage Temperature Range Tstg —60 to 150 °C
Power Dissipation (T = 25°C, 1 0z. Cu, 42 mm2 Copper Clad Printed Circuit) Ppvax) mw
DR2G Suffix, SOIC-8 450
D1R2G Suffix, SOIC-9 330
Thermal Resistance (Ta = 25°C, 1 0z. Cu, 42 mm? Copper Clad Printed Circuit) RoJa °C/W
DR2G Suffix, SOIC-8 225
D1R2G Suffix, SOIC-9 300
ESD Capability
Human Body Model per JEDEC Standard JESD22-A114F (All pins except HV) 2000 \
Human Body Model per JEDEC Standard JESD22-A114F (HV Pin) 800 Vv
Charge Device Model per JEDEC Standard JESD22-C101F 1000 Vv
Latch-Up Protection per JEDEC Standard JESD78E +100 mA

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.
1. The Vg pin is rated to handle the full transient current of the DRV pin.

2. Maximum driver voltage is limited by the driver clamp voltage, VpRry(igh), When Vcc exceeds the driver clamp voltage. Otherwise, the

maximum driver voltage is V.

www.onsemi.com
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NCP1340

Table 5. ELECTRICAL CHARACTERISTICS: (VCC =12 V, VHV =120 V, VFauIt = open, VFB =24 V, VCS =0 V, VZCD =0 V, VFMAX
=0V, Cycc =100 nF, Cpry = 100 pF, for typical values T = 25°C, for min/max values, T is — 40°C to 125°C, unless otherwise noted)

Characteristics | Conditions Symbol | Min | Typ | Max | Unit |
START-UP AND SUPPLY CIRCUITS
Supply Voltage dV/dt = 0.1 V/ms \
Startup Threshold Vg increasing Vec(on) 16.0 17.0 18.0
Discharge Voltage During Line Removal V¢ decreasing Veeoxa reg) 17.0 18.0 19.0
Minimum Operating Voltage Ve decreasing Veo(off) 8.5 9.0 9.5
Operating Hysteresis Vee(on) = Veo(off) VeeoHYs) 7.5 - -
Internal Latch / Logic Reset Level V¢ decreasing Vec(reset) 4.5 6.5 7.5
Transition from lgtartq 10 lstart2 Vg increasing, Iyy = 650 uA VeG(inhibit) 0.40 0.70 1.05
Vee(off) Delay V¢ decreasing tdelay(VCC_off) 25 32 40 us
Startup Delay Delay from Vg(on) to DRV Enable tgelay(start) - - 500 us
Minimum Voltage for Start-Up Current VHV(MIN) - - 40 \"
Source
Inhibit Current Sourced from Vg Pin Vee=0V Istart1 0.2 0.5 0.65 mA
Start-Up Current Sourced from Vg Pin Vee = Vegon) — 0.5V Istarte 2.4 3.75 5.0 mA
Start-Up Circuit Off-State Leakage Cur- Vyy = 1625V IHv(oft1) - - 15 uA
rent Vhy =325V IHv(off2) - - 20
Vyy =700V IHv(off3) - - 50
Supply Current mA
Fault or Latch Voo = VCC(on) -05V lcct - 0.115 | 0.150
Skip Mode (excluding FB current) VEg=0V lcce - 0.230 | 0.315
Operating Current fsw = 50 kHz, Cpry = open lccs - 1.0 1.5
Vg Overvoltage Protection Threshold Vceovp) 27 28 29 \
V¢ Overvoltage Protection Delay tdelay(vec_ovp) | 25 32 40 us
X2 CAPACITOR DISCHARGE (ALL VERSIONS EXCEPT B7)
Line Voltage Removal Detection Timer tline(removal) 65 100 135 ms
Discharge Timer Duration tine(discharge) 21 32 43 ms
Line Detection Timer Duration tiine(detect) 21 32 43 ms
V¢ Discharge Current Voc=20V Icc(discharge) 13 18 23 mA
HV Discharge Level VHv(discharge) - - 30 \"
BROWNOUT DETECTION
System Start-Up Threshold Vyy increasing VBO(start) 107 112 116
Brownout Threshold Vv decreasing VBO(stop) 93 98 102
Hysteresis Vyy increasing VBO(HYS) 9.0 14 -
Brownout Detection Blanking Time Vv decreasing tBO(stop) 40 70 100 ms
GATE DRIVE
Rise Time VpRy from 10% to 90% tbRv(rise) - 20 40 ns
Fall Time VpRy from 90% to 10% tDRV(fall) - 5 30 ns
Current Capability mA
Source IDRV(SRC) - 500 -
Sink IDRV(SNK) - 800 -
High State Voltage VCC = VCC(Off) + 0.2V, Rpry = 10 kQ VDRV(high1) 8.0 - - \
Vee =30V, Rpry = 10 kQ VDRV(high2) 10 12 14
Low Stage Voltage VEaut =0V VDRV(low) - - 0.25 \%

www.onsemi.com
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NCP1340

Table 5. ELECTRICAL CHARACTERISTICS: (Ve =12V, Vuy =120V, Vgt = open, Veg =2.4 V, Vgg =0V, Vzgp = 0 V, VEpmax
=0V, Cycc =100 nF, Cpry = 100 pF, for typical values T = 25°C, for min/max values, T is — 40°C to 125°C, unless otherwise noted)

Characteristics Conditions Symbol | Min | Typ | Max | Unit |

FEEDBACK

Open Pin Voltage VEB(open) 4.9 5.0 5.1 \"
Versions B5/B6/A6 4.8 5.0 5.1

VEg to Internal Current Setpoint Division Krg - 4 - -

Ratio

Internal Pull-Up Resistor Veg =04V Rrg 350 400 420 kQ
Version B6 17 20 23

Internal Pull-Up Current = 90 100 108 uA
Version B6 - 0 -

Valley Thresholds \
Transition from 15t to 2nd valley Vgg decreasing Vito2 1.316 | 1.400 | 1.484
Transition from 2Md to 3'd valley Vg decreasing Voto3 1.128 | 1.200 | 1.272
Transition from 3'd to 4th valley Vgg decreasing V304 1.034 | 1.100 | 1.166
Transition from 4th to 5t valley Vgg decreasing Vaios 0.940 | 1.000 | 1.060
Transition from 5t to 6t valley Vgg decreasing Vsi06 0.846 | 0.900 | 0.954
Transition from 6th to 5t valley VEg increasing Vstos 1.410 | 1.500 | 1.590
Transition from 5t to 4th valley Vg increasing Vsio4 1.504 | 1.600 | 1.696
Transition from 4th to 3'd valley VEg increasing Vito3 1.598 | 1.700 | 1.802
Transition from 3'd to 2nd valley Vg increasing Vsio2 1.692 | 1.800 | 1.908
Transition from 2nd to 1st valley VEg increasing Voio1 1.880 | 2.000 | 2.120

Maximum Frequency Clamp kHz
Versions A2/B2 fMAX1 100 110 120
Versions A3/B3 Vemax = 0.7V fmaxe 300 360 420
Versions A3/B3 VFMAX =35V fMAXS 60 75 85
Versions B4 Vemax =35V fmaxs 68 75 78

FMAX Secondary Mode Threshold 9-Pin Versions Only VEMAX(mode) 3.85 4.00 415 V

FMAX Pin Source Current IFMAX 9.0 10 11 uA

Maximum On Time ton(MAX) 28 32 40 us

DEMAGNETIZATION INPUT

ZCD threshold voltage Vzcp decreasing VzeDitrig) 35 60 90 mV

ZCD hysteresis Vzcp increasing VzGDHYS) 15 25 55 mV

Demagnetization Propagation Delay Vzcp step from 4.0 Vto -0.3V tdemag - 80 250 ns

ZCD Clamp Voltage \
Positive Clamp IQZCD =5.0mA VZCD(MAX) 12.4 12.7 13
Negative Clamp IOZCD =-2.0mA VZCD(MIN) -0.9 -0.7 0

Blanking Delay After Turn-Off tzcD(blank) 600 700 800 ns

Timeout After Last Demagnetization While in soft—start titoutt) 80 100 120 us

Detection After soft-start complete tout2) 5.1 6.0 6.9

CURRENT SENSE

Current Limit Threshold Voltage Vs increasing ViLim1 0.760 | 0.800 | 0.840 \"

Leading Edge Blanking Duration DRV minimum width minus tLEB1 220 265 330 ns

tdelay(ILIM1)

Current Limit Threshold Propagation Delay Step Vgs 0 Vito Viyumy + 0.5V, tdelay(ILIM1) - 95 175 ns

Vg =4V

PWM Comparator Propagation Delay Step Vgs O0V10 0.7V, Vg =2.4 tdelay(PWM) - 125 175 ns

Minimum Peak Current Freeze Setpoint Vieeze 170 200 230 mV

Abnormal Overcurrent Fault Threshold Vggincreasing, Veg =4 V ViLime 1.125 | 1.200 | 1.275 \"

Abnormal Overcurrent Fault Blanking DRV minimum width minus tLEB2 80 110 140 ns

Duration tdelay(ILIM2)

www.onsemi.com
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NCP1340

Table 5. ELECTRICAL CHARACTERISTICS: (Ve =12V, Vuy =120V, Vgt = open, Veg =2.4 V, Vgg =0V, Vzgp = 0 V, VEpmax
=0V, Cycc =100 nF, Cpry = 100 pF, for typical values T = 25°C, for min/max values, T is — 40°C to 125°C, unless otherwise noted)

Characteristics Conditions Symbol | Min | Typ | Max | Unit |

CURRENT SENSE

Abnormal Overcurrent Fault Propagation Step Vgs 0 Vio Vime + 0.5V, tdelay(LIM2) - 80 175 ns

Delay V=4V

Number of Consecutive Abnormal Overcur- niLIM2 - 4 -

rent Faults to Enter Latch Mode

Overpower Protection Delay Vs dv/dt = 1 V/us, measured from toPp(delay) - 95 175 ns
Voprp(max) to DRV falling edge

Overpower Signal Blanking Delay toPP(blank) 220 280 330 ns

Pull-Up Current Source Vgg=15V Ics 0.7 1.0 1.5 uA

JITTERING (All Except Version B6)

Jitter Frequency fiitter 1.0 1.3 1.6 kHz

Peak Jitter Voltage Added to PWM Viitter 90 100 115 mV

Comparator

FAULT PROTECTION

Soft-Start Period Measured from tSSTART 2.8 4.0 5.0 ms
1St DRV pulse to Vs = ViLimi

Flyback Overload Fault Timer Ves = ViLm1 tovLD 120 160 200 ms

Overvoltage Protection (OVP) Threshold VEault increasing VEault(ovp) 2.79 3.00 3.21 \"

OVP Detection Delay VEault increasing tdelay(OVP) 22.5 30 37.5 us

Overtemperature Protection (OTP) Thresh- VEaulit decreasing VEault(OTP _in) 380 400 420 mV

?ll\ldote 3)

Overtemperature Protection (OTP) Exiting VEault increasing VEault(otp_outy | 874 910 966 mV

Threshold (Note 3) Versions B Only

OTP Detection Delay VEault decreasing tdelay(OTP) 22.5 30 37.5 us

OTP Pull-Up Current Source VEault = VFau(oTp_in) + 0.2 V loTp 425 45.0 48.5 uA

Fault Input Clamp Voltage VEault(clamp) 1.15 1.7 2.25 \

Fault Input Clamp Series Resistor RFautt(clamp) 1.32 1.55 1.78 kQ

Autorecovery Timer trestart 1.8 2.0 2.2 s

LIGHT/NO LOAD MANAGEMENT

Minimum Frequency Clamp fMIN 215 25 27.0 kHz

Dead-Time Added During Frequency Vg = 400 mV toT(MAX) 34 - - us

Foldback

Quiet-Skip Timer tquiet 1.25 - - ms

Skip Threshold Vg decreasing Vskip 350 400 450 mV

Skip Hysteresis VEg increasing Vskip(HYS) 20 50 70 mV

THERMAL PROTECTION

Thermal Shutdown Temperature increasing TsHDN - 140 - °C

Thermal Shutdown Hysteresis Temperature decreasing TSHDN(HYS) - 40 - °C

3. NTC with R110 = 8.8 kQ

www.onsemi.com
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enhancements such as

NCP1340

INTRODUCTION

The NCP1340 implements a quasi-resonant flyback
converter utilizing current—-mode architecture where the
switch—off event is dictated by the peak current. This IC is
an ideal candidate where low parts count and cost
effectiveness are the key parameters, particularly in ac—dc
adapters, open—frame power supplies, etc. The NCP1340
incorporates all the necessary components normally needed
in modern power supply designs, bringing several
non—dissipative overpower
protection (OPP), brownout protection, and frequency
reduction management for optimized efficiency over the
entire power range. Accounting for the needs of extremely
low standby power requirements, the controller features
minimized current consumption and includes an automatic
X2 capacitor discharge circuit that eliminates the need to
install power—consuming resistors across the X2 input
capacitors.

e High—Voltage Start—Up Circuit: Low standby power
consumption cannot be obtained with the classic
resistive start—up circuit. The NCP1340 incorporates a
high—voltage current source to provide the necessary
current during start—up and then turns off during normal
operation.

o Internal Brownout Protection: The ac input voltage is
sensed via the high—voltage pin. When this voltage is
too low, the NCP1340 stops switching. No restart
attempt is made until the ac input voltage is back within
its normal range.

® X2—Capacitor Discharge Circuitry: Per the
IEC60950 standard, the time constant of the X2 input
capacitors and their associated discharge resistors must
be less than 1 s in order to avoid electrical shock when
the user unplugs the power supply and inadvertently
touches the ac input cord terminals. By providing an
automatic means to discharge the X2 capacitors, the
NCP1340 eliminates the need to install X2 discharge
resistors, thus reducing power consumption.
Quasi—Resonant, Current—Mode Operation:
Quasi—Resonant (QR) mode is a highly efficient mode
of operation where the MOSFET turn—on is
synchronized with the point where its drain—source
voltage is at the minimum (valley). A drawback of this
mode of operation is that the operating frequency is
inversely proportional to the system load. The
NCP1340 incorporates a valley lockout (VLO) and
frequency foldback technique to eliminate this
drawback, thus maximizing the efficiency over the
entire power range.

Valley Lockout: In order to limit the maximum
frequency while remaining in QR mode, one would
traditionally use a frequency clamp. Unfortunately, this
can cause the controller to jump back and forth between
two different valleys, which is often undesirable. The

NCP1340 patented VLO circuitry solves this issue by
determining the operating valley based on the system
load, and locking out other valleys unless a significant
change in load occurs.

Frequency Foldback: As the load continues to
decrease, it becomes beneficial to reduce the switching
frequency. When the load is light enough, the NCP1340
enters frequency foldback mode. During this mode, the
peak current is frozen and dead—time is added to the
switching cycle, thus reducing the frequency and
switching operation to discontinuous conduction mode
(DCM). Dead—time continues to be added until skip
mode is reached, or the switching frequency reaches its
minimum level of 25 kHz.

Skip Mode: To further improve light or no—load power
consumption while avoiding audible noise, the
NCP1340 enters skip mode when the operating
frequency reaches its minimum value. foldback isavoid
acoustic noise, the circuit prevents the switching
frequency from decaying below 25 kHz. This allows
regulation via burst of pulses at 25 kHz or greater
instead of operating in the audible range.

Quiet—SKkip: To further reduce acoustic noise, the
NCP1340 incorporates a novel circuit to prevent the
skip mode burst period from entering the audible range
as well.

Internal OPP: In order to limit power delivery at high
line, a scaled version of the negative voltage present on
the auxiliary winding during the on—time is routed to
the ZCD/OPP pin. This provides the designer with a
simple and non—dissipative means to reduce the
maximum power capability as the bulk voltage
increases.

Frequency Jittering: In order to reduce the EMI
signature, a low frequency triangular voltage waveform
is added to the iniput of the PWM comparator. This
helps by spreading out the energy peaks during noise
analysis.

Internal Soft—Start: The NCP1340 includes a 4 ms
soft—start to prevent the main power switch from being
overly stressed during start—up. Soft—start is activated
each time a new startup sequence occurs or during
auto—recovery mode.

Dedicated Fault Input: The NCP1340 includes a
dedicated fault input. It can be used to sense an
overvoltage condition and latch off the controller by
pulling the pin above the overvoltage protection (OVP)
threshold. The controller is also disabled if the Fault pin
is pulled below the overtemperature protection (OTP)
threshold. The OTP threshold is configured for use with
a NTC thermistor.

www.onsemi.com
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NCP1340

® Overload/Short—Circuit Protection: The NCP1340
implements overload protection by limiting the
maximum time duration for operation during overload
conditions. The overload timer operates whenever the
maximum peak current is reached. In addition to this,
special circuitry is included to prevent operation in
CCM during extreme overloads, such as an output
short—circuit.

o Maximum Frequency Clamp: The NCP1340 includes
a maximum frequency clamp. In all versions, the clamp
is available disabled or fixed at 110 kHz. In the 9—pin
versions, the clamp can be adjusted via an external
resistor from the FMAX Pin to ground. It can also be
disabled by pulling the FMAX pin above 4 V.

HIGH VOLTAGE START-UP

The NCP1340 contains a multi—functional high voltage
(HV) pin. While the primary purpose of this pin is to reduce
standby power while maintaining a fast start—up time, it also
incorporates brownout detection and line removal detection.

The HV pin must be connected directly to the ac line in
order for the X2 discharge circuit to function correctly. Line
and neutral should be diode “ORed” before connecting to the
HV pin as shown in Figure 4. The diodes prevent the pin
voltage from going below ground. A resistor in series with
the pin should be used to protect the pin during EMC or surge
testing. A low value resistor should be used (<5 k) to
reduce the voltage offset during start—up.

AC

coN |EMI

A\

Controller

Figure 4. High-Voltage Input Connection

Start-up and Vcc Management

During start—up, the current source turns on and charges
the V¢ capacitor with I (typically 6 mA). When V¢
reaches Vcc(on) (typically 16.0 V), the current source turns
off. If the input voltage is not high enough to ensure a proper
start—up (i.e. Vyy has not reached Vgoystart)), the controller
will not start. Ve then begins to fall because the controller
bias current is at Iccy (typically 1 mA) and the auxiliary
supply voltage is not present. When V¢ falls to Vec(off)
(typically 10.5 V), the current source turns back on and
charges Vcc. This cycle repeats indefinitely until Vgy
reaches VBostarr)- Once this occurs, the current source
immediately turns on and charges V¢ to Vc(on), at which
point the controller starts (see Figure 6).

When Vcc is brought below Vcc(innibit), the start—up
current is reduced to I,y (typically 0.5 mA). This limits
power dissipation on the device in the event that the Voc pin
is shorted to ground. Once V¢ rises back above Vccinnibit)s
the start—up current returns to Igg,po.

Once V¢ reaches Vec(on), the controller is enabled and
the controller bias current increases to Icc3 (typically
2.0 mA). However, the total bias current is greater than this
due to the gate charge of the external switching MOSFET.
The increase in Icc due to the MOSFET is calculated using
Equation 1.

Aloe = fow - Qg - 107 (eq. 1)

where Alcc is the increase in milliamps, fgy, is the switching
frequency in kilohertz and Qg is the gate charge of the
external MOSFET in nanocoulombs.

Cycc must be sized such that a V¢ voltage greater than
Vcc(off) is maintained while the auxiliary supply voltage
increases during start—up. If Cycc is too small, Ve will fall
below Vccoffy and the controller will turn off before the
auxiliary winding supplies the IC. The total Icc current after
the controller is enabled (Icc3 plus Alcc) must be
considered to correctly size Cycc.
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HV & >
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Figure 5. Start-up Circuitry Block Diagram
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Figure 6. Start-up Timing
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DRIVER

The NCP1340 maximum supply voltage, Vccmax), is
28 V. Typical high—voltage MOSFETs have a maximum
gate voltage rating of 20 V. The DRV pin incorporates an
active voltage clamp to limit the gate voltage on the external
MOSFETs. The DRV voltage clamp, Vpry (high) i8 typically
12 V with a maximum limit of 14 V.

REGULATION CONTROL

Peak Current Control

The NCP1340 is a peak current—mode controller, thus the
FB voltage sets the peak current flowing in the transformer
and the MOSFET. This is achieved by sensing the MOSFET
current across a resistor and applying the resulting voltage
ramp to the non—inverting input of the PWM comparator
through the CS pin. The current limit threshold is set by
applying the FB voltage divided by Kpp (typically 4) to the
inverting input of the PWM comparator. When the current
sense voltage ramp exceeds this threshold, the output driver
is turned off, however, the peak current is affected by several
functions (see Figure 7):

||' Ropp

B

ZCD/OPP OPP

|
|
|
|
I'LI
L
: VE B(open)
IF8

RFB -+

74

Kr

Viumi T

The peak current level is clamped during the soft—start
phase. The setpoint is actually limited by a clamp level
ramping from 0 to 0.8 V within 4 ms.

In addition to the PWM comparator, a dedicated
comparator monitors the current sense voltage, and if it
reaches the maximum value, V1 v (typically 800 mV), the
gate driver is turned off and the overload timer is enabled.
This occurs even if the limit imposed by the feedback
voltage is higher than Vi py. Due to the parasitic
capacitances of the MOSFET, a large voltage spike often
appears on the CS Pin at turn—on. To prevent this spike from
falsely triggering the current sense circuit, the current sense
signal is blanked for a short period of time, t; g1 (typically
275 ns), by a leading edge blanking (LEB) circuit. Figure 7
shows the schematic of the current sense circuit.

The peak current is also limitied to a minimum level,
Vireeze (0.2'V, typically). This results in higher efficiency at
light loads by increasing the minimum energy delivered per
switching cycle, while reducing the overall number of
switching cycles during light load.
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Figure 7. Current Sense Logic
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Zero Current Detection

The NCP1340 is a quasi—resonant (QR) flyback
controller. While the power switch turn—off is determined by
the peak current set by the feedback loop, the switch turn—on
is determined by the transformer demagnetization. The
demagnetization is detected by monitoring the transformer
auxiliary winding voltage.

Turning on the power switch once the transformer is
demagnetized has the benefit of reduced switching losses.
Once the transformer is demagnetized, the drain voltage
starts ringing at a frequency determined by the transformer
magnetizing inductance and the drain lump capacitance,
eventually settling at the input voltage. A QR flyback
controller takes advantage of the drain voltage ringing and
turns on the power switch at the drain voltage minimum or
“valley” to reduce switching losses and electromagnetic
interference (EMI).

As shown by Figure 13, a valley is detected once the ZCD
pin voltage falls below the demagnetization threshold,
VzeDitig), typically 55 mV. The controller will either switch
once the valley is detected or increment the valley counter,
depending on the FB voltage.

Overpower Protection

The average bulk capacitor voltage of the QR flyback
varies with the RMS line voltage. Thus, the maximum
power capability at high line can be much higher than
desired. An integrated overpower protection (OPP) circuit
provides a relatively constant output power limit across the
input voltage on the bulk capacitor, Vyyk. Since it is a
high—voltage rail, directly measuring Vypyx will contribute
losses in the sensing network that will greatly impact the
standby power consumption. The NCP1340 OPP circuit
achieves this without the need for a high—voltage sensing
network, and is essentially lossless.

DRV Off

I

VFB[openJ
IFB RrB
y
Krs = FB
Vpp

Ics

ILEB] CS
Vopp
(F= B ZCD/OPP
ViLim1

Figure 8. OPP Circuit Schematic
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Figure 9. Auxiliary Winding Voltage

Since the auxiliary winding voltage during the power
switch on time is a reflection of the input voltage scaled by
the primary to auxiliary winding turns ratio, Np.aoyx (see
Figure 9), OPP is achieved by scaling down reflected
voltage during the on—time and applying it to the ZCD pin
as a negative voltage, Vopp. The voltage is scaled down by
a resistor divider comprised of Roppy and Roppr. The
maximum internal current setpoint (Vcsopp)) is simply the
sum of Vopp and the peak current sense threshold, Vi pv1.-
Figure 8 shows the schematic for the OPP circuit.

The adjusted peak current limit is calculated using
Equation 2. For example, a Vopp of =150 mV results in a
peak current limit of 650 mV in NCP1340.

(eq.2)

To ensure optimal zero—crossing detection, a diode is
needed to bypass Roppy during the off-time. Equation 3 is
used to calculate Roppy and Roppr..

Vesorr) = Vore + Vium

Rzep + Roppy _ _ Np.aux * Vouk — Vorp
RoppL Vorp
Roppy is selected once a value is chosen for Roppr.
RoppL is selected large enough such that enough voltage is
available for the zero—crossing detection during the
off—time. It is recommended to have at least 8 V applied on
the ZCD pin for good detection. The maximum voltage is
internally clamped to Vc. The off-time voltage on the ZCD
Pin is given by Equation 4.

(eq. 3)

R
OPPL
-V -V
zcp t RoppL Vaux = Ve)

Where Vayux is the voltage across the auxiliary winding
and VF is the Dopp forward voltage drop.

Vaop = & (eqt. 4)

The ratio between Rzcp and Rpppp is given by
Equation 5. It is obtained by combining Equations 3 and 4.

Rzcp _ Vaux = Ve~ Vzep
RoppL Vzep
A design example is shown below:
System Parameters:
Vaux = 18V
Ve =06V
Np.aux = 0.18

The ratio between Rzcp and Roppy, is calculated using
Equation 5 for a minimum Vzcp of 8 V.

Ryzp 18V —06V -8V
RoppL 8V

Rzcp is arbitrarily set to 1 kQ. Roppr. is also set to 1 k2
because the ratio between the resistors is close to 1.

The NCP1340 maximum overpower compensation or
peak current setpoint reduction is 31.25% for a Vopp of
—250 mV. We will use this value for the following example:

Substituting values in Equation 3 and solving for Roppy
we obtain:

Rzcp + Roppy _ 0.18 - 370 V — (<0.25 V)
- —0.25V

(eq. 5)

= 1.2kQ

= 271
RoppL

Roppu = 271 - Roppr = Rzep
Roppy = 271 - 1kQ — 1kQ = 270 kQ

For optimum performance over temperature, it is
recommended to keep Roppr, below 3 kQ.
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Soft-Start

Soft—start is achieved by ramping up an internal reference,
VssTART and comparing it to the current sense signal.
VssTtarT ramps up from 0 V once the controller initially
powers up. The peak current setpoint is then limited by the
VssTaRT ramp resulting in a gradual increase of the switch
current during start—up. The soft—start duration, tgSTART; 1S
typically 4 ms.

During startup, demagnetization phases are long and
difficult to detect since the auxiliary winding voltage is very
small. In this condition, the 6 us steady—state timeout is
generally shorter than the inductor demagnetization period.
If it is used to restart a switching cycle, it can cause operation

FB &

\‘rjirler [

@)
w
ﬁ

in CCM for several cycles until the voltage on the ZCD pin
is high enough to prevent the timer from running. Therefore,
a longer timeout period, tyoy¢ (typically 100 us), is used
during soft—start to prevent CCM operation.

Frequency Jittering

In order to help meet stringent EMI requirements, the
NCP1340 features frequency jittering to average the energy
peaks over the EMI frequency range. As shown in Figure 10,
the function consists of summing a 0 to 100 mV, 1.3 kHz
triangular wave (Vjiyer) With the CS signal immediately
before the PWM comparator. This current acts to modulate
the on—time and hence the operation frequency.

Voprp ||
DRV Off

Figure 10. Jitter Implementation

Since the jittering function modulates the peak current
level, the FB signal will attempt to compensate for this effect
in order to limit the output voltage ripple. Therefore, the
bandwidth of the feedback loop must be well below the jitter
frequency, or the jitter function will be filtered by the loop.

Due to the frozen peak current, the effect of the jittering
circuit will not be seen during frequency foldback mode.

Maximum Frequency Clamp

The NCP1340 includes a maximum frequency clamp. In
all versions, the clamp is available disabled or fixed at
110 kHz. In the 9—pin versions, the clamp can be adjusted
via an external resistor from the FMAX Pin to ground. It can
also be disabled by pulling the FMAX pin above 4 V. The
maximum frequency can be programmed using Equation 6,
and is shown in Figure 11.

. 261 kHz*1V (€q.6)
SW(MAX) = * " €a.
MAX) ™ Repax * 10 WA

1000
900 \
800 \
700 \

600 \

500 \

400

300 \

N

200 N

o~
100
0

Fswmax) (kHz)

\

0 50 100 150 200 250 300 350 250
Rrmax (kQ)
Figure 1. FSW(MAX) vs. REmax
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LIGHT LOAD MANAGEMENT

Valley Lockout Operation

The operating frequency of a traditional QR flyback
controller is inversely proportional to the system load. In
other words, a load reduction increases the operating
frequency. A maximum frequency clamp can be useful to
limit the operating frequency range. However, when used by
itself, such an approach often causes instabilities since when
this clamp is active, the controller tends to jump (or hesitate)
between two valleys, thus generating audible noise.

Instead, the NCP1340 also incorporates a patented valley
lockout (VLO) circuitry to eliminate valley jumping. Once

:Gth: Gthi gth 1 3rd 1 2nd

a valley is selected, the controller stays locked in this valley
until the output power changes significantly. This technique
extends the QR mode operation over a wider output power
range while maintaining good efficiency and limiting the
maximum operating frequency.

The operating valley (15t, 2nd, 3rd. 4th - 5th op gthy jg
determined by the FB voltage. An internal counter
increments each time a valley is detected by the ZCD/OPP
Pin. Figure 12 shows a typical frequency characteristic
obtainable at low line in a 65 W application.

1x10°

€' €
alan]

mode

vco |
8x10’

<+—>

6x10°

Fsw (Hz)

4x104

2)(104

Pout (W)

40 60

Figure 12. Valley Lockout Frequency vs. Output Power

€ 9

When an “n” valley is asserted by the valley selection
circuitry, the controller is locked in this valley until the FB
voltage decreases to the lower threshold (“n+1” valley
activates) or increases to the “n valley threshold” + 600 mV

“n—1" valley activates). The regulation loop adjusts the

Table 6. VALLEY FB THRESHOLDS (typical values)

peak current to deliver the necessary output power. Each
valley selection comparator features a 600 mV hysteresis
that helps stabilize operation despite the FB voltage swing
produced by the regulation loop.

FB Falling FB Rising
1t to 2nd valley 1.400 V 2nd to 1st yvalley 2.000 V
2nd to 3rd valley 1.200 V 3rd to 2nd valley 1.800 V
31d to 4th valley 1.100 V 4t to 3rd valley 1.700 V
4th 1o 5t valley 1.000 V 5th to 4t valley 1.600 V
5th to 6! valley 0.900 V 6th to 5t valley 1.500 V

Valley Timeout

In case of extremely damped oscillations, the ZCD
comparator may not be able to detect the valleys. In this
condition, drive pulses will stop while the controller waits
for the next valley or ZCD event. The NCP1340 ensures
continued operation by incorporating a maximum timeout

period after the last demagnetization detection. The timeout
signal acts as a substitute for the ZCD signal to the valley
counter. Figure 13 shows the valley timeout circuit
schematic. The steady state timeout period, tioue2, is set at 6
us (typical) to limit the frequency step.
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During startup, the voltage offset added by the OPP diode,
Dopp, prevents the ZCD Comparator from accurately
detecting the valleys. In this condition, the steady state
timeout period will be shorter than the inductor
demagnetization period causing CCM operation. CCM
operation lasts for a few cycles until the voltage on the ZCD
pin is high enough to detect the valleys. A longer timeout
period, tyout1, (typically 100 us) is set during soft—start to
limit CCM operation.

In VLO operation, the number of timeout periods are
counted instead of valleys when the drain—source voltage

ZCD/OPP & * '??\

oscillations are too damped to be detected. For example, if

the FB voltage sets VLO mode to turn on at the fifth valley,

and the ZCD ringing is damped such that the ZCD circuit is

only able to detect:

® Valleys 1 to 4: the circuit generates a DRV pulse 6 us
(steady—state timeout delay) after the 4th valley
detection.

® Valleys 1 to 3: the timeout delay must run twice, and
the circuit generates a DRV pulse 12 s after the 34
valley detection.

VzCD(trig)

I

orRv —e—d tZCD(blank) | —e

ZCD Logic
Valley (—= QR Logic
Timeout

B

Reset —( \
L d / _)— toutt  |—
Raset
Soft-Start I
Complete
)
Resat
Figure 13. Valley Timeout Circuitry

Frequency Foldback

As the output load decreases (FB voltage decreases), the
valleys are incremented from 1 to 6. When the sixth valley
is reached, if the FB voltage further decreases to 0.8 V, the
peak current setpoint becomes internally frozen to Veeze
(0.2 'V typically), and the controller enters frequency
foldback mode (FF). During this mode, the controller
regulates the power delivery by modulating the switching
frequency.

In frequency foldback mode, the controller reduces the
switching frequency by adding dead—time after the 6%
valley is detected. This dead—time increases as the FB

voltage decreases. There is no discontinuity when the
system transitions from VLO to FF and the frequency
smoothly reduces as FB decreases.

The dead—time circuit is designed to add O us dead—time
when Vpg = 0.8 V and linearly increases the total dead—time
to tpr(Max) (32 us minimum) as Vgg falls down to 0.4 V.
The minimum frequency clamp prevents the switching
frequency from dropping below 25 kHz to eliminate the risk
of audible noise.

Figure 14 summarizes the VLO to FF operation with
respect to the FB voltage.
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Operating Mode

— VFB decreases
FF i
> VFB increases
Valley 6 _|
Valley 5
y \ 4
Valley 4
4 Fault!
Valley 3 +
A
Valley 2
y \
Valley 1
08 09 10 11 12 14 15 16 1.7 18 20 32 Vg

Figure 14. Valley Lockout Thresholds
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Minimum Frequency Clamp and Skip Mode

As mentioned previously, the circuit prevents the
switching frequency from dropping below fyqn (25 kHz
typical). When the switching cycle would be longer than
40 us, the circuit forces a new switching cycle. However, the
fuMin clamp cannot generate a DRV pulse until the
demagnetization is completed. In other words, it will not
cause operation in CCM.

Since the NCP1340 forces a minimum peak current and a
minimum frequency, the power delivery cannot be
continuously controlled down to zero. Instead, the circuit
starts skipping pulses when the FB voltage drops below the
skip level, Vip, and recovers operation when Vgp exceeds
Vskip + Vskip(HYS)- This skip—mode method provides an
efficient method of control during light loads.

Quiet-Skip

To further avoid acoustic noise, the circuit prevents the
burst frequency during skip mode from entering the audible
range by limiting it to a maximum of 800 Hz. This is
achieved via a timer (tquier) that is activated during
Quiet—Skip. The start of the next burst cycle is prevented
until this timer has expired.

As the output power decreases, the switching frequency
decreases. Once it hits 25 kHz, the skip—in threshold is
reached and burst mode is entered — switching stops as soon

as the currnet drive pulses ends — it does not stop
immediately.

Once switching stops, FB will rise. As soon as FB crosses
the skip—exit threshold, drive pulses will resume, but the
controller remains in burst mode. At this point, a 1250 us
(min) timer, tqyjer, i started together with a count-to-3
counter. The next time the FB voltage drops below the
skip—in threshold, drive pulses stop at the end of the current
pulse as long as 3 drive pulses have been counted (if not, they
do not stop until the end of the 3™ pulse). They are not
allowed to start again until the timer expires, even if the
skip—exit threshold is reached first. It is important to note
that the timer will not force the next cycle to begin —i.e. if
the natural skip frequency is such that skip—exit is reached
after the timer expires, the drive pulses will wait for the
skip—exit threshold.

This means that during no—load, there will be a minimum
of 3 drive pulses, and the burst—cycle period will likely be
much longer than 1250 us. This operation helps to improve
efficiency at no—load conditions.

In order to exit burst mode, the FB voltage must rise higher
than 1 V. If this occurs before tquie; expires, the drive pulses
will resume immediately — i.e. the controller won’t wait for
the timer to expire. Figure 15 provides an example of how
Quiet—Skip works.
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MAX Fsw >= 25 kHz
Load
LLLLCLLETEELREEE A EEEE AR EEEEEEE R EEEOREEEREEEA R EEEET O REEEEEAREEELAAAT LR
DRV
1250 us Minimum ; Fsw >= 25 kHz
I AT Y AT
DRV
FB
1250 us Minimum ; Fsw >= 25 kHz
LLLLCEEEETEETEE (LLELECLELTLERELL LI
DRV
FB
1250 us Minimum ; Fsw >= 25 kHz
1111 (1] 1l
DRV
— —_— Y\
o
FB
1250 us Minimum ; Fsw >= 25 kHz
|l [1] |11
DRV
_/—\ /—\—
-
FB
>1250 us Fsw >= 25 kHz
1 |
DR‘;./
MIN
Load ! —
FB

Figure 15. Quiet-Skip Timing Diagram
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FAULT MANAGEMENT
The NCP1340 contains three separate fault modes. external latch input. When the NCP1340 detects a latching
Depending on the type of fault, the device will either latch fault, the driver is immediately disabled. The operation
off, restart when the fault is removed, or resume operation during a latching fault is identical to that of a non—latching
after the auto—recovery timer expires. fault except the controller will not attempt to restart at the

next Vec(on), even if the fault is removed. In order to clear
the latch and resume normal operation, Vcc must first be
allowed to drop below Vcc(reser) Or a line removal event
must be detected. This operation is shown in Figure 16.

Latching Faults
Some faults will cause the NCP1340 to latch off. These
include the abnormal OCP (AOCP), Vcc OVP, and the

A
Fault Fault
. Fault
IS Removed
time
Voo 4
VCC(on) N N N
Ve offy . -
time
FDRV
time
Iy A
Istart 2
Istart(off) o
time

Figure 16. Operation During Latching Fault
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Non-Latching Faults

When the NCP1340 detects a non-latching fault
(brownout or thermal shutdown), the drivers are disabled,
and V¢ falls towards Vcc(off) due to the IC internal current
consumption. Once V¢ reaches Vc(off), the HV current
source turns on and Cycc begins to charge towards Vcc(on).-
When V¢, reaches Vcon), the cycle repeats until the fault
is removed. Once the fault is removed, the NCP1340 is

re—enabled when V¢ reaches Vccon) according to the
initial power—on sequence, provided Vpy is above
VBostart). This operation is shown in Figure 17. When Vyy
is reaches VBostart), Vcc immediately charges to Vecon).
If V¢ is already above Vcon) When the fault is removed,
the controller will start immediately as long as Vyy is above

VBo(start).

A
Fault
Fault Fault
Applied Removed
Waits for next time
Vccon) before
A
Vee starting
VCC(on) H
H
H
Vee (off) -
time
FDRV
: time
v 4
Istart 2
|start(off) _
time

Figure 17. Operation During Non-Latching Fault
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Auto-recovery Timer Faults

Some faults faults cause the NCP1340 auto—recovery
timer to run. If an auto—recovery fault is detected, the gate
drive is disabled and the auto-recovery timer, tyytorec
(typically 1.2 s), starts. While the auto—recovery timer is

running, the HV current source turns on and off to maintain
Ve between Veeoffy and Veeon). Once the auto—recovery
timer expires, the controller will attempt to start normally at
the next Vcc(on) provided Vyy is above Vpostart). This
operation is shown in Figure 18.

Fault Fault
Applied Removed
Fault4 ))
Ve 4 \ : time
VCC(on) 'I i
Vecofy - I
Restarts
AtV cc (on)
(new burst >
cycle if Fault time
DRV still present ) i
Controller
stops
Autorecovery (( time
Timer 4
12s
; < trestart > g time

Figure 18. Operation During Auto—Recovery Fault
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PROTECTION FEATURES

Brownout Protection

A timer is enabled once Vyy drops below its disable
threshold, Vgostop) (typically 99 V). The controller is
disabled if Vyy doesn’t exceed Vpostop) before the
brownout timer, tgg (typically 54 ms), expires. The timer is
set long enough to ignore a two cycle dropout. The timer
starts counting once Vyy drops below Vostop)-

Figure 19 shows the brownout detector waveforms during
a brownout.

When a brownout is detected, the controller stops
switching and enters non-latching fault mode (see
Figure 17). The HV current source alternatively turns on and
off to maintain V¢ between Vecon) and Vecoff) until the
input voltage is back above Vpo(start)-

Vi . :
A /\E j /\ /\ /
Vo (start) I \ I \I \I \I
VBO(stop) .
- |
\ time
; \ Fault
rov_;l_:‘lrgg: Brownout Cleared
detected
| LA A A .
— time
Vee Start's Restarts at
N Charging next V ccon)
Immediately .
VCC(on) i
VCC(off)
tdelay (start)
—» 4—’ .
time
DRV
time

Figure 19. Operation During Brownout

Line Removal Detection and X2 Capacitor Discharge

Safety agency standards require the input filter capacitors
to be discharged once the ac line voltage is removed. A
resistor network is the most common method to meet this
requirement. Unfortunately, the resistor network consumes
power across all operating modes and it is a major
contributor of input power losses during light—load and
no—load conditions.

The NCP1340 eliminates the need for external discharge
resistors by integrating active input filter capacitor

discharge circuitry. A novel approach is used to reconfigure
the high voltage startup circuit to discharge the input filter
capacitors upon removal of the ac line voltage. The line
removal detection circuitry is always active to ensure safety
compliance.

The line removal is detected by digitally sampling the
voltage present at the HV pin, and monitoring the slope.

A timer, Gine(removal) (typically 100 ms), is used to detect
when the slope of the input signal is negative or below the
resolution level. The timer is reset any time a positive slope
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is detected. Once the timer expires, a line removal condition
is acknowledged initiating an X2 capacitor discharge cycle,
and the controller is disabled.

If Ve is above Vc(on), it is first discharged to Vec(on)-
A second timef, tine(discharge) (typically 32 ms), is used for
the time limiting of the discharge phase to protect the device
against overheating. Once the discharge phase is complete,
tline(discharge) 1S reused while the device checks to see if the
line voltage is reapplied. During the discharge phase, if Vcc

drops to Ve (on)s it is quickly recharged to Voe(x2_reg)- The
discharging process is cyclic and continues until the ac line
is detected again or the voltage across the X2 capacitor is
lower than Vyy(dischareey (30 V maximum). This feature
allows the device to discharge large X2 capacitors in the
input line filter to a safe level.

It is important to note that the HV pin cannot be
connected to any dc voltage due to this feature, i.e.
directly to the bulk capacitor.

X2 Capacitor
Discharge

A
VHV

VBostart) ,/ \

X2 Capacitor

Ll AC Line Unplug ‘

VBO(stop)

Discharge

VHV(discharge )

v

time
AC AC
Timer Timer Timer No AC Detection
. Starts Restarts Expires
Timer 4 2
tIine(remova\l) s
tIine (discharge /detect) <

i A - a A . P A . i A . ;

< » o P » - » .
time

tIine(removal )

DRV

tIine(discharge )

tline(detecl) tline(discharge )

X2 Discharge “
Current
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X2 Discharge

v

X2 Discharge time

I start2

ICC A

v
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ICC (discharge )

ICCS 0
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Figure 20. Line Removal Timing
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