NCP1615

High Voltage High
Efficiency Power Factor
Correction Controller

The NCP1615 is a high voltage PFC controller designed to drive ON Semiconductor®
PFC boost stages based on an innovative Currentr@iedl
Frequency Foldback (CCFF) method. In this mode, the circuit
operates in critical conduction mo@@rM) when the inductor current
exceeds a programmable value. When the curreeiasvithis preset
level, the NCP1615 linearly decays the frequeneyrdtm a minimum
of about 26 kHz at the sinusoidal zero-crossing. E@&ximizes the
efficiency at both nominal and light load. In particular, the standby SOIC-16 NB SOIC-14 NB
losses are reduced to a minimum. Innovative circuitry allows near— CASE 752AC CASE 751AN
unity power factor even when the switching frequeisaeduced.

The integrated high voltage start—up circuit eliminates the need for
external start-up components and consumes negligible powerduringéi___A B A A A A 148 HAAAA
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MARKING DIAGRAMS

normal operation. Housed in a SOIC-14 or SOIC-1&kage, the NCP1615xxG NCP1615xxG
NCP1615 incorporates the features necessary for robust and compactp ~ AWLYWW o AWLYWW
PFC stages, with few external components. R EEEER R EER
General Features NCP1615xx = Specific Device Code
e High Voltage Start-Up Circuit with Integrated Broaut Detection XX =A AL B,C,C2 C3,C4,C5 Dorb2
. A = Assembly Location
e |nput to Force Controller into Standby Mode WL — Wafer Lot
e Restart Pin Allows Adjustment of Bulk Voltage Hyssis in Y = Year
Standby Mode WW = Work Week
e Skip Mode Near the Line Zero Crossing ¢ = Pb-Free Package
® Fast Line / Load Transient Compensation
e Valley Switching for Improved Efficiency . ORD.ERING .IN.FQRMATIQN
See detailed ordering and shipping information in the package
e High Drive Capability: =500 mA/+800 mA dimensions section on page 6 of this data sheet.
® \Wide Vcc Range: from 9.5V to 28 V
® Input Voltage Range Detection e Open Pin Protection for FB and FOVP/BUV Pins
® Input X2 Capacitor Discharge Circuitry e Internal Thermal Shutdown
e Power Saving Mode (PSM) Enables < 30 mW No-load e Bi-Level Latch Input for OVP and OTP
Power Consumption e Bypass/Boost Diode Short Circuit Protection
® This is a Pb and Halogen Free Device e Open Ground Pin Protection
Safety Features Typical Applications
e Adjustable Bulk Undervoltage Detection (BUV) e PC Power Supplies
e Soft Overvoltage Protection e Off Line Appliances Requiring Power Factor Corregti
e Line Overvoltage Protection e |ED Drivers
e QOvercurrent Protection e Flat TVs
HVFB H o o HY PIN CONNECTIONS FB o (O Fo HV
FB = Restart
FOVT’??SC = = ;;3 FOVP/BUV ==HV/elo
[ |
VControl &= o GND VControl £ = DRV
FFControl == o CS/ZCD FFControl 05 —= GND
Fault =5 o PFCOK Fault 0 IO CS/ZCD
STDBY o PSTimer STDBY O PFCOK
NCP1615 16 Pins (Top View) NCP1615 14 Pins (Top View)
© Semiconductor Components Industries, LLC, 2016 1 Publication Order Number:
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Figure 1. NCP1615C/D Typical Application Circuit
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Figure 2. NCP1615A/B Typical Application Circuit
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Figure 3. NCP1615 Functional Block Diagram
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Table 1. PIN FUNCTION DESCRIPTION

NCP1615

Pin Number

NCP1615C/D NCP1615A/B

Name

Function

1

N/A

HVFB

High voltage PFC feedback input. An external resistor divider is used to sense the
PFC bulk voltage. The divider high side resistor chain from the PFC bulk voltage
connects to this pin. An internal high-voltage switch disconnects the high side
resistor chain from the low side resistor when the PFC is latched or in PSM in
order to reduce input power.

FB

This pin receives a portion of the PFC output voltage for the regulation and the
dynamic response enhancer (DRE) that speeds up the loop response when the
output voltage drops below 95.5% of the regulation level. Vg is also the input
signal for the Soft-Overvoltage Comparators as well as the Undervoltage (UVP)
Comparator. The UVP Comparator prevents operation as long as Vg is lower
than 12% of the reference voltage (Vrer). The Soft-Overvoltage Comparator
(Soft-OVP) gradually reduces the duty ratio to zero when Vgg exceeds 105% of
VRer A 250 nA sink current is built=in to trigger the UVP protection and disable
the part if the feedback pin is accidentally open. A dedicated comparator monitors
the bulk voltage and disables the controller if a line overvoltage fault is detected.

Restart

This pin receives a portion of the PFC output voltage for determining the restart
level after entering standby mode.

FOVP/BUV

Input terminal for the Fast Overvoltage (Fast-OVP) and Bulk Undervoltage (BUV)
Comparators. The circuit disables the driver if the Veoyp/guy €xceeds the Vioyp
threshold which is set 2% higher than the reference for the Soft-OVP comparator
monitoring the FB pin. This allows the both pins to receive the same portion of the
output voltage. The BUV Comparator trips when Veoyp/suy falls below 76% of the
reference voltage. A BUV fault disables the driver and grounds the PFCOK pin.
The BUV function has no action whenever the PFCOK pin is in low state. Once
the downstream converter is enabled the BUV Comparator monitors the output
voltage to ensure it is high enough for proper operation of the downstream con-
verter. A 250 nA current pulls down the pin and disable the controller if the pin is
accidentally open.

Control

The error amplifier output is available on this pin. The network connected between
this pin and ground sets the regulation loop bandwidth. It is typically set below 20
Hz to achieve high power factor ratios. This pin is grounded when the controller is
disabled. The voltage on this pin gradually increases during power up to achieve a
soft—start.

FFcontrol

This pin sources a current representative to the line current. Connect a resistor
between this pin and GND to generate a voltage representative of the line current.
When this voltage exceeds the internal 2.5 V reference, the circuit operates in
critical conduction mode. If the pin voltage is below 2.5 V, a dead-time is gen-
erated that approximately equates [83 us ® (1 = (Vircontrol/ VREF))]- By this means,
the circuit increases the deadtime when the current is smaller and decreases the
deadtime as the current increases.

The circuit skips cycles whenever Vieggontrol IS below 0.65 V to prevent the PFC
stage from operating near the line zero crossing where the power transfer is par-
ticularly inefficient. This does result in a slightly increased distortion of the current.
If superior power factor is required, offset the voltage on this pin by more than
0.75 V to inhibit skip operation.

Fault

The controller enters fault mode if the voltage of this pin is pulled above or below
the fault thresholds. A precise pull up current source allows direct interface with an
NTC thermistor. Fault detection triggers a latch or auto-recovery depending on
device version.

STDBY

This pin is used to force the controller into standby mode.

N/A

PSTimer

Power saving mode (PSM) timer adjust. A capacitor between this pin and GND,
CpsTimer: Sets the delay time before the controller enters power saving mode.
Once the controller enters power saving mode the IC is disabled and the current
consumption is reduced to a maximum of 100 pA. The input filter capacitor dis-
charge function is available while in power saving mode. The device enters PSM if
the voltage on this pin exceeds the PSM threshold, Vpg . A secondary side con-
troller optocoupler pulls down on the pin to prevent the controller from entering
PSM when the load is connected to the power supply. The controller is enabled
once VpsTimer drops below Vpg out-

10

PFCOK

This pin is grounded until the PFC output has reached its nominal level. It is also
grounded if the controller detects a fault. The voltage on this pin is 5 V once the
controller reaches regulation.
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Table 1. PIN FUNCTION DESCRIPTION

NCP1615

Pin Number
NCP1615C/D NCP1615A/B Name Function

11 9 CS/zCD This pin monitors the MOSFET current to limit its maximum current. This pin is
also connected to an internal comparator for zero current detection (ZCD). This
comparator is designed to monitor a signal from an auxiliary winding and to detect
the core reset when this voltage drops to zero. The auxiliary winding voltage is to
be applied through a diode to avoid altering the current sense information for the
on time (see application schematic).

12 10 GND Ground reference.

13 11 DRV MOSFET driver. The high current capability of the totem pole gate drive (-0.5/
+0.8 A) makes it suitable to effectively drive high gate charge power MOSFETSs.

14 12 VCC Supply input. This pin is the positive supply of the IC. The circuit starts to operate
when Vcc exceeds V(o). After start-up, the operating range is 9.5 V up to 28 V.

15 13 Removed for creepage distance.

16 14 HV This pin is the input for the line removal detection, line level detection, and

brownout detection circuits. For versions C and D, this pin is also the input for the
high voltage start—up circuit.

WWW. onsemi.com
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NCP1615

Table 2. ORDERABLE PART OPTIONS

HV Vee Start-Up Max High Line
Part Number Vce | Start-Up OTP Fault PSM | Discharge Iboost Brownout | Dead-Time | Threshold
NCP1615ADR2G [10.5V No Latch No No No 100 Vdc 13 us 250 vdc
NCP1615A1DR2G [10.5V No Latch No No No 100 Vdc 13 us 236 Vdc
(Notes 2,3 & 4)
NCP1615BDR2G |10.5V No Auto—Recovery No No No 100 Vdc 13 us 250 vdc
NCP1615CDR2G | 17V Yes Latch Yes Yes Yes 100 Vdc 13 us 250 vdc
NCP1615C2DR2G | 17V Yes Latch Yes Yes Yes 87 Vdc 13 us 250 vdc
NCP1615C3DR2G | 17V Yes Latch Yes Yes Yes 104 Vvdc 38 us 257 Vdc
NCP1615C4DR2G | 17V Yes Latch Yes Yes Yes 100 Vdc 13 us 250 Vdc
(Notes 1 & 4)
NCP1615C5DR2G | 17V Yes Latch Yes Yes Yes 100 Vdc 13 us 236 Vdc
(Notes 1,2 & 4)
NCP1615DDR2G 17V Yes Auto—Recovery Yes Yes Yes 100 Vdc 13 us 250 Vdc
NCP1615D2DR2G | 17V Yes Auto—Recovery Yes Yes Yes 87 Vdc 13 us 250 Vdc

Table 3. ORDERING INFORMATION

Part Number Device Marking Package Shipping T
NCP1615ADR2G NCP1615A
NCP1615A1DR2G (Notes 2, 3 & 4) NCP1615A1 SO'C'l“(l'D\'bEi'F';E;S PIN 13 2500 / Tape & Reel
NCP1615BDR2G NCP16158
NCP1615CDR2G NCP1615C
NCP1615C2DR2G NCP1615C2
NCP1615C3DR2G NCP1615C3
NCP1615C4DR2G (Notes 1 & 4) NCP1615C4 SO'C'ligbB_'FLrE;S PIN 15 2500 / Tape & Reel
NCP1615C5DR2G (Notes 1, 2 & 4) NCP1615C5
NCP1615DDR2G NCP1615D
NCP1615D2DR2G NCP1615D2

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.

Versions C4 and C5 have increased values for tonr) and Ipto. Please refer to the electrical characteristics table for details.

For Versions Al and C5, the line valley counter is replaced with a lockout timer.

For Version Al, X2 Discharge is disabled.

For Versions A1, C4 and C5, Line OVP is disabled.

PR
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NCP1615

Table 4. MAXIMUM RATINGS (Notes 8 and 9)

Rating Pin Symbol Value Unit
High Voltage Start-Up Circuit Input Voltage HV Vv -0.3 to 700 \Y,
High Voltage Feedback Input Voltage HVFB VHvEB -0.3 to 700 \Y,
High Voltage Feedback Input Current HVFB lHvEB 0.5 mA
Zero Current Detection and Current Sense Input Voltage (Note 10) CS/ZCD Vesizeb —0.3 to Vcsizepmax) \Y
Zero Current Detection and Current Sense Input Current CS/zCD lcsizep +5 mA
Control Input Voltage (Note 11) Control Vcontrol =0.3 t0 Vontrol(MAX) \%
Supply Input Voltage VCC Veemax) -0.3t0 28 \Y
Fault Input Voltage Fault VEault -0.3to (Ve + 0.6) \%
PSTimer Input Voltage PSTimer VpsTimer -0.3to (Ve + 0.6) \%
Driver Maximum Voltage (Note 12) DRV VpRv -0.3t0 VpRry \%
Driver Maximum Current DRV IDrRV(SRC) 500 mA
IDRV(SNK) 800
Maximum Input Voltage (Note 13) Other Pins Vmax -0.3t07 \%
Maximum Operating Junction Temperature T; -40 to 150 °C
Storage Temperature Range Tste —60 to 150 °C
Lead Temperature (Soldering, 10 s) TLMAX) 300 °C
Moisture Sensitivity Level MSL 1 -
Power Dissipation (Ta = 70°C, 1 Oz Cu, 0.155 Sq Inch Printed Circuit Pp mwW
Copper Clad)
Plastic Package SOIC-14NB/SOIC-16NB 465
Thermal Resistance, (Junction to Ambient 1 Oz Cu Printed Circuit °CIW
Copper Clad) Roia 172
Plastic Package SOIC-14NB/SOIC-16NB Roic 68
ESD Capability (Note 14) Y,
Human Body Model per JEDEC Standard JESD22-A114E. > 2000
Machine Model per JEDEC Standard JESD22-A114E. > 200
Charge Device Model per JEDEC Standard JESD22-C101E. > 500

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.

All references to Version A include Versions A/Al, unless otherwise noted.

All references to Version C include Versions C/C2/C3, unless otherwise noted.
All references to Version D include Versions D/D2, unless otherwise noted.
This device contains Latch—Up protection and exceeds = 100 mA per JEDEC Standard JESD78.
Low Conductivity Board. As mounted on 80 x 100 x 1.5 mm FR4 substrate with a single layer of 50 mmZ2 of 2 0z copper traces and heat

©CoNoO

1

spreading area. As specified for a JEDEC51-1 conductivity test PCB. Test conditions were under natural convection of zero air flow.

0.Vcsizepmax) is the CS/ZCD pin positive clamp voltage.

11. Vontrol(wax) is the Control pin positive clamp voltage.
12.When V¢ exceeds the driver clamp voltage (Vpry(high)): VbRry is equal to Vprynigh)- Otherwise, Vpry is equal to Vcc.
13.When the voltage applied to these pins exceeds 5.5 V, they sink a current about equal to (Vpin — 5.5 V) / (4 kQ). An applied voltage of 7 V

generates a sink current of approximately 0.375 mA.

14.Pins HV, HVFB are rated to the maximum voltage of the part, or 700 V.

WWW. onsemi.com
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NCP1615

Table 5. ELECTRICAL CHARACTERISTICS (Vcc =15V, Viy =120V, VEg = 2.4V, Ryyeg = 200 kR, Viver = 20 V, Cycontrol =
10 nF, Vercontrol = 2.6 V, Vzepics = 0V, Rzepics = 3 kQ, Veoveguy = 2.4V, Vstpgy = 1V, VRestart = 1 V, VpsTimer = 0V, VEaui = open,
Vprcok = open, Cpry = 1 nF, for typical values T; = 25°C, for min/max values, Tj is —40°C to 125°C, unless otherwise noted)

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

START-UP AND SUPPLY CIRCUITS

Start-Up Threshold Vcc increasing Vee(on) \%
A/B Version 9.75 105 11.25
C/D Version 16.0 17.0 18.0
Minimum Operating Voltage V¢ decreasing Vee(off) 8.5 9.0 9.5 Y
Vcc Hysteresis Vec(on) ~ Vec(off) VeeHys) v
A/B Version 1.0 15 -
C/D Version 7.0 8.0 -
Internal Latch / Logic Reset Level V¢ decreasing Vec(reset) 7.3 7.8 8.3 \
Difference Between VCC(Oﬁ) and VCC(reset) VCC(Off) - VCC(reset) AVCC(reset) 0.5 - - \
Regulation Level in Power Saving Mode Version C/D Veees on) - 11 - \%
Transition from lggart1 tO lstart2 (C/D Version) Vcc increasing, Iy = 650 pA Vec(inhibit) - 0.8 - \Y
Start-Up Time (C/D Version) Cvcc = 0.47 uF, tstart-up - - 2.5 ms
Vec=0Vto VCC(on)
Inhibit Current Sourced from V¢ Pin Vec =0V, Vyy =100 V Istart1 0.375 0.5 0.87 mA
(C/D Version)
Start-Up Current Sourced from V¢ Pin Vee =Vecon) - 05V, Istart2 6.5 12 16.5 mA
(C/D Version) Vyy =100V
Start-Up Circuit Off-State Leakage Current Vhy =400 V IHv(off1) - - 30 uA
Vyy =700 V IHv(off2) - - 50
Minimum Voltage for Start-Up Circuit \%
Start-Up (C/D Version) Istartz = 6.5 MA, VHv(MIN) - - 38
Vee =Vegon) — 05V
During PSM (C/D Version) |start2 =6.5 mA, VCC = VHV(MIN_PSM) - - 30
Veeps_on) — 05V
Supply Current mA
In Power Saving Mode (C/D Version) Vee = VeePs_on) lcc1 - - 0.1
Latch VFauIt =4V ICC2 - 0.6 1.0
Before Start-Up (A/B Version) Vee =Vecon) - 05V lccap - 0.6 1.0
Standby Mode Vstandby =0V, VRestart =3V ICC3 - - 1.0
No Switching Vg =255V lcca - - 2.8
Operating Current f =50 kHz, Cpry = open, lces - 2.0 35

Veontrol = 2.5 V, Veg = 2.45 V

LINE REMOVAL (ALL VERSIONS EXCEPT A1)

Line Voltage Removal Detection Timer tiine(removal) 60 100 165 ms
Discharge Timer Duration tiine(discharge) 21 32 60 ms
Discharge Current (C/D Version) Vee = VCC(Off) + 200 mV |CC(discharge) 20 25 30 mA
Vee = Vec(discharge) + 200 mV 10 16.5 30
HV Discharge Level VHv(discharge) - - 40
V¢ Discharge Level (C/D Version) Vcc(discharge) 3.8 4.5 5.4
LINE DETECTION
High Line Level Detection Threshold Vv increasing Viineselect(HL) \%
A/B/CI/C2/C4/DID2 Version 232 250 267
C3 Version 239 257 274
A1/C5 Version 220 236 252
Low Line Level Detection Threshold @y decreasing Viineselect(LL) \%
A/B/CI/C2/C4/DID2 Version 220 236 252
C3 Version 227 243 259
A1/C5 Version 207 222 237

WWW. onsemi.com
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NCP1615

Table 5 ELECTR'CAL CHARACTERIST'CS (VCC =15 V, VHV =120 V| VFB =24 V, RHVFB =200 kQ, VHVFB =20 V, CVControI =
10 nF, Vercontrol = 2.6 V, Vzepics = 0V, Rzepics = 3 k&, Veovpguy = 2.4V, Vstpey = 1V, VRestart = 1 V, VpsTimer = 0 V, VEauit = open,
Vpecok = open, Cpry = 1 nF, 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
LINE DETECTION
Line Select Hysteresis Vyy increasing Viineselect(HYS) 10 - - \
High to Low Line Mode Selector Timer Vyy decreasing tiine ms
A1/C5 Version 20 25 30
All Other Versions 43 54 65
Low to High Line Mode Selector Timer Vyy increasing taelay(line) 200 300 400 us
Line Valley Lockout Counter After tjine eXpires n.. - 8 -
(All versions except A1/C5)
Line Level Lockout Timer After tine €Xpires tiine(lockout) 120 150 180 ms
(A1/C5 Version Only)
POWER SAVING MODE (C/D VERSION)
PSM Enable Threshold VpsTimer inCreasing Vps in 3.325 3.500 3.675
PSM Disable Threshold VpsTimer decreasing Vps_out 0.45 0.50 0.55
PSTimer Pull Up Current Source VpsTimer = 0.9 V IPSTimer1 4.5 5.9 7.3 uA
PSTimer Fast Pull Up Current Source VpsTimer = 3.4 V IpSTimer2 800 1000 1200 uA
PSTimer Leakage Current VpsTimer=4V IpSTimer(bias) - - 100 nA
IpsTimer2 Enable Threshold VpSsTimer2 0.95 1.00 1.05 \%
Filter Delay Before Entering PSM VpsTimer > VPs_in tdelay(PS_in) - 40 - us
Detection Delay Before Exiting PSM and VpsTimer < VPs out tdelay(PS_out) - - 100 us
Turning On Start-Up Circuit B B
PSTimer Discharge Current VpsTimer = VPSTimer(off) + 10 mV IpsTimer(DIS) 160 - - uA
PSTimer Discharge Turn Off Threshold VpsTimer decreasing VpsTimer(off) 0.05 0.10 0.15 Y
PFC FB SWITCH (C/D VERSION)
PFC Off-State Leakage Current VpsTimer =4 V, Vyves = 500 V IHVFB(off) - 0.1 3 uA
PFC Feedback Switch On Resistance Vuves = 2.75 V, Ipveg = 100 pA RFBswitch(on) - - 10 kQ
ON-TIME CONTROL
Maximum On Time — Low Line Vyy = 1625V, us
Vcontrol = Vcontrol(MAX) ton(LL) 22 25 29
Vyy = 162.5V, Veontrol = 2.5 V ton(LL)2 10.5 125 14.0
Maximum On Time - High Line Vyy =325V, ton(HL) us
Versions C4 and C5 Vcontrol = Vcontrol(MAX) 6.8 8.1 9.2
All Other Versions 5.2 6.0 7.0
Minimum On-Time Vpy =162V tonLL(MIN) - - 200 ns
Vhy =325V tonHLMIN) - - 100
CURRENT SENSE
Current Limit Threshold Vium 0.46 0.50 0.54 \%
Leading Edge Blanking Duration tocp(LEB) 100 200 350 ns
Current Limit Propagation Delay Step Vesyzep > Vium to DRV tocp(delay) - 40 200 ns
falling edge
Overstress Leading Edge Blanking Duration tovs(LEB) 50 100 170 ns
Over Stress Detection Propagation Delay Vesizep > Vzepyising) 10 DRV tovs(delay) - 40 200 ns
falling edge
REGULATION BLOCK
Reference Voltage T3=25°C VREF 2.475 2.500 2.525 \
T;=-40to 125°C VREF 2.460 2.500 2.540
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NCP1615

Table 5 ELECTR'CAL CHARACTERIST'CS (VCC =15 V, VHV =120 V| VFB =24 V, RHVFB =200 kQ, VHVFB =20 V, CVControI =
10 nF, Vercontrol = 2.6 V, Vzepics = 0 V. Rzepics = 3 k&, Veovppuy = 2.4V, Vstpey = 1V, VRestart = 1 V, VpsTimer = 0V, VEauit = open,
Vpecok = open, Cpry = 1 nF, 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
REGULATION BLOCK
Error Amplifier Current Source VEg = 2.4V, Vycontrol =2 V IEA(SRC) 16 20 24 uA
Sink VEg =2.6 V, Vycontrol =2V IEA(SNK) 16 20 24
Open Loop Error Amplifier Transconduc- VEg = VRer +/- 100 mV Im 180 210 245 usS
tance
Maximum Control Voltage Veg =2V VControl(MAX) - 4.5 - \Y
Minimum Control Voltage Veg=2.6V Veontrol(MIN) - 0.5 - \Y
EA Output Control Voltage Range Vcontrol(MAX) ~ VControl(MIN) AVcontrol 3.9 4.0 4.1 \
DRE Detect Threshold Vg decreasing VDRE - 2.388 - \%
DRE Threshold Hysteresis Vg increasing VDRE(HYS) - - 25 mV
Ratio between the DRE Detect Threshold Vg decreasing, Vpre / VRer Kpre 95.0 95.5 96.0 %
and the Regulation Level
Control Pin Source Current During Start-Up PFCOK = Low, Vycontrol = 2 V Icontrol(start-up) 80 100 113 uA
(C/D Version)
EA Boost Current During Start-Up Ihoost(start-up) - 80 - uA
(CID Version)
Control Pin Source Current During DRE Vvcontrol =2 V Icontrol(DRE) 180 220 250 uA
EA Boost Current During DRE Iboost(DRE) - 200 — uA
PFC GATE DRIVE
Rise Time (10-90%) VpRry from 10 to 90% of Vpry toRrv(rise) - 40 80 ns
Fall Time (90-10%) 90 to 10% of Vpry toRv(fall) - 20 60 ns
Source Current Capability Vprvy =0V IDRV(SRC) - 500 - mA
Sink Current Capability Vpry =12V IDRV(SNK) - 800 - mA
High State Voltage Vee = Vecfy + 0.2V, VDRV(high1) 8 - - \%
Rpryv = 10 kQ
Vee =28V, Rpry = 10 kQ VDRV(high2) 10 12 14
Low Stage Voltage Vstpey =0V VDRV(low) - - 0.25 \%
ZERO CURRENT DETECTION
Zero Current Detection Threshold Ves/zep rising Vzceb(rising) 675 750 825 mV
Ves/zep falling VzcD(falling) 200 250 300
ZCD and Current Sense Ratio Vzeb(rising) ViLIM Kzconum 1.4 15 1.6 -
Positive Clamp Voltage lcs/zep = 0.75 mA Vcsizeb(MAX1) 7.1 7.4 7.8 \%
Icsizep =5 MA Vesizepvaxz) | 154 15.8 16.1
CS/ZCD Input Bias Current Ves/zep = Vzebyising) Ics/zep(biasy) 0.5 - 2.0 uA
Vesizeb = Vzebaliing) Icsizcp(biasz) | 0.5 - 2.0
ZCD Propagation Delay Measured from Vesizep = tzep - 60 200 ns
Vzcb(talling) t0 DRV rising
Minimum detectable ZCD Pulse Width Measured from Vzcpyrising) t0 tsync - 110 200 ns
VzeD(falling)
Maximum Off-Time (Watchdog Timer) toff1 80 200 320 us
Vesizep > Vzebyrising) tot2 700 1000 1300
Missing Valley Timeout Timer Measured after last ZCD transition tiout 20 30 50 us
Pull-Up Current Source Detects open pin fault. lcs/zepl - 1 - uA
Source Current for CS/ZCD Impedance Pulls up at the end of tgs1 lcs/zep2 - 250 - uA

Testing
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Table 5 ELECTR'CAL CHARACTERIST'CS (VCC =15 V, VHV =120 V| VFB =24 V, RHVFB =200 kQ, VHVFB =20 V, CVControI =

10 nF, Vercontrol = 2.6 V, Vzepics = 0 V. Rzepics = 3 k&, Veovppuy = 2.4V, Vstpey = 1V, VRestart = 1 V, VpsTimer = 0V, VEauit = open,
Vpecok = open, Cpry = 1 nF, 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 CONTROLLED FREQUENCY FOLDBACK
Minimum Dead Time VEFcntrol = 2.6 V tpT1 - - 0 us
Median Dead Time VEEcntrol = 1.75 V toT2 us
C3 Version 14 18 22
All Other Versions 45 6.5 7.5
Maximum Dead Time VErcntrol = 1.0V tpT3 us
C3 Version 32 38 44
All Other Versions 11 13 15
FFcontrol Pin Current — Low Line Vhv = 162.5V, Veontrol = Veontrol(MAX) IoT1 180 200 220 uA
FFcontrol Pin Current — High Line Vv = 325 V, Vcontrol = Vcontrol(MAX) IoT2 uA
C4/C5 Version 120 135 148
All Other Versions 92 103 114
FFcontrol Skip Level VEECntrol = iNcreasing Vskip(out) — 0.75 0.85 \Y
VEEChtrol = decreasing Vskip(in) 0.55 0.65 -
FFcontrol Skip Hysteresis VsKIP(HYS) 50 - - mV
Minimum Operating Frequency fmIN - 26 - kHz
FEEDBACK OVER AND UNDERVOLTAGE PROTECTION
Soft-OVP to Vrgr Ratio Vgg = increasing, Vsovp/VRer Ksovp/VREE 104 105 106 %
Soft-OVP Threshold VEg = increasing Vsovp - 2.625 - \%
Soft-OVP Hysteresis Vg = decreasing Vsovp(HYS) 35 50 65 mV
Static OVP Minimum Duty Ratio VEg = 2.55 V, Vceontrol = OpeN [DIVIIN - - 0 %
Undervoltage to Vrer Ratio Vg = increasing, Vyyp1/VRer KuvP1/VREF 8 12 16 %
Undervoltage Threshold Vg = decreasing Vuvp1 - 300 - mV
Undervoltage to Vrer Hysteresis Ratio Vgg = increasing VUVPL(HYS) - - 25 mV
Feedback Input Sink Current VEg = Vgovp, HVFB = open IFB(SNK1) 50 200 450 nA
VEg = Vyvp1, HVFB = open IFB(SNK2) 50 200 450
FAST OVERVOLTAGE AND BULK UNDERVOLTAGE PROTECTION ( FOVP and BUV)
Fast OVP Threshold VEovp/Buv iNcreasing VEovp - 2.675 - \%
Fast OVP Hysteresis VEovp/suyv decreasing VEOVP(HYS) 15 30 60 mV
Ratio Between Fast and Soft OVP Levels Krovprsovp = Vrove! Vsovp Krovp/sovp 1015 102.0 102.5 %
Ratio Between Fast OVP and Vrer Krovp/VRer = VFove! VREF Krovp/VREF 106 107 108 %
Bulk Undervoltage Threshold VEovp/suv decreasing VBuv - 1.9 - \%
gngervoltage Protection Threshold to VrRer | VFovp/suv decreasing, Veuv/VrRer | KsuvivREF 74 76 78 %
atio
Open Pin Detection Threshold VEovp/suy decreasing Vuvp2 0.2 0.3 0.4 \%
Open Pin Detection Hysteresis VEove/suy increasing VuvpP2(HYS) - 10 - mV
Pull-Down Current Source VEeovpesuv = VBuv IFovP/BUV/(bias1) 50 200 450 nA
VFrovpr Buv = Vuvp2 IFovP/BUV(bias2)] S0 200 450
LINE OVP (ALL VERSIONS EXCEPT A1/C4/C5)
Ratio Between Line OVP and VREF Vg increasing KLovp 111 112.5 114 %
Line Overvoltage Threshold Vi ovp - 2.813 - \%
Line Overvoltage Filter Vg increasing tLovP(blank) 45 55 65 us
STANDBY INPUT
Standby Input Threshold Vstppy decreasing Vstandby 285 | 300 | 315 mV
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Table 5 ELECTR'CAL CHARACTERIST'CS (VCC =15 V, VHV =120 V| VFB =24 V, RHVFB =200 kQ, VHVFB =20 V, CVControI =
10 nF, Vercontrol = 2.6 V, Vzepics = 0 V. Rzepics = 3 k&, Veovppuy = 2.4V, Vstpey = 1V, VRestart = 1 V, VpsTimer = 0V, VEauit = open,
Vpecok = open, Cpry = 1 nF, 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
STANDBY INPUT
| Standby Input Blanking Duration | | thlank(STDBY) | 0.8 | 1 | 1.2 | ms
RESTART
Restart Threshold Ratio VRestart/VREF Krestart 97.5 98.0 98.5 %
Restart Threshold Viestart - 245 - \
Restart Input Pull Down Current VRestart = VuvP3 Irestart(bias) 50 200 450 nA
Open Pin Detection Threshold Vuves 0.2 0.3 0.4 \Y
Open Pin Detection Hysteresis VUVP3(HYS) - 10 - mV
BROWNOUT DETECTION
System Start-Up Threshold Vhy increasing VBO(start) \%
AJ/A1/B/C/C4/C5/D Version 102 111 118
C2/D2 Version 86 95 102
C3 Version (Note 15) 106/110 115 121
System Shutdown Threshold @y decreasing VBO(stop) \%
AJ/A1/B/C/C4/C5/D Version 92 100 108
C2/D2 Version 78 87 94
C3 Version (Note 16) 95/99 104 110
Hysteresis Vv increasing VBO(HYS) \%
AJ/A1/BI/C/C4/C5/D Version 7 11 -
C2/D2 Version 5 8 -
Brownout Detection Blanking Time Vyy decreasing, delay from tBO(stop) 43 54 65 ms
VBO(stop) to drive disable
Control Pin Sink Current in Brownout tBO(stop) EXPIres Icontrol(BO) 40 50 60 uA
FAULT INPUT
Overvoltage Protection (OVP) Threshold VEault increasing VEaul(ovp) 2.79 3.00 3.21 \Y
Delay Before Fault Confirmation us
Used for OVP Detection VEault increasing tdelay(ovP) 225 30.0 375
Used for OTP Detection VEault decreasing tdelay(0TP) 225 30.0 37.5
Overtemperature Protection (OTP) Thresh- VEault decreasing VEault(oTP_in) 0.38 0.40 0.42 \Y
old -
OTP Exiting Threshold (B/D Versions) VEault increasing VEault(©oTpP_outy | 0.874 0.920 0.966 \Y
OTP Blanking Delay During Start-Up thlank(OTP) 4 5 6 ms
OTP Pull-Up Current Source VEault = VFauIt(OTP_in) +0.2V |Fault(OTP) 43 46 49 uA
Fault Input Clamp Voltage VEault = Open VEault(clamp) 1.15 17 2.25 \Y
Fault Input Clamp Series Resistor REault(clamp) 1.32 155 1.78 kQ
PFCOK SIGNAL
PFCOK Output Voltage lpEcok = -5 MA VPECOK 4.75 5.00 5.25 \%
PFCOK Low State Output Voltage IpEcok =5 MA VPECOK(low) - - 250 mV
THERMAL SHUTDOWN
Thermal Shutdown Temperature increasing TSHDN - 150 - °C
Thermal Shutdown Hysteresis Temperature decreasing TSHDN(HYS) - 50 - °C

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.
15.Min value of 110 V corresponds to Tj = 0°C to 125°C, whereas Min value of 106 V corresponds to T; = —40°C to 125°C.

16.Min value of 99 V corresponds to Tj = 0°C to 125°C, whereas Min value of 95 V corresponds to Tj = -40°C to 125°C.
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DETAILED OPERATING DESCRIPTION

INTRODUCTION
The NCP1615 is designed to optimize the efficierfoyoor

e Standby Mode Input: allows the downstream converter

to inhibit the PFC drive pulses when the load duioed.

PFC stage throughout the load range. In addition, i e Safety Protections: the NCP1615 permanently masitor

incorporates protection features for rugged opanatiore

the input and output voltages, the MOSFET curredt a

generally, the NCP1615 is ideal in systems where cost the die temperature to protect the system durintj fa

effectiveness, reliability, low standby power and high

efficiency are the key requirements:

e Current Controlled Frequency Foldback: the NCP1615
operates in Current Controlled Frequency Foldback

(CCFF). In this mode, the circuit operates in dkzds
Critical conduction Mode (CrM) when the inductor
current exceeds a programmable value. When the
current falls below this preset level, the NCP1615
linearly reduces the operating frequency down to a
minimum of about 26 kHz when the input current

reaches zero. CCFF maximizes the efficiency at both

nominal and light load. In particular, standby kEsare

reduced to a minimum. Similar to frequency clamped

CrM controllers, internal circuitry allows near—tyni
power factor at lower output power.

e Skip Mode: to further optimize the efficiency, the
circuit skips cycles near the line zero crossingmthe
current is very low. This is to avoid circuit optoa
when the power transfer is particularly inefficiethe
cost of input current distortion. When superior pow
factor is required, this function can be inhibitad
offsetting the FFcontrol pin by 0.75 V.

e Integrated High Voltage Start-Up Circuit (VersidDs
and D): Eliminates the need of external start—-up
components. It is also used to discharge the ifiljpert
capacitors when the line is removed.

® Integrated X2 Capacitor Discharge: reduces input
power by eliminating external resistors for discfiag
the input filter capacitor.

® PFCOK signal: the PFCOK pin is used to

disable/enable the downstream converter. Thisgin i

internally grounded when a fault is detected ornvhe
the PFC output voltage is below its regulation leve

® Fast Line / Load Transient Compensation (Dynamic
Response Enhancer): since PFC stages exhibit lopv lo

bandwidth, abrupt changes in the load or inputagait
(e.g. at start—up) may cause an excessive over or
undervoltage condition. This circuit limits possibl
deviations from the regulation level as follows:

conditions making the PFC stage extremely robudt an

reliable. In addition to the bulk overvoltage piiten,

the NCP1615 include:

¢+ Maximum Current Limit: the circuit senses the
MOSFET current and turns off the power switch if
the maximum current limit is exceeded. In addition,
the circuit enters a low duty-ratio operation mode
when the current reaches 150% of the current limit
as a result of inductor saturation or a short ef th
bypass/boost diode.

+ Undervoltage Protection (UVP): this circuit turrf o
when it detects that the output voltage is belo% 12
of the voltage reference (typically). This feature
protects the PFC stage if the ac line is too lovf or
there is a failure in the feedback network (e.gd b
connection).

+ Bulk Undervoltage Detection (BUV): the circuit
monitors the output voltage to detect when the PFC
stage cannot regulate the bulk voltage (BUV fault).
When the BUV fault is detected, the control pin is
gradually discharged followed by the grounding of
the PFCOK pin, to disable the downstream
converter.

+ Brownout Detection: the circuit detects low ac line
conditions and stops operation thus protecting the
PFC stage from excessive stress.

+ Thermal Shutdown: an internal thermal circuitry
disables the gate drive when the junction
temperature exceeds the thermal shutdown
threshold.

+ A latch fault input can be used to disable the
controller if a fault is detected (i.e. supply
overvoltage, overtemperature)

+ Aline overvoltage circuit monitors the bulk voleag
and disables the controller if voltage exceeds the
overvoltage level.

Output Stage Totem Pole Driver: the NCP1615

incorporates a 0.5 A source / 0.8 A sink gate drive

efficiently drive most medium to high power

MOSFETSs.

+ The soft and fast Overvoltage Protections accuyratel
limit the PFC stage maximum output voltage. HIGH VOLTAGE START-UP CIRCUIT
+ The NCP1615 dramatically speeds up the regulation  Versions Cand D of the NCP1615 integrate a high voltage
loop when the output voltage falls below 95.5% of  start-upcircuit accessible by the HV pin. The start-up
its regulation level. This function is disabled idgr circuit is rated at a maximum voltage of 700 V.
power up to achieve a soft-start. A start—up regulator consists of a constant cusentce
e Power Saving Mode: disables the controller and that supplies current from a high voltage railtte supply
reduces the input power consumption of the system  capacitor on the ¥c pin (Gycc). The start-up circuit
enabling very low input power applications. current (btartd is typically 12 mA. dtarzis disabled if the
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Ve pin is below \Ecinhibit) In this condition the start-up Hich Current

current is reduced tQhrty, typically 0.5 mA. The internal NC?deIay . N
high voltage start-up circuit eliminates the nemdeiternal

start-upcomponents. In addition, this regulator reduces no

load power and increase the system efficiency aseas Low Current

negligible power in the normal operation mode Tne next cycle is _/_\/\/\_

Once Gycc is charged to the start-up thresholdcyon) Y _—
typically 17 V (10.5 V for versions A and B), the start-up
regulator is disabled and the controller is enablEue Lower Current _/_\/\M
start-up regulator remains disabled untjdfalls below the Longer dead-time ,
lower supply threshold, &t (off), typically 9.0 V, is reached. Timer delay
ane reached, the PF_C controller is disabled reducing the Figure 4. CCFF Operation
bias current consumption of the IC.

The controller is disabled once a fault is detected. The
controller will restart next time & reaches ¥con)or after
all non-latching faults are removed.

The supply capacitor provides power to the controller
during power up. The capacitor must be sized shahd
Vcc voltage greater thandéofr) is maintained while the
auxiliary supply voltage is building up. Otherwise;AMwill
collapse and the controller will turn off. The operating IC
bias current,dcs, and gate charge load at the drive outputs
must be considered to correctly sizgcg. The increase in
current consumption due to external gate charge is
calculated using Equation 1.

Timer delay

As illustrated in the top waveform in Figure 4, at high
load, the boost stage operates in CrM. As the deadeases,
the controller operates in a controlled frequency
discontinuous mode.

Figure 5details CCFF operation. A voltage representative
of the input current (“current information”) is genated. If
this signal is higher than a 2.5 V internal refees(named
“Dead-TimeRamp Threshold”), there is no deadtime and
the circuit operates in CrNf. the current information signal
is lower than the 2.5 V threshold, deadtime is dddée
deadtime ighe time necessary for the internal ramp to reach
2.5V from the current information floor. Hence, the lower
|cc(gatecharge) = f- Qg (eq. 1) the current information is, the longer the deadtikvinen
the current information is 0.75 V, the deadtimé&3ss.

To further reduce the losses, the MOSFET turn on is
further delayed until its drain—source voltage is atattey.
OPERATING MODE As illustrated in Figure 5, the ramp is synchronized to the

The NCP1615 PFC controller achieves power factor drain-sourceringing. If the ramp exceeds the 2.5 V
correction using the novel Current Controlled Frequency threshold while the drain—source voltage is belqw the
Fo|dback(CCFF) topo|ogy_ In CCFF the circuit operates in ramp isextended until it oscillates abovg,\¢o that the drive
the classical critical conduction mode (CrM) whére t  Will turn on at the next valley.
inductor current exceeds a programmable value. Once the
currentfalls below this preset level, the frequency iséirly
reduced, reaching about 26 kHz when the currezgrs.

where f isthe operating frequency ang@ the gate charge
of the external MOSFETS.
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Figure 5. Dead-Time Generation

CURRENT INFORMATION GENERATION

The FFcontrol pin sources a current that is represge
of the input current. In practicegcontrol is built by
multiplying the internal control signal 8&cul i-€., the
internal signal that controls the on time) by thterinal sense
voltage (\sensg that is proportional to the input voltage
seen on the HV pin (see Figure 6).

The multiplier gain Kmof Figure 6) is four times less in
high line conditions (that is when the “LLine” sajrfrom
the brownout block is in low state) so thatdontrolprovides
a voltage representative of the input current acresistor
Rer placed between the FFcontrol pin and ground. The
FFcontrol valage, \rcontrol iS representative of the current
information.

HV Brown-out
and Line Range +—#= ISENSE
Detection
Control Viol
Converter

—» IREGUL = K*V REGUL

l'SENSE vREGUL lLLIine

Multiplier

Vskip(in)!. SKIP
Vskip(out) PFC_OK

|
|
|
FFcommlLJI: Km*IREGUL'ISENSE
|
|
I

+

- SUM

L

RAMP

Figure 6. Generation of the Current Information in

the NCP1615
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SKIP MODE function can be inhibited offsetting the FFcontrol pin by
As illustrated in Figure 6 the circuit also skiggles near  0.75 V. The skip mode capability is disabled whendive
the line zero crossing where the current is very émd PFC stage is not in nominal operation represenyethd
subsequently the voltage across RFF is low. A comparatorPFCOK signal.
monitors Mercontrol @nd inhibits the switching operation  The circuit does not abruptly interrupt the switghwhen
when \ercontrolfalls below theskip level, Vkip(in), typically VEFcontrolfalls below \ip(in). Instead, the signalién that
0.65 V.Switching resumes wheng¥controlexceeds the skip  controls the on time is gradually decreasedioyunding the
exit threshold, kipouty typically 0.75 V (100 mV  Vggguisignal applied to the 6y processing block shown
hysteresis). This function disables the driver to reducein Figure 11. Doing sdhe on time smoothly decays to zero
power dissipation when the power transfer is paldidy in 3 to 4 switching periods typically. Figure 7 siothe
inefficient atthe expense of slightly increased input current practical implementation of the FFcontrol circuitry
distortion. When superior power factor is needed, this

Ramp For DT Control

Zero Current Detection 1
Dead-time (DT)

Detecuon q_\ SUM

1T
Q
DRV . IR I
i Vzed(th)

TimeOut
delay

|
|
I DRV
|
|
|

Cs/zcb

I——1—QO-

FFcontrol

Q
.
R DRV =

Clock Generation

—_————————

Figure 7. CCFF Practical Implementation

CCFFmaximizes the efficiency at both nominal and light so that the PFC stage transitions from the n vatiép + 1)
load. In particular, the standby losses are reduoed valley or vice versa from the n valley to (n — 1) cleanly as
minimum.Also, this method avoids that the system stalls or illustrated by Figure 8.
jumps béween drain voltage valleys. Instead, the ciroctis a

.LF\AJ\(\JF\IL/\.[\/V\J\.MG' Drain Source Voltage

(600 V/div)

25ps
‘ H Transition without hesitation H

;—r 2.5-V Threshold ‘
"

it Ramp * Vpins

Input Voltage (20 V/div)
! M1 Il In © DRV

/A {A\ / ﬂ\ !A\ :nductor QU;'rent
' : ‘ = 500 mA/div
AR AVARIL

7. 108m 7.110m 7-115m 7.1Z0m T.125m

Figure 8. Valley Transitions Without Valley Jumping
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ON TIME MODULATION

Let's analyze the ac line current absorbed by th€ P
boost stage. The initial inductor current at thgitweing of
each switching cycle is always zero. The coil aurramps

up when the MOSFET is on. The slope is (Vin/L) where L

is the coil inductance. At the end of the on tireeiqd (t),
the inductor starts to demagnetize. The inductorect
ramps down until it reaches zero. The duratiorhisfphase
is (). In some cases, the system enters then the diead -t
(t3) that lasts until the next clock is generated.

l Vou
|

in L
. M

Vin

|

l»
[

One can show that the ac line current is given by:

tl(tl + t2>
lin = Vin oL

(ea.2)

Where T = ( + t» + t3) is the switching period andMs the
ac line rectified voltage.

In light of this equation, we immediately note thati$
proportional to W, if [t1*(t1 + t)/T] is a constant.

Inductor current

time

Figure 9. PFC Boost Converter (left) and Inductor Current in DCM (right)

The NCP1615 operates in voltage mode. As portrayed b Where §nvax) is the maximum on time obtained when

Figure 10, { is controlled by the signali\yn generated by
the regulation block and an internal ramp as folow

C -V
tl = M (eq 3)
Ich

The charge current is constant at a given inpuagel(as

mentioned, it is four times higher at high line compared to

its value at low line). ampis an internal timing capacitor.
The output of the regulation block,c¥ntrop is linearly
transformed into the sighalR¢guL varying between 0 and
1.5 V. VReguL is the voltage that is injected into the PWM
section tanodulate the MOSFET duty ratio. The NCP1615
includes circuitry that processespguL to generate the
VT1on signal that is used in the PWM section (see Figlije
It is modulated in responsettte deadtimsensed during the
precedenturrent cycles, that is, for a proper shaping ef th
ac line current. This modulation leads to:

T-V

REGUL
Vion =———— (eq. 4)
tl + t2
or
(t, + tz)
Vion = VrecuL

Given the low regulation bandwidth of the PFC syste
V controland thus W%eguL are slow varying signals. Hence,
the (Mon*(t1 + ©)/T) term is substantially constant.
Provided that during 1tit is proportional to “Yon,
Equation 2 leads to:

I|n =k- Vin'
where K is a constant.
_ |1 VrecuL
k = constant = | — - v Lon(MAX)
REGUL(MAX)

VRecuL is at its maximum level, NeguL(vax). The

parametric table shows thagnvax) is equal to 25us
(ton(w)) at low line and to 6.3s (bneHw) at high line.
Hence, we can rewrite the above equation as follows

= Vin * toney _ VReGUL
2-L VREGUL(MAX)
at low line.
= Vin * Lon(hu . VReGUL
2-L VREGUL(MAX)

From these equations, we can deduce the expresfsiba
average input power at low line as shown below:

\Y,

2. .
in,rms ton(LL) VREGUL

2-L-V

P

in(ave) =
REGUL(MAX)

The input power at high line is shown below:

\Y,

2. .
in,rms ton(HL) VREGUL

2-L-V

Pin(ave) =
REGUL(MAX)

Hence, the maximum power that can be deliveredhby t
PFC stage at low line is given by equation below:
\%

. 2.t
in,rms on(LL)
Pin(MAX) =

2-L

The maximum power at high line is given by the equation
below:

\%

i 2.1
in,rms on(HL)
Pin(MAX) =

2-L
The input current is then proportional to the inpritage
resulting in a properly shaped ac line current.
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One can note that this analysis is also valid iMCr
operation. This condition is just a particular case of this IChl
functioning where ¢ = 0), which leads to {t+ tt = T) and
(V1on = VReguL)- That is why the NCP1615 automatically
adapts to the conditions and transitions from DONCtM
(and vice versa) without power factor degradation and closed when VTON
without discontinuity in the power delivery. outputow Icramp

N "
ramp voltage
_I_I I_I PWM output

Figure 10. PWM Circuit and Timing Diagram

PWM
Comparator

—_—
Turns off MOSFET

Internal timing PWM
saw-tooth Comparator
+ to PWM latch
VTON

OAl

VREGUL —— I3

-
y
1

-_

IN1—pg
—>V1op during (t1+t2)
>0 V During t3 (dead-time)
=>V1on*(t1+t2)/T in average

ocCP

The integrator OA1 amplifies the error be-
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dead-time)

Figure 11. V ton Processing Circuit

It is important to note that the “VTON processirnigait” REGULATION BLOCK AND LOW OUTPUT VOLTAGE

compensates for long interruption of the driver activity by DETECTION

grounding the Yoy signal as shown in Figure 11. Long A transconductance error amplifier (OTA) with acces
driver interruptions are represented by the STOP signal.the inverting input and output is provided. Accésshe
Such faults (excluding OCP) are BUV_fault, OVP, inverting inputis provided by the FB pin and the output is
BONOK, OverStress, SKIP, staticOVP, Fast-OVP, accessible through the Control pin. The OTA features a
RestartNOKand OFF mode. Otherwise, a long off time will typical transconductance gainy,,@f 210uS. The amplifier

be interpreted as normal deadtime and the circuitthaver ~ source and sink currentsgaisrc) and Ea(snk), are

dimension \fon to compensate it. Grounding therdf typically 20uA. . _
signal leads to a short soft-start period due to ramp up of The output voltage of the PFC stage is typically scaled

V1on. This helps reduce the risk of acoustic noise. down bya resistors divider and fed into the FB pin. Thre pi
input bias current is minimized (less than 500 tA3llow
VOLTAGE REFERENCE the use of a high impedance feedback network. Asanee

A transconductance error amplifier regulates th€ PF  time, the bias current is enough to effectively grourelfB
output voltage, ¥uk, by comparing the PFC feedback if the pin is open or floating.
signal to an internal reference voltageg¥ The feedback The output of the error amplifier is brought to @entrol
signal is applied to the inverting input and the reference ispin for external loop compensation. The compensation
connected to theon-inverting input of the error amplifier.  network on the Control pin is selected to filter the bulk
A resistor divider scales downpMi to generate the PFC  yoltage ripple such that a constant control voltage is
feedback signal. Neris trimmed during manufacturing to  maintained across the ac line cycle and provide adequate
achieve an accuracy tf2.4%. phase boost. Typically a type 2 network is used, to set the
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regulation bandwidth below about 20 Hz and to provide a scaled down by a resistor divider before it connects to the
decent phase boost. “V ToN processing block” and the PWM section as shown in

The minimum control voltage, dbntroi(Miny) is typically Figure 12. The output of the regulation block isignal
0.5V and it is set by an internal diode drop er Maximum (“V recul” of the block diagram) that varies between 0 and
control voltage, ¥ontrol(MAXx) is typically 4.5 V. Therefore,  a maximum value corresponding to the maximum ore:tim
the Vcontrol SWING is 4 V. \eontrol IS Offset down by a Wand

Fast-OVP Comparator
VFovp P
fastOVP
I UvpP2
FB Vuvpi *JT uvp
UVP Comparator

STOP

4 BO_NOK
v b SoftOvP PFC_OK
Sovp Soft-OvP

Comparator VDD

PFCOK_D_é
VDRE:IB DRE

Error COmparator

VREGUL

V REGUL(MAX)

Amplifier 0.5V Bottom
—_ Clamp
3 ) — — —
g@ L Mo |
'

-_—V
- VREF :
T Regulation
= 9 [ In_Regulation
- Detector

|
|
|
|
|
|
|
|
I
|

| |

Control I I

fl: . -l'o 5V - |
J @IC‘ONTROL(BO) T -7 SstaticovP | .
OFF—I ﬂ (0.5V bottom I 05V =

I_ 3R clamp -
F 4V is activated) l_ :J

VREGUL

V Control

|
|
|
|
|
|
|
|
|
Vi

f

Vi+4V

R

Figure 12. Regulation Block Diagram (left) Correspo  ndence Between V cgniroi @nd Vgegur (right)

Given the low bandwidth of the regulation loop, abrupt controls the on time is gradually decreased by grounting t
variations of the load, may result in excessive over or VreguL Signal applied to the %N processing block as
undershoots. shown inFigure 11. Doing so, the on time smoothly decays

The NCP1615 embeds a “dynamic response enhancerto zero in 3 to 4 cycles. If the output voltage keeps
circuitry (DRE) that limits output voltage undersh®. An increasing, the Fast Overvoltage Protection (FOVP)
internal comparator monitors the FB pin and ifvitdtage comparator immediately disables the driver when the output
falls below95.5% of its nominal value, it enables a pull-up voltage exceeds 107% of its desired level.
current source phost(DRE) to increase the Control voltage The Undervoltage (UVP) Comparator monitors the FB
by charginghe compensation network and bring the system voltage and disables the PFC stage if the bullageltalls
into regulation. The total current sourced from the Control below 12% of its regulation level. Once an undeag# fault
Pin during DRE, ¢ontrol(DRE) IS typically 220uA. This is detected, the PFCOK signal goes low to disabte th
effectively appears as a 10x increase in the l@ip. g downstream converter and the control capacitaoisrgled.

For versions A and B bost(prE)iS disabled until the The Bulk Undervoltage Comparator (BUV) monitors the
PFCOKSsignal goes high. The slow and gradual chargesof th bulk voltage and disables the controller if the Buldtage
Control capacitor during power up softens the start-up falls below the BUV threshold. The BUV threshold is dorat
sequence effectively achieving a soft-start. Fosioas C of Vrer and it is given by Kuvivrer typically 76% of
and D, a reduced current sourcgyobt(start-up)(typically VRrer Once a BUV fault is detected the controller sabied
80uA), is enabled to speed up the start-up sequence anénd the PFCOK signal goes low. The Control capadsto
achieve daster start-up timepdost(start-upjs disabled when  slowly discharged until it falls below the skip level. The
faults (i.e. Brownout) are detected. discharge delay forces a minimum off time for the

Voltage overshoots are limited by the Soft Overvoltage downstream converter. Once the discharge phase is
Protection (SOVP) connected to the FB pin. The circuit complete the circuit may attempt to restart §oMs above
reduces the power delivery when the output voltage exceedVccony Otherwise, it will restart at the nexic¥(ony The
105% of its desired level. The NCP1615 does naiathyr BUV fault is blanked while the PFCOK signal is low (i.e.
interrupt the switching. Instead, thetrfy signal that during start—up) to allow a correct start—-up segaen
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A dedicated comparator monitors the FB voltagecteat
the presence of a line overvoltage (LOVP) faulte Tine
overvoltage threshold, pgLovp), is typically 112.5%. A
timer,t ovpiank), typically 50us, blanks the line detect signal

PFC Zero Current Detection

The CS pin is also designed to receive a signal from an
auxiliary winding to detect the inductor demagregian or
for zero current detection (ZCD). This winding isroaonly

to prevent false detection during line transients and surgeknown as a zero crossing detector (ZCD) winding. This
Once a line OVP fault is detected the converter is latched.winding provides a scaled version of the inductor voltage.

Line OVP is disabled in Versions A1, C4 and C5.

The input to the Error Amplifier, the soft-OVP, li@/P,
UVP and DRE Comparators is the FB pin. The tablevbe
shows theelationship between the nominal output voltage,
Vout(Nom). and the DREsoft-OVP, Fast-OVHine OVP and
UVP levels.

Parameter Symbol/Value

Nominal Output Voltage
DRE Threshold

Vout(Nom)
Vout(Nom)*95.5%

Soft-OVP Vout(nom)*105%
UVP Vout(nom)y*12%
Fast-OVP Vout(nom)*107%
Line-OVP Vout(Nom)*112.5%

CURRENT SENSE AND ZERO CURRENT DETECTION

Figure 14 shows the ZCD winding arrangement.

PFC Inductor

° ’I
+ +
Recitied °]
ac line a = PEC
+ O
voltage N == Output
_ PFC Switch Voltage
Dzep —
= Yy DRV —| t— B
—
| Res =
A4

csizeo | |
Rzcpz =
| Rzcp1
|

Figure 14. ZCD Winding Implementation

The NCP1615 combines the PFC current sense and zero

current detectors (ZCD) in a single input termi@$/ZCD.
Figure 13 shows the circuit schematic of the cursemse
and ZCD detectors.

* VzeD(rising)/
-V zCD(falling)

| 8vbp §VDD
o
| 8N t
Py offl
| 8 V) 3 DRV DRV
= ‘ Current Limit l
Comparator
CS/ZCDI LEB N P Detection [—#OCP
tOCP(LEB] of excessive|
I v T+ current |- QverStress
I OoCP =
| = DRV =
I ‘ ZCD
LEB > Comparator
: tOVS(LES] pb—> 7CD

i

Figure 13. PFC Current Sense and ZCD Detectors
Schematic

Current Sense

The PFC Switch current is sensed across a sensmres
Rsense and the resulting voltage ramp is applied to the
CS/ZCDpin. The current signal is blanked by a leadingeedg
blanking (LEB) circuit. The blanking period elimtes the

The ZCD winding voltage, ¥cp, is positive while the
PFC Switch is off and the inductor current decayzdro.
Vzcp drops to and rings around zero volts once theciodu
is demagnetized. The ZCD winding voltage is applied
through adiode, G-cp, to prevent this signal from distorting
the current sense information during the on timeré&fore,
the overcurrent protection is not impacted by theDZ
sensing circuitry.

As illustrated in Figure 13, an internal ZCD Congiar
monitors the CS/ZCD voltage,é¢;zcp The start of the
demagnetization phase is detected (sig@ is high) once
Vcsizep exceeds the ZCD arming thresholdzc¥rising)
typically 750 mV. This comparator is able to detect ZCD
pulses with a duration longer than 200 ns. Wheg,/¥cp
drops below the lower or trigger ZCD threshold,
Vzep(raling) the end of the demagnetization phase is
detected and the driver goes high within 200 ns.

When a ZCD signal is not detected during start-up or
during the off time, an internal watchdog timegst
initiates the next drive pulse. The watchdog timer duration
is typically 200us. Once the watchdog timer expires the
circuit sensethe impedance at the CS/ZCD pin to detect if
the pin is shorted and disable the controller. T&ZCD
external components must be selected to avoid false fault

switch turn-on event. The LEB periodpdp(LeB) IS

connected tothe CS/ZCD pin is 3.9Q. Practically, Rsin

typically 200 ns. The Current Limit Comparator disables the Figure 14 must be higher than 3Q.k

driver once the current sense signal exceeds tremvent
threshold, \b¢p typically 0.5 V.
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POWER SAVING MODE
Versions C and D of the NCP1615 has a low current

consumption mode known as power saving mode (PSM).

The supply current consumption in this mode is below
100pA. PSM operation is controlled by an external cointr

signal. This signal is typically generated on the secondary

side of the power supply and fed via an optocoupler

The NCP1615 enters PSM in the absence of the control

signal.The control signal is applied to the PSTimer pine T
block diagram is shown in Figure 15. Power saving mode
operating waveforms are shown in Figure 16.

The NCP1615 controller starts oncgdfeaches ¥c(on)
and no faults are present. The PSTimer pin is hejdoaind
until the PFCOK signal goes high. This ensuredithe to
enter PSM is always constant.

Once the PFCOK signal goes high, the current saumce
the PSTimer pin,dsTimers IS €nabled.dsTimer1is typically
5.9uA. The current source charges the capacitor coadect
from this pin to ground. OncepéTimerreaches ¥stimeroa
2nd current source,pkTimerz IS €nabled to speed up the
charge of Gsm Vpstimer2and bsTtimer2are typically 1 V
and 1 mA, respectively. The controller enters P$lthe
voltage orthis exceeds, s in typically 3.5 V. An external
optocouplemor switch needs to pull down on this pin before
its voltage reachespg_into prevent entering PSMpd timer
is disabled once the controller enters PSM. A tesis
between this pin and ground discharges the PSTime
capacitor. The controller exits PSM once<¥imerdrops
below Vps out typically 0.5 V. At this time the start-up
circuit is enabled to chargegé up to Vec(ony Once \ec
charges to ¥c(on) the capacitor on the PSTimer pin is
discharged with an internal pull down transistoheT
transistor iglisabled once the PFCOK signal goes high. The
time to enter PSM mode is calculated using Equati®n
through 7. The time to exit PSM mode is calculateihg
Equation 8.

tesmin) = tesminy) T trsmin2) (eq. 5)

VbD

In PSM _L

VpsTimer2 ©

In PSM

IPsTimer2

| .
Power PS-EI‘T]

615
(eq. 6)
VA
PSTimer2
tpsminy) = ~RpsmCpswm - I”(l T R )
PSTimerl PSM
(eq. 7)
VPS_in - VPSTimerZ
tpsminz) = “RpsmCpsm * IN| 1 - | R
PSTimer2 PSM
VPS_out
tpsmouty = ~RpsmCpsm I v (eq. 8)
PS_in

During PSM, the start-up circuit on the HV pin maintains
Vcc above \ec(of) The input filter capacitor discharge
circuitry continues operation in PSM. The supplitage is
maintained irPSM by enabling the HV pin start—up circuit
once \¢c falls below \ecps_onytypically 11 V) and Vv
is at its minimum value as detected by the valletection
circuitry. The start—-up circuit current in PSMiieieased to
Istartg typically 12 mA, to reduce the time the starteirpuit
is on and thus a lower voltage on the HV pin.

The start-up circuit is disabled oncecy exceeds
Vce(ps_on) A voltage offset is observed orc¥ while the
start-upcircuit is enabled due to the capacitor ESR. This
will cause the start-up circuit to turn off becavgec
exceeds ¥c(ps_on) Internal circuitry prevents the start-up
circuit from turning on multiple times on the saa®line
rhalf-cycle. The start-up circuit will turn on the next
half-cycle. Eventually, \ec will be regulated several
millivolts below Vcc(ps om) The offset is dependent on the
capacitor ESR.

This architecture enables the start-up circuittierexact
amount of time needed to regulated/ This results in a
significant reduction in power dissipation because the
average input voltage during which the start—up cirsuini
is greatly reduced. Figure 16 shows operating wawes
while in PSM.

Vbbp

erl ; PSTimer

In PSM

Saving v
Mode

Detector

Initial
Discharge

¥

PFCok

Vps i/ *

VPS_out i

Figure 15. NCP1615 Power Saving Mode Control Block
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Figure 16. Power Saving Mode Operating Waveforms

time

Since the NCP1615 maintains thed/in at Vcc(ps_on) BYPASS/BOOST DIODE SHORT CIRCUIT AND
during PSM, the current consumption of the dowrstre  INRUSH CURRENT PROTECTION
converter can have an undesirable impact to power It may be possible to turn on the MOSFET while a high
consumption. Asimple mechanism to disconnect the supply current flows through the inductor. Examples ofsthi

voltage to the downstream converter during PSNhés condition include start-up when large inrush current is
in Figure 17. present to charge the bulk capacisaditionally a bypass

diode is generally placed between the input and output
high—voltage rails to divert this inrush currefiitthiis diode

is accidentally shorted or damaged, the MOSFET will
operate at a minimum on time but the current can be very
high causing a significant temperature increase.

The NCP1615 operates in a very low duty ratio taiced
the MOSFET temperature and protect the systemi@ th
“Over Stress” condition. This is achieved by disabling the
drive signal if the ¥cp(rising) threshold is reached during

| the MOSFET conduction time. In this condition, &heis
| Enavle ¢| set and the “OverStress” signal goes high. Thedis/sthen
l % I disabled for a period determined by the overstress wajchdo
N L L timer, 0, typically 1 ms. This longer delay leads to a very
- - - low duty-ratiooperation to reduce the risk of overheating.

This operation also protects the system in thetefenboost
Figure 17. Downstream Converter Supply Removal diode short.
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Figure 18. Current Sense and Zero Current Detection  Blocks
PFCOK SIGNAL zero. The start-up phase is then complete andREOR
The PFCOK pin provides a dedicated 5 V referencenwhe signal goes high until a fault is detected.
the PFC stage is in regulation. The pin is inteyrgdbunded Another signal considered before setting the PFCOK
during the following conditions: signal isthe BUV. The PFCOK signal will remain low until
e During Start-Up: It remains low until the output the bulk voltage is above the undervoltage threshbhe
voltage achieves regulation and the voltage stzsilat PFCOK signal will go low if the bulk voltage drops below
the right level. its undervoltage threshold.

e | ow Output Voltage: If the PFC stage output volt&ye
below the bulk undervoltage (BUV_Fault) level, ttas
indicative of a fault. The PFCOK signal then pr@sd
means to disable and protect the downstream canvert

BROWNOUT DETECTION

The HV pin provides access to the brownout and line
voltage detectors. It also provides access to the input filter
capacitor discharge circuit. The brownout detector detects

* Brownout fault is detected (after discharge of caint main interruptions and the line voltage detectdexrines
capacitor). the presence of either 110 V or 220 V ac mains. Bdipg
e Low supply voltage: ¥c falls below \ecoff). on the detected input voltage range device parameters are
e Feedback undervoltage fault. internally adjusted to optimize the system perfaroga
* Fault condition: A fault detected through the Faait Line and neutral are diode *ORed" before connecting to
. the HV pin as shown in Figure 20. The diodes prettes
® Open FB pin. . ) .
pin voltage from going below ground. A low valusistor
° Thermal Shutdown. in series with the diodes can be used for protection. A low
® Line voltage removal. value resistor is needed to reduce the voltage offset while

The circuit schematic of the PFCOK block is shown sensing the line voltage.

Figure 19.
: In_ReguIation—:>_ AC EMI
- S Q # PFC_OK
l OVLflag —1 Dominant IN FILTER
| Reset
I OFF Latch j\f
Line_OVP R Q
: BUV_fault
PFCOK D I
| Controller
Figure 19. PFCOK Circuit Schematic
The PFCOK circuit monitors the current sourced by the Figure 20. High-Voltage Input Connection

OTA. The OTA current reaches zero when the outpliage

has reached its nominal level. This is represented in the The controller is enabled oncgyy is above the brownout
block diagram by th&in_Regulation” Signal. The PFCOK  threshold, Bo(starty typically 111 V, and ¥c reaches
signal goes high when the current reaches zero obé&diss Vce(ony Figure 21 shows typical power up waveforms.
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Figure 21. Start-Up Timing Diagram

A timer is enabled once ) drops below its disable setlong enough to ignore a single cycle dropol& fimer
threshold, o(stop) typically 100 V. The controller is  ramp starts charging onceyy drops below o(stop)
disabled if \jy doesn’t exceed No(stop) before the Figure 22 shows brownout detector waveforms duiimey
brownout timer expiresgb, typically 54 ms. The timeris  dropout.
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Figure 22. Brownout Operation During Line Dropout

LINE RANGE DETECTOR

previously inhigh line mode. If the controller has switched

The input voltage range is detected based on the peako “low line” mode, it is prevented from switching back to
voltage measured at the HV pin. The line range detection“high line” mode until the valley detection circuietects 8

circuit allows more optimal loop gain control faniversal

(wide input mains) applications. Discrete valuessaiected
for the PFC stage gain (feedforward) depending eringut

voltage range.

The controller compares 1, to the high line select
threshold, Vfheselect(HL) typically 250 V. Once My
exceeds Yheselect(HL) the PFC stage operates in “high line”
(Europe/Asia) or “220 Vac” mode. In high line mode the
loop gain is divided by four, thus the internal PWainp
slope isfour times steeper. ForeYsions C4 and C5, the gain
is divided by three, thus the ramp is three tintesyzer.

The default power—up mode of the controller is lowe.
The controller switches tthigh line” mode if \iyy exceeds
the high line select threshold for longer than twve to high
line timer, Helay(iine) typically 300us as long as it was not

valleys, even if dejay(ine)has expired. In Versions Al and
C5, a lockout timer is started upon transitionintjda line”
mode. Instead of counting valleys, transition tagthline”
mode is prevented until the lockout timegpetiockout)
(typically 150 ms), expires. The timer and logiénisluded
to prevent unwanted noise from toggling the opeggline
level.

In “high line” mode the high to low line timerjnt,
(typically 25 mdor Versions A1/C5 and 54 ms for all other
versions) is enabled onceyV falls below Vineselect(LL)
typically 236 V. Itis reset if \(y exceeds Yheselect(LL) The
controller switches back to “low line” mode if thégh to
low line timer expires. Figures 23 and 24 show afieg
waveforms othe line detector circuit. For Versions A1/C5,
Figure 25 shows the operation of the lockout timer.
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Figure 23. Line Detector Timing Waveforms
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Figure 25. Lockout Timer Operation (Versions A1/C5  Only)

OUTPUT DRIVE SECTION e A brownout fault is detected.

The NCP1615 _inqorporates_ a Igrge MOSFET dri\_’“ It o The controller enters skip mode (see block diagram)
a totem pole optimized to minimize the cross cotidac o A bulk undervoltage fault is detected

current during high frequency operation. It hasgh lirive
current capability (~500/+800 mA) allowing the caiier ® The controller enters latch mode.
to effectively drive high gate charge power MOSFET. Generally speaking, the circuit turns off when the
The device maximum Supp|y V0|tag%&'(MAX), is30V. conditions are not prop&vr desired operation. In this mode,
Typical high voltage MOSFETs have a maximum gate the controller stops operation and most of theriae
voltage rating of 20 V. The driver incorporates an active circuitry isdisabled to reduce power consumption. Below is
voltage clamp to limit the gate voltage on the external description of the IC operation in off mode:
MOSFETs. The voltage clampp¥y(nigh). is typically 12 V ® The driver is disabled.
with a maximum limit of 14 V. e The controller maintains ¢ between c(onjand
The gate driver is kept in a sinking mode whenever the Vec(of)
controller is disabled. This occurs when the Undkage
Lockout isactive or more generally whenever the controller
detects dault and enters offiode (i.e., whethe “STDWN"
signal of the block diagram is high).

e The following blocks or features remain active:
+ Brownout detector.
+ Thermal shutdown.
+ The undervoltage protection (“UVP") detector.

OFF MODE + The overvoltage latch input remains active

The controller is disabled and in a low current mbdey ~ ® VcontroliS grounded to ensure a controlled start-up
of the following faults are detected: sequence once the fault is removed.
e Low supply input voltage. An undervoltage (or UVLO) ® The PFCOK pin is internally grounded.

fault is detected if ¥¢ falls below \ec(off). e The output of the “Yon processing block” is grounded.
e Thermal shutdown is activated due to high die

temperature.
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SYSTEM FAILURE DETECTION

normally used for detecting an overtemperature fault. The

When manufacturing a power supply, elements can becontroller operates normally while the Fault piitage is
accidentally shorted or improperly soldered. Such failures maintained within the upper and lower fault thresholds.

can also occur as the system ages due to comdatigot,
excessive stress, soldering faults, or external interaction

Figure 26 shows the architecture of the Fault input.
The lower fault threshold is intended to be usedetiect

particular, gin can be grounded, left open, or shorted to an an overtemperature fault using an NTC thermistguiup
adjacent pin. Such open/short situations require a safecurrent sourcerhuitoTp) (typically 45.5uA) generates a
failure without smoke, fire, or loud noises. The NCP1615 voltage drop across the thermistor. The resistance of the
integrates functions that ease meeting this requirementNTC thermistor decreases at higher temperaturestires

Among them are:

® GND connection fault. If the GND pin is properly
connected, the supply current drawn from the pasiti
terminal of the VCC capacitor, flows out of the GND
pin and returns to the negative terminal of the VCC
capacitor. If the GND pin is disconnected, therimdé
ESD protection diodes provides a return path. Aenop
or floating GND pin is detected if current flowstime
CS/zZCD ESD diode. If current flow is detected for
200us, a fault is acknowledged and the controller stops
operating.

® Open CS/ZCD Pin: A pull-up current source,
Ics/zep(biasy) On the CS/ZCD pin allows detection of
an open CS/ZCD pingk/zcpy is typically 1uA. If the
pin is open, the voltage on the pin will increas¢he
supply rail. This condition is detected and thetoater
is disabled.

® Grounded CS/ZCD Pin: If the CS/ZCD pin is
grounded, the circuit cannot detect a ZCD transjtio
activating the watchdog timer (typically 206). Once
the watchdog timer expires, a pull-up current seurc
Ics/zcpa sources 25QA to pull-up the CS/ZCD pin.
The driver is inhibited until the CS/ZCD pin voltag
exceeds the ZCD arming threshold:c¥ rising)
typically 0.75 V. Therefore, if the pin is groundékle
voltage on the pin will not exceedz¥prising) and
drive pulses will be inhibited. The external impeda
should be above 3.4Xto ensure correct operation.

® Boost or bypass diode short. The NCP1615 addresses
the short situations of the boost and bypass di(ales
bypass diode is generally placed between the apait
output high-voltage rails to divert this inrush r@nt).
Practically, the overstress protection is impleradrib
detect such conditions and forces a low duty ratio
operation until the fault is removed.

FAULT INPUT

The NCP1615 includes a dedicated fault input adokessi
via the Fault pin. The controller can be latchegbtiing up
the pin above the upper fault thresholdraMiovp)
typically 3.0 V. The controller is disabled if the Fault pin
voltage, \Eauls is pulled below the lower fault threshold,
VEault@©oTp_iny typically 0.4 V. The lower threshold is

in a lower voltage across the thermistor. The controller
detects a fault once the thermistor voltage drops below
VEault(oTp_iny Versions A and @atch-off thecontroller after

an overtemperature faudt detected. Inersions B and D the
controller is re-enabled once the fault is remosech that
VEault increases above pduitoTpP_outy@nd Vec reaches
Vcc(ony Figure 27 shows typical waveforms related to the
latch version where—as Figure 28 shows wavefornithef
auto-recovery version.

An active clamp prevents the Fault pin voltage from
reaching the upper latch threshold if the pin is opemedch
the upper threshold, the external pull-up currexs to be
higher than the pull-down capability of the clanset(by
RFault(clamp)@t VFault(clamp)- The upper fault threshold is
intended to be used for an overvoltage fault using a Zener
diode and a resistor in series from the auxiliary winding
voltage, Myx . The controller is latched once-(,:exceeds
VEault(OVP)

The Fault input signal is filtered to prevent noise from
triggering the fault detectors. Upper and loweltfdatector
blanking delays gtiay(ovr)and telay(oTp)are both typically
30us. A fault is detected if the fault condition iseded for
a period longer than the blanking delay.

The controller bias current is reduced during powgeby
disabling most of the circuit blocks includingaliyoTr)
This current source is enabled onggc\Yeaches ¥c(ony A
bypass capacitor is usually connected betweenahk &d
GND pins and it will take some time foreytto reach its
steady state value oncgaliotp)is enabled. To prevent
false detection of an OTP fault during power up, acied
timer, biankoTpP) blanks the OTP signal during power up.
The biank(oTp) duration is typically 5 ms. In versions B and
D, Iraut(oTp) remains enabled while the lower fault is
present independent of¢ in order to provide temperature
hysteresis.daur(oTp)is disabled once the fault is removed.
The controller can detect an upper fault (i.e. overvoltage)
once \cc exceeds ¥c(reset)

Once the controller is latched, it is reset if a brownout
condition is detected or if 3¢ is cycled down to its reset
level, Vec(reset) IN the typical application these conditions
occur only if the ac voltage is removed from thstegn. The
internal latch also resets once the controllerrsnewer
saving mode. Prior to reaching:¥(reset)Vfault(clamp)is Sét
ato V.
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VAUX

: blanking
' Voo [ tdelay(OVP) 5 Q> Latch
: T VFault(OVP)
, IFault(OTP) = R
Fault '_LI
L1 __0' } blanking
| +.
: VFault(oP) = 1 Hysteresis ‘delay(OTP) : 753
— NT; | % : Control blanking Option 1 ﬁalo
Thermistor | RFault(clamp) . tblank(OTP) —Startup : ==
I an
] v : : Auto-restart
1 1 I Fault(clamp) = = = = = = = = m - —m——m - - - - * 1 Control [ Auto-restart
= = I
Figure 26. Fault Detection Schematic
VCC A
Vece(on) S
Vee(off)

Start-up
initiated by
VCC(on)

time
Internal Latch Signal Latch signal Noise spike
4+ high durin
pre—gstart phgse blanked

time

QDRV 4 Switching Latch-off
allowed (no

latch event)

\/

Figure 27. Latch—off Function Timing Diagram

time
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Ve,
Vecion)

Vec(off)

VFault f
VFauIt(cIamp)

VEaultoTP) *
VFault(OTPHYS)

VFault(OTP)

> = tdelay(Fault_OTP) \
i

R
! '~ Iault(oTP) is enabled
: :A/.r/ ault(OTP)

oTP i o OTP Fault Detected laultOTP) s disabled _ | o
Fault N ' ",/ I (TP Fault
Aol : n
time -
Figure 28. OTP Auto—Recovery Timing Diagram
STANDBY OPERATION ADJUSTABLE BULK VOLTAGE HYSTERESIS
A signal proportional to the downstream convertgpot The bulk restart threshold allows the user to enable the

power is applied to the STDBY pin to enable standlioge bulk level at which the controller exits standbydaoThe
operation. A STDBY voltage below the standby thodgh restart threshold is set at 2% below the interaefdrence,
Vstandby typically 300 mV, forces the controller into a Vggr The ratio betweenptrand the restart level is given
controlled burst mode, or standby mode. by Krestart The user can set a restart level of 2% below the
In standby mode, the driver is disabled until the bulk regulation level without using additional components as
voltage falls below the bulk restart level. At which poihe shown in Figure 30. If a different restart level is desired, a
driver is re—enabled. The bulk restart level determines theresistor network can be used as shown in Figure 31.
minimum bulk voltage in standby mode. As long as the
STBY pin voltage is below the standby threshold th Vbulk
controller will operate in controlled burst mode.

The controller is not allowed to enter standby matide

1
|
|
I
| Error
1

the PFCOK signal is low. A dedicated timgfatk(sToBY) F. R Amplifier
blanks thestandby signal for 1 ms (typically) right after the T ol 18
PFCOK signal transitions high. This ensures the signal P . VREF £
proportional to the downstream converter outputgroas L : -l—
enough time to build up and prevent disabling the PR&wh - o T 098"Vger N Restart_OK
poweringup the downstream converter. The standby circuit é 5 >—>
block is shown in Figure 29. : 'Bé

STDBY :

1

Figure 30. Minimum Restart Level Configuration

i Vstandby

- J Q DRV Disable
In_Regulation—
R
Restart = |_
b2 t
IRestart L PFC_OK blank(STDBY
I 0.98*VReR

Figure 29. Standby Circuit Block
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=
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P—‘VV\ITVVV—'!:
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@

Error
Amplifier

1 ~
| -

l g

I VRer =

- :lFB(SNK) =
! =) * Restart_OK
Restart 0.98*VREF —

- % 'z
—_

|restart(bias) :

HFAW—— W

Figure 31. Restart Level Adjustment

A pull-down current sourceyektart(bias) Pulls the Restart
pin down to ground if it is left open. This triggehe open
pin protection and disables the controller.

LINE REMOVAL (ALL VERSIONS EXCEPT A1)
Safetyagency standards require the input filter capagitor

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

A timer, fine(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 atpasslope
is detected. Once the timer expires, a line remowadlition
is acknowledged initiating an X2 capacitor disclearg

Once the controller detects the absence of the ac line
voltage, the controller is disabled and the PFCOK signal
transitions low.

A second timer;ihe(dischargeftypically 32 ms), is used for
the time limiting of the discharge phase to protieetdevice
against overheating. Once the discharge phaseriplete,
tiine(discharge)S reused while the device checks to see if the
line voltage is reapplied. The discharging proéssyclic
and continues until the ac line is detected agaiheovoltage
across the X2 capacitor is lower thapischarge)(30 V
maximum). This feature allows the device to discharge large
X2 capacitors in the input line filter to a safedé It is
important to notethat the HV pin cannot be connected
to any dc voltage dueto thisfeature, i.e. directly to bulk
capacitor.

The diodes connecting the AC line to the HV pindto

to be discharged once the ac line voltage is removed. Abe placed after the system fuse. A resistor in s@vith the
resistor network is the most common method to meet thisdiodes is recommended to limit the current durragsgient

requirement. Unfortunately, the resistor networkstones

events. A low value resistor (< X2 should be used to

power across all operating modes and it is a majorreduce the voltage drop and thus allow more accurate

contributor of input power losses during light-loadd
no-load conditions.

measurement of thaput voltage when the start-up circuit
is enabled.

The NCP1615 eliminates the need of external discharge Larger resistor values may be used to improve surge

resistors by integrating active input filter capacitor
dischargecircuitry. A novel approach is used to reconfigure
the high voltage start—up circuit to discharge thput filter

immunity, however, care must be taken to avoid falsely
triggering brownout during start-up. A maximungy
capacitor of 221F + 20% ensures that brownout will never

capacitors upon removal of the ac line voltage. The line be triggered during start-up.

removal detection circulitry is always active toumessafety
compliance.
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Timer Timer
St}l‘___ts Restarts
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Timer No AC Detection
Expires
Timer 5
m—
< g < >
tllna{romoval: “ tline:dlscnarge} \
time

DRV [ eviceisstopped

" X2 Discharge X2 Discharge time
X2 Discharge Pl
Current
¢ > + P>
tiine(discharge) tiine(discharge)
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r s
Vee
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Figure 32. Line Removal Timing
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AC AC time
Timer Timer
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o
AC
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tdlnn[mmmral} \ \
time
DRV Device is stopped k
A X2 Discharge | time
X2 Discharge
Current
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time
r
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Vecdiseharge) / >
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Figure 33. Line Removal Timing with AC Reapplied

WWW. onsemi.com

33



 http://www.onsemi.com/

Ve DISCHARGE (VERSIONS C AND D ONLY)

NCP1615

If the downstream converter is latched due to i, fawill
require the supply voltage to be removed to reket t

controller. Depending on the supply capacitor and current
consumption, this may take a significant amount of time

14 Pin Vbulk

Vbulk
PFCFB

after the line voltage is removed. The NCP1615 uses the  R3 HVFB Switch

voltage athe HV pin to detect a line removal and discharge
the Vcc capacitor, effectively resetting the downstream

converter.

Immediately following the X2 discharge phase;Ads
discharged by aurrent sink, ¢c(discharge)typically 23 mA.

The current sink is disabled and the device is allowed to

restart once ¥c to falls down to c(discharge)(® V
maximum). This operation is shown in Figure 32.

If the ac line is reapplied during the X2 dischaphase,
the device will immediately enter the-¥ discharge phase

as shown in Figure 33. The device will not restart until the  The maximum on resistance of the PFC FB Switch,
Vcc discharge phase is completed angc\tharges to

VCC(on)

FEEDBACK DISCONNECT

The PFC output voltage is typically sensed usiresestor
divider comprised of R3 and R4 as shown in FigdreTdie
resistor divider consumes power when the PFC stage iStepmpERATURE SHUTDOWN
disabled. Versions C and D of the NCP1615 integrate a an internal thermal shutdown circuit monitors the
700 V switch, PFC FB Switch, between the HVFB and FB jnctiontemperature of the IC. The controller is disabfed i
pins.The PFC FB Switch connects in series between R3 antpe junction temperature exceeds the thermal shutdo
R4 to disconnect the resistors and reduce inpuepaien

the PFC stage is in PSM or latched mode.

I
—_— : l—<—EnabIe PFC
1

Figure 34. PFC FB Switch

RpFBswitch(ony IS 10 K2. Because the PFC FB Switch is in
series with R3 and R3's value is several orders of
magnitudes larger, the switch introduces minimal error on
the regulation level. The off state leakage curoétiie PFC

FB Switch, brgswitch(off) iS less than 8A.

threshold, Expn, typically 150GC. A continuous ¥c
hiccup isinitiated after a thermal shutdown fault is detdcte
The controller restarts at the next}{on) once the IC
temperature drops below belowsdpy by the thermal
shutdown hysteresis sfipn(Hys) typically SCC.

The thermal shutdown fault is also cleared ga\drops
below Vcc(resey Or if @ brownout/line removal fault is
detected. Aew power up sequences commences at the next
Vceonyonce all the faults are removed.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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SOIC-16 NB, LESS PIN 15
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ISSUE O
SCALE 1:1 DATE 28 JAN 2011

< D ~}—|: NOTES:
16 Bl 1. DIMENSIONING AND TOLERANCING PER ASME
E

_H H H!H H H ﬁ Y14.5M, 1994,

2. CONTROLLING DIMENSION: MILLIMETERS.

3. DIMENSION b DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE PROTRUSION SHALL BE
O .
SRR
RN ;
$025®|B® —>| |<—e —>H<—15xb

0.13 TOTAL IN EXCESS OF THE b DIMENSION AT
o [®]025®[T[AG[BE)

MAXIMUM MATERIAL CONDITION.
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PROTRUSIONS.
5. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.

MILLIMETERS
| DIM[ MIN | MAX
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035 | 049
019 | 025
9.80 | 10.00
380 | 4.00
1.27BSC
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025 | 050
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4. DIMENSIONS D AND E DO NOT INCLUDE MOLD
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GENERIC
SOLDERING FOOTPRINT MARKING DIAGRAM*
| 6.40 6ff AAHHAA

’ XXXXXXXXXXXXG
15% 1.1 2~\-—> XXXXXXXXXXXKK
L= 16 ] —

15)(:' 1idHHHHHHEH

¥ XXXXX = Specific Device Code
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(- ! (- A = Assembly Location

— 3 WL = Wafer Lot
Y = Year
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ww = Work Week

] | — 1.27 G = Pb-Free Package

] N g PITCH *This information is generic. Please refer

to device data sheet for actual part
s 99—+ T marking. Pb-Free indicator, “G”, may

or not be present.

DIMENSIONS: MILLIMETERS

. Electronic versions are uncontrolled except when accessed directly from the Document Repository.
DOCUMENT NUMBER: 98A0ON55422E Printed versions are uncontrolled except when stamped “CONTROLLED COPY” in red.

DESCRIPTION:| SOIC-16 NB, LESS PIN 15 PAGE 1 OF 1

ON Semiconductor and J are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor reserves the right to make changes without further notice to any products herein. ON Semiconductor makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability arising out of the application or use of any product or circuit, and specifically
disclaims any and all liability, including without limitation special, consequential or incidental damages. ON Semiconductor does not convey any license under its patent rights nor the
rights of others.

© Semiconductor Components Industries, LLC, 2019 www.onsemi.com



onsemi, ONSEML, and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as-is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/or specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized for use as a critical component in life support systems
or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should
Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

ADDITIONAL INFORMATION

TECHNICAL PUBLICATIONS: ONLINE SUPPORT: www.onsemi.com/support
Technical Library: www.onsemi.com/design/resources/technical-documentation For additional information, please contact your local Sales Representative at
onsemi Website: www.onsemi.com www.onsemi.com/support/sales



https://www.onsemi.com/site/pdf/Patent-Marking.pdf
https://www.onsemi.com/design/resources/technical-documentation
https://www.onsemi.com/
https://www.onsemi.com/support?utm_source=techdocs&utm_medium=pdf
https://www.onsemi.com/support/sales

