NCP1612

Enhanced, High-Efficiency
Power Factor Controller

The NCP1612 is designed to drive PFC boost stages based on an
innovative Current Controlled Frequency Fold-back (CCFF) method.
In this mode, the circuit classically operates in Critical conduction
Mode (CrM) when the inductor current exceeds a programmable
value. When the current is below this preset level, the NCP1612
linearly decays the frequency down to about 20 kHz when the current
is null. CCFF maximizes the efficiency at both nominal and light load.
In particular, the stand-by losses are reduced to a minimum.

Like in FCCrM controllers, an internal circuitry allows near-unity
power factor even when the switching frequency is reduced. Housed in
a SO-10 package, the circuit also incorporates the features necessary
for robust and compact PFC stages, with few external components.

General Features

® Near-unity Power Factor

e Critical Conduction Mode (CrM)

e Current Controlled Frequency Fold-back (CCFF): Low Frequency
Operation is Forced at Low Current Levels

® On-time Modulation to Maintain a Proper Current Shaping in CCFF
Mode

e Skip Mode Near the Line Zero Crossing

Fast Line/Load Transient Compensation

(Dynamic Response Enhancer)

Valley Turn On

High Drive Capability: 500 mA/+800 mA

Vcc Range: from 9.5V to 35V

Low Start-up Consumption

A and Al Versions: Low V¢c Start-up Level (10.5 V),

B Version: High V¢ Start-up Level (17.0 V)

Line Range Detection

e pfcOK Signal

® This is a Pb-Free Device

Safety Features
® Separate Pin for Fast Over-voltage Protection (FOVP)

e Soft Over-voltage Protection o
® Brown-out Detection [
e Soft-start for Smooth Start-up Operation o

(A and Al Versions)
® Qver Current Limitation
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x=A,AlorB
A = Assembly Location
L = Wafer Lot
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] = Pb-Free Package
PIN CONNECTIONS
FOVP/BUV Q1 O pfcOK
Feedback FO Ve
Veontrol B3 Fo DRV
Vsense o GND
FFcontrol o ko CS/ZCD
(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 29 of this data sheet.

Low Duty-cycle Operation if the Bypass Diode is
and Bulk Under-voltage Detection (BUV) shorted

Open Ground Pin Fault Monitoring

Saturated Inductor Protection

Detailed Safety Testing Analysis
(Refer to Application Note AND9079/D)

Typical Applications

e Disable Protection if the Feedback and FOVP/BUV
pins are not connected

e Thermal Shutdown

e | atched Off Capability
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Figure 1. Typical Application Schematic
Table 1. MAXIMUM RATINGS
Symbol Pin Rating Value Unit
Vee 9 Power Supply Input -0.3, +35 \Y,
FOVP/BUV 1 FOVP/BUV Pin -0.3, +10 \
Feedback 2 Feedback Pin -0.3, +10 \Y
VcoNTROL 3 VcontroL Pin (Note 1) =0.3, VconTrOLMAX \
Vsense 4 Vsense Pin (Note 5) -0.3, +10 \
FFcontrol 5 FFcontrol Pin -0.3, +10 \
CS/zZCD 6 Input Voltage -0.3, +35 \%
Current Injected to Pin 4 (Note 4) +5 mA
DRV 8 Driver Voltage (Note 1) —-0.3, Vprv \%
Driver Current -500, +800 mA
pfcOK 10 pfcOK Pin -0.3, +10 \%
Power Dissipation and Thermal Characteristics
Pp Maximum Power Dissipation @ Tp = 70°C 550 mwW
Roia Thermal Resistance Junction-to-Air 145 °C/W
Ty Operating Junction Temperature Range —40 to +125 °C
T imax Maximum Junction Temperature 150 °C
Tsmax Storage Temperature Range —65 to 150 °C
TLmax Lead Temperature (Soldering, 10s) 300 °C
MSL Moisture Sensitivity Level 1 -
ESD Capability, Human Body Model (Note 2) > 2000 \
ESD Capability, Machine Model (Note 2) > 200 \%
ESD Capability, Charged Device Model (Note 2) 2000 \%

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. "VconTROLMAX! is the pin3 clamp voltage and “Vpry" is the DRV clamp voltage (Vprvhigh)- If Vcc is below Vpryhigh, “Vbrv” is Vee:
2. This device(s) contains ESD protection and exceeds the following tests:
Human Body Model 2000 V per JEDEC Standard JESD22-A114E
Machine Model Method 200 V per JEDEC Standard JESD22-A115-A
Charged Device Model Method 200 V per JEDEC Standard JESD22-C101E
3. This device contains latch-up protection and exceeds 100 mA per JEDEC Standard JESD78.
4. Maximum CS/ZCD current that can be injected into pin6 (see Figure 2).
5. Recommended maximum Vgepge VOItage for optimal operation is 4.5 V.
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Figure 2.

Table 2. TYPICAL ELECTRICAL CHARACTERISTICS
(Conditions: V¢ = 15V, T3 from —40°C to +125°C, unless otherwise specified)

Symbol Rating | Min | Typ | Max | Unit |
START-UP AND SUPPLY CIRCUIT

Vec(on) Start-up Threshold, V¢ increasing: \Y,
A and Al versions 9.75 10.50 11.25
B version 15.80 17.00 18.20

Vee(off) Minimum Operating Voltage, V¢ falling 8.5 9.0 9.5

VeeHysT) Hysteresis (Vcc on) — Vec eff))

A and Al versions 0.75 1.50 -
B version 6.00 8.00 -

Vece(reset) Vcc level below which the circuit resets 2.5 4.0 6.0 \Y
lcc(start) Start-up Current, Vgc = 9.4 V - 20 50 A
lccop)t Operating Consumption, no switching (Vsense pin being grounded) - 0.5 1.0 mA
lcc(op)2 Operating Consumption, 50 kHz switching, no load on DRV pin - 2.0 3.0 mA

CURRENT CONTROLLED FREQUENCY FOLD-BACK
ToT1 Dead-time, Vercontrol = 2.60 V (Note 6) - - 0 us
Tor2 Dead-time, Vircontrol = 1.75 V 14 18 22 us
Tors Dead-time, Vircontrol = 1.00 V 32 38 44 us
IbT1 FFcontrol Pin current, Vsgnse = 1.4 V and Vggntrol maximum 180 200 220 UA
IbT2 FFcontrol Pin current, Vsgnse = 2.8 V and Vggntrol maximum 110 135 160 UA
VsKIP-H FFcontrol pin Skip Level, Vercontrol Tising - 0.75 0.85
Vskip-L FFcontrol pin Skip Level, Vrreontrol falling 0.55 0.65 -
VsKip-L FFcontrol pin Skip Hysteresis 50 - - mV
GATE DRIVE
TR Output voltage rise-time @ C, = 1 nF, 10-90% of output signal - 30 - ns
Te Output voltage fall-time @ C_ = 1 nF, 10-90% of output signal - 20 - ns
RoH Source resistance - 10 - Q
RoL Sink resistance - 7.0 - Q
Isource Peak source current, Vpry = 0 V (guaranteed by design) - 500 - mA
IsINK Peak sink current, Vpry = 12 V (guaranteed by design) - 800 - mA
VDRViow DRV pin level at Vcc close to Ve ff) with a 10 kQ resistor to GND 8.0 - -
VDRvhigh DRV pin level at Ve =35 V (R = 33 kQ, C, = 220 pF) 10 12 14
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Table 2. TYPICAL ELECTRICAL CHARACTERISTICS (continued)

(Conditions: Ve

=15V, T; from —-40°C to +125°C, unless otherwise specified)

Symbol Rating Min | Typ | Max | Unit |
REGULATION BLOCK
VREF Feedback Voltage Reference: \%
@ 25°C 2.44 2.50 2.54
Over the temperature range 2.42 2.50 2.54
lEa Error Amplifier Current Capability - +20 - uA
Gea Error Amplifier Gain 110 220 290 uS
VconTroL | VeonTroL Pin Voltage: \
~VeoNTROLMAX | =@ Vpg =2V - 45 -
~VeonTROLMIN | =@ Veg =3V - 0.5 -
VouTtL/VRer Ratio (Voyt Low Detect Threshold/VRrgg) (guaranteed by design) 95.0 95.5 96.0 %
HouTtL/VRer Ratio (Voyt Low Detect Hysteresis/Vrer) (Quaranteed by design) - - 0.5 %
IBoOST VconTtroL Pin Source Current when (Voyt Low Detect) is activated 180 220 250 HA
CURRENT SENSE AND ZERO CURRENT DETECTION BLOCKS
Vesith) Current Sense Voltage Reference 450 500 550 mV
TLEB,0oCP Over-current Protection Leading Edge Blanking Time (guaranteed by design) 100 200 350 ns
TLEB,OVS “OverStress” Leading Edge Blanking Time (guaranteed by design) 50 100 170 ns
Tocp Over-current Protection Delay from Vesjzcp > Vesith) to DRV low - 40 200 ns
(dVes/zep ! dt = 10 Vius)
Vzep(thyH Zero Current Detection, Vcs/zep rising 675 750 825 mV
Vzebp(th)L Zero Current Detection, Vcg/zcp falling 200 250 300 mV
Vzep(hyst) Hysteresis of the Zero Current Detection Comparator 375 500 - mV
Rzcpics Vzep(thyH Over Ves(in) Ratio 14 15 1.6 -
VeL(pos) CS/ZCD Positive Clamp @ Ics/zcp =5 mA - 15.6 - \
IzcD(bias) Current Sourced by the CS/ZCD Pin, Vcsjzep = Vzep ghH 0.5 - 2.0 uA
IzcD(bias) Current Sourced by the CS/ZCD Pin, Vcsizep = Vzepgh) 0.5 - 2.0 uA
Tzep (Vesizep < Vzepgh)L) to (DRV high) - 60 200 ns
Tsync Minimum ZCD Pulse Width - 110 200 ns
Twbe Watch Dog Timer 80 200 320 us
Twbc(0s) Watch Dog Timer in “Overstress” Situation 400 800 1200 us
Ttmo Time-out Timer 20 30 50 us
Izcb(gnd) Source Current for CS/ZCD pin impedance Testing - 250 - HA
STATIC OVP
Dwmin Duty Cycle, Vg = 3V, Veontrol PIN 0pen - | - | 0 %
ON-TIME CONTROL
ToN(LL) Maximum On Time, Vsegnse = 1.4 V and Vggntroi maximum (CrM) 22.0 25.0 29.0 us
Ton(LL)2 On Time, Vsense = 1.4 V and Veontrol = 2.5 V (CrM) 10.5 12.5 14.0 us
ToN(HL) Maximum On Time, Vsegnse = 2.8 V and Vggntroi maximum (CrM) 7.3 8.5 9.6 us
TON(LL)(MIN) Minimum On Time, Vsense = 1.4 V (not tested, guaranteed by characterization) - - 200 ns
TON(HL)(MIN) Minimum On Time, Vsense = 2.8 V (not tested, guaranteed by characterization) - - 100 ns
FEED-BACK OVER AND UNDER-VOLTAGE PROTECTION (SOFT OVP AND UVP)
Rsoftovp Ratio (soft OVP Threshold, Vg rising) over VRer (Vsoftovp/VREF) 104 105 106 %
(guaranteed by design)
Rsoftovp(HysT) | Ratio (Soft OVP Hysteresis) over Vrer (guaranteed by design) 15 2.0 25 %
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Table 2. TYPICAL ELECTRICAL CHARACTERISTICS (continued)

(Conditions: Ve

=15V, T; from —-40°C to +125°C, unless otherwise specified)

Symbol Rating | Min | Typ | Max | Unit |
FEED-BACK OVER AND UNDER-VOLTAGE PROTECTION (SOFT OVP AND UVP)
Ruvp Ratio (UVP Threshold, Vgg rising) over VRer (Vuvp/VREF) 8 12 16 %
(guaranteed by design)
Ruvp(HYST) Ratio (UVP Hysteresis) over VRer (guaranteed by design) - - 1 %
(I8)FB FB Pin Bias Current @ Vrg = Vsoftovp and Veg = Vyvp 50 200 450 nA
FAST OVER VOLTAGE PROTECTION AND BULK UNDER-VOLTAGE PROTECTION (FAST OVP AND BUV)
Vtastovp Fast OVP Threshold, Vroyp/guy rising 2.560 2.675 2.750 \Y
Rfastovp1 Ratio (Fast OVP Threshold, VFoyp/gyy rising) over (soft OVP Threshold, 1015 102.0 102.5 %
Vs rising) (Viastovp/Vsoftove) (uaranteed by design)
Rfastovp2 Ratio (Fast OVP Threshold, VFoyp/guy rising) over VRer (Viastovp/VREF) 106 107 108 %
(guaranteed by design)
Veuv BUV Threshold, Vkovp/gyy falling \%
NCP1612A, NCP1612B 1.80 1.90 2.00
NCP1612A1 0.90 1.00 1.10
Reuv Ratio (BUV Threshold, Vroyp/guy falling) over VRer (Veuv/VREF) %
NCP1612A, NCP1612B 74 76 78
NCP1612A1 37 40 43
(guaranteed by design)
(I8)Fove/BUV FOVP/BUV Pin Bias Current @ Vrovp/Buv = Viastove and Veove/suv = Veuv 50 200 450 nA
Vyvp2 Threshold for Floating Pin Detection 0.2 0.3 0.4 \%
BROWN-OUT PROTECTION AND FEED-FORWARD
VBOH Brown-out Threshold, Vgense rising 0.96 1.00 1.04 \%
VoL Brown-out Threshold, Vgense falling 0.86 0.90 0.94 \%
VBO(HYST) Brown-out Comparator Hysteresis 60 100 - mV
TBO(blank) Brown-out Blanking Time 35 50 65 ms
IconTrROL(BO) | VconTroL Pin Sink Current, Vsense < VeoL 40 50 60 uA
A" High-line Detection Comparator Threshold, Vgense rising 2.1 2.2 2.3
Vi High-line Detection Comparator Threshold, Vsense falling 1.6 17 1.8
VHL(hyst) High-line Detection Comparator Hysteresis 400 500 600 mV
THL(blank) Blanking Time for Line Range Detection 15 25 35 ms
IBO(bias) Brown-out Pin Bias Current, Vsense = VBo —-250 - 250 nA
pfcOK SIGNAL
(Vpfcok)L pfcOK low state voltage @ Ipicok =5 MA - - 250 mV
VsTpwN Shutdown Threshold Voltage 7.0 7.5 8.0 \%
Rpfcok Impedance of the pfcOK pin 150 300 - kQ
THERMAL SHUTDOWN
Tumit Thermal Shutdown Threshold - 150 - °C
Hremp Thermal Shutdown Hysteresis - 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.
6. There is actually a minimum dead-time that is the delay between the core reset detection and the DRV turning on (Tzcp parameter of the

“Current Sense and Zero Current Detection Blocks” section).
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Table 3. DETAILED PIN DESCRIPTION

Pin Number

Name

Function

1

FOVP/BUV

Vping is the input signal for the Fast Over-voltage (FOVP) and Bulk Under-voltage (BUV)
comparators. The circuit disables the driver if Vpiy, exceeds the FOVP threshold which is set
2% higher than the reference for the soft OVP comparator (that monitors the feedback pin) so
that pins 1 and 2 can receive the same portion of the output voltage.

The BUV comparator trips when Vpiny drops below 76% of the 2.5-V reference voltage (in A
and B versions, 40% of the 2.5 V reference voltage in the NCP1612A1) to disable the driver
and ground the pfcOK pin. The BUV function has no action whenever the pfcOK pin is in low
state. As a matter of fact, pinl monitors the output voltage and checks if it is high enough for
proper operation of the downstream converter.

A 250 nA sink current is built-in to ground the pin and disable the driver if the pin is accidentally
open.

Feedback

This pin receives a portion of the PFC output voltage for the regulation and the Dynamic
Response Enhancer (DRE) that drastically speeds-up the loop response when the output
voltage drops below 95.5% of the desired output level.

Vpin2 is also the input signal for the Over-voltage (OVP) and Under-voltage (UVP)
comparators. The UVP comparator prevents operation as long as Vpin2 is lower than 12% of
the reference voltage (Vrer)- A soft OVP comparator gradually reduces the duty-ratio to zero
when Vpino exceeds 105% of Vrer (soft OVP).

A 250 A sink current is built-in to trigger the UVP protection and disable the part if the feedback
pin is accidentally open.

VconTROL

The error amplifier output is available on this pin. The network connected between this pin and
ground adjusts the regulation loop bandwidth that is typically set below 20 Hz to achieve high
Power Factor ratios.

Pin 3 is grounded when the circuit is off so that when it starts operation, the power increases
slowly to provide a soft-start function.

VSENSE

A portion of the instantaneous input voltage is to be applied to pin4 in order to detect brown-out
conditions. If Vpin4 is lower than 1 V for more than 50 ms, the circuit stops pulsing until the pin
voltage rises again and exceeds 1 V.

This pin also detects the line range. By default, the circuit operates the “low-line gain” mode.

If Vping €xceeds 1.8 V, the circuit detects a high-line condition and reduces the loop gain by 3.
Conversely, if the pin voltage remains lower than 1.8 V for more than 25 ms, the low-line gain
is set.

Connecting the pin 4 to ground disables the part once the 50-ms blanking time has elapsed.

FFconTrROL

This pin sources a current representative to the line current. Connect a resistor between pin5
and ground to generate a voltage representative of the line current. When this voltage exceeds
the internal 2.5 V reference (VRreg), the circuit operates in critical conduction mode. If the pin
voltage is below 2.5 V, a dead-time is generated that approximately equates

[66 us o (1 - (Vpins/VReF))]- By this means, the circuit forces a longer dead-time when the
current is small and a shorter one as the current increases.

The circuit skips cycles whenever Vpins is below 0.65 V to prevent the PFC stage from
operating near the line zero crossing where the power transfer is particularly inefficient. This
does result in a slightly increased distortion of the current. If superior power factor is required,
offset pin 5 by more than 0.75 V offset to inhibit the skip function.

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).

Ground

Connect this pin to the PFC stage ground.

Drive

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.

Vee

This pin is the positive supply of the IC. The circuit starts to operate when V¢ exceeds 10.5 V
(A and Al versions, 17.0 V for the B version) and turns off when V¢ goes below 9.0 V (typical
values). After start-up, the operating range is 9.5 V up to 35 V. The A and A1l versions are
preferred in applications where the circuit is fed by an external power source (from an auxiliary
power supply or from a downstream converter). Its maximum start-up level (11.25 V) is set low
enough so that the circuit can be powered from a 12-V rail. The B version is optimized for
applications where the PFC stage is self-powered.

10

pfcOK

This pin is grounded until the PFC output has reached its nominal level. It is also grounded if
the NCP1612 detects a fault. For the rest of the time, i.e., when the PFC stage outputs the
nominal bulk voltage, pin10 is in high-impedance state.

This circuit latches off if pin10 exceeds 7.5 V.
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6



 http://www.onsemi.com/

NCP1612

Vref
12%Vref . 14 Internal
FB hyst<1%Vref wp Thermal
[ - Shutdown
UvP2 TsD | \STDWN
P
SoftovP BO_fault BO_NoK
OFF
105%*Vref / - N
103‘,/: “Vref [ j < t\\ staticOVP
Dynamic Response preoK | 200 pA Vee(on) / Vee(off)
Enhancer
Fault OFF Vee_OK
management >
0.955*Vref
hyst<0.5%Vre:
Error Amplifi fastOVP -1 107% Vref
e S 0.5 bottom clamp - 71 hystetnovret FOVP / BUV
+/-20pA D
Vref vbb
BUVcomp
Veontrol % OvLflagt BUV -
1 ] & +\76% Vref
+ ;
OFF staticOVP pfcOK |
S 0.8V (0.5-V bottom
clamp L
is activated) + -
= 0.5V UvP2
& —< VRecuL = 03V
BONOK /—s
= ocP GND
STOP fastOVP N
staticOVP /—r ‘} p—
staticOVP
BW /s
LBUVQ BUV_fault OFF
staticOVP /—r DT
I Overstress
Vton
SKIP processing
circuitry CLK
softOVP Vce
— T_ T Output
T Vpwm s Buffer DRV
= B . .
1
Internal . R pwm J_—
LLine /— timing -
ramp
STOP
llso lIREGUL lmerstress ,L
DRV
DT
—
FFcontrol Current Information CLK DRV
D Generator and - l
dead-time control SKIP -
200-ns cs
ocP blanking
—~<—— Detection Y _time
of excessive
LLine [DRV |ZCD Overstress currents - s00mv
CCFF mode -~
(including SKIP function)
are inhibited whenever DRV
BUVcomp pfcOK_in is low
100-ns
OVLflag1 M blanking
Q Zcb hd time
OFF LpfcOK —H_
BUV. faul!<:D'R 7 TEmvy
- L/ pfcOK_in 250mv
pfcOK
All the RS latches are
RESET dominant LLine BO NOK
Brown-out
B and Line Range
Detection
e STDWN Iso
Vec(reset) Lstdwn > T
R r
BONOK
Vce_OK

Figure 3. Block Diagram
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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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Figure 22. Error Amplifier Transconductance
Gain vs. Temperature
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Figure 24. Ratio (Voyt Low Detect Hysteresis /
VReg) VS. Temperature
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Figure 26. Current Sense Voltage Threshold
vs. Temperature
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Figure 23. Ratio (Voyt Low Detect Threshold /
VRep) VS. Temperature
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Figure 25. VconTrOL Source Current when
(VouTt Low Detect) is Activated for Dynamic
Response Enhancer (DRE) vs. Temperature
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Figure 27. Over-current Protection Leading
Edge Blanking vs. Temperature
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Figure 28. “Overstress” Protection Leading Figure 29. Over-current Protection Delay from
Edge Blanking vs. Temperature Vesizep > Ves(thy to DRV Low (dVesjzep / dt =
10 V/us) vs. Temperature
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Figure 30. Zero Current Detection, Vcs/zcp Figure 31. Zero Current Detection, Vcs/zcp
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Figure 32. Hysteresis of the Zero Current
Detection Comparator vs. Temperature
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Figure 33. Vzcp(th) OVer Ves(th) Ratio vs.
Temperature
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Figure 34. CS/ZCD Pin Bias Current @ Vcs/zcp
=0.75V vs. Temperature
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Figure 36. Watchdog Timer in “Overstress”
Situation vs. Temperature
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Figure 38. (Vcsizep < Vzepith)) to DRV High)
Delay vs. Temperature
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Figure 35. Watchdog Timer vs. Temperature
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Figure 37. Minimum ZCD Pulse Width for ZCD
Detection vs. Temperature
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Figure 39. Timeout Timer vs. Temperature
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Figure 46. Ratio (fastOVP Threshold,
VEeove/suy Rising) over Vieg vs. Temperature

290

270

250

230

210

190

170

150
-50

-30 -10 10 30 50 70 90

T3, JUNCTION TEMPERATURE (°C)

Figure 48. Feedback Pin Bias Current @ Vg =
Vyvp Vs. Temperature
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Figure 50. Ratio (UVP Hysteresis) over Vier
vs. Temperature
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Figure 47. Feedback Pin Bias Current @ Vgpg =
Vovp VS. Temperature
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Figure 49. Ratio (UVP Threshold, Vgg Rising)
over VRer VS. Temperature
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Figure 51. Brown-out Threshold, Vgense
Rising vs. Temperature
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Figure 52. Brown-out Threshold, Vggnse
Falling vs. Temperature
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Figure 54. Brown-out Blanking Time vs.
Temperature
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Figure 56. Comparator Threshold for Line

Range Detection, Vgensg Rising vs.
Temperature
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Figure 53. Brown-out Comparator Hysteresis
vs. Temperature
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Figure 55. VconTtroL Pin Sink Current when a
Brown-out Situation is Detected vs.
Temperature
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Figure 57. Comparator Threshold for Line
Range Detection, Vggnsg Falling vs.
Temperature
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TYPICAL CHARACTERISTICS
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Figure 58. Blanking Time for Line Range Figure 59. Brown-out Pin Bias Current,
Detection vs. Temperature (Vsense = VBon) VS. Temperature
DETAILED OPERATING DESCRIPTION
Introduction large V¢ capacitors and help shorten the start-up time
The NCP1612 is designed to optimize the efficiency of without the need for too dissipative start-up elements.
your PFC stage throughout the load range. In addition, it The A and A1 versions are preferred in applications
incorporates protection features for rugged operation. More where the circuit is fed by an external power source
generally, the NCP1612 is ideal in systems where (from an auxiliary power supply or from a downstream
cost-effectiveness, reliability, low stand-by power and high converter). Its maximum start-up level (11.25 V) is set
efficiency are the key requirements: low enough so that the circuit can be powered from a
e Current Controlled Frequency Fold-back: the NCP1612 12 V rail. After start-up, the high Vcc maximum rating
is designed to drive PFC boost stages in so-called allows a large operating range from 9.5 V up to 35 V.
Current Controlled Frequency Fold-back (CCFF). In e pfcOK signal: the pfcOK pin is to disable/enable the
this mode, the circuit classically operates in Critical downstream converter. Grounded until the PFC output
conduction Mode (CrM) when the inductor current has reached its nominal level and whenever the
exceeds a programmable value. When the current is NCP1612 detects a fault, it is in high-impedance when
below this preset level, the NCP1612 linearly reduces the PFC stage outputs the nominal bulk voltage. In
the frequency down to about 20 kHz when the current addition, the circuit latches off if a voltage exceeding
is zero. CCFF maximizes the efficiency at both nominal 7.5 V is applied to pin 10.
and light load. In particular, stand-by losses are reduced e Fast Line/Load Transient Compensation (Dynamic
to a minimum. Similarly to FCCrM controllers, an Response Enhancer): since PFC stages exhibit low loop
internal mrcqltry_ allows near—u_nlty power factor even bandwidth, abrupt changes in the load or input voltage
when the switching frequency is reduced. (e.g. at start-up) may cause excessive over or
® Skip Mode: to further optimize the efficiency, the under-shoot. This circuit limits possible deviations from
circuit skips cycles near the line zero crossing when the the regulation level as follows:
current is very low. This is to avoid circuit operation - The soft and fast Over Voltage Protections firmly
when the power transfer is particularly inefficient at the contains the output voltage when it tends to become
cost of current distortion. When superior power factor excessive.
is required, this function can be inhibited by offsetting - The NCP1612 dramatically speeds-up the regulation
the “FFcontrol” pin by 0.75 V. loop when the output voltage goes below 95.5 % of
® | ow Start-up Current and large V¢ range (B version): its regulation level. This function is enabled only
The consumption of the circuit is minimized to allow after the PFC stage has started-up not to eliminate
the use of high-impedance start-up resistors to the soft-start effect.
pre-charge the V¢ capacitor. Also, the minimum value e Safety Protections: the NCP1612 permanently monitors
of the UVLO hysteresis is 6 V to avoid the need for the input and output voltages, the MOSFET current and
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the die temperature to protect the system from possible

over-stress making the PFC stage extremely robust and

reliable. In addition to the OVP protection, these
methods of protection are provided:

— Maximum Current Limit: the circuit senses the
MOSFET current and turns off the power switch if
the set current limit is exceeded. In addition, the
circuit enters a low duty-cycle operation mode when
the current reaches 150% of the current limit as a
result of the inductor saturation or a short of the
bypass diode.

— Under-voltage Protection: this circuit turns off when
it detects that the output voltage is below 12% of the
voltage reference (typically). This feature protects
the PFC stage if the ac line is too low or if there is a
failure in the feedback network (e.g., bad
connection).

— Detection of the output voltage improper level: the
“FOVP/BUV” monitors the output voltage.
Typically, the same portion of the output voltage is
applied as to the feedback pin. The circuit disables
the driver if the pin 1 voltage exceeds 102% of the
soft OVP threshold. The circuit also monitors the
output voltage to detect when the PFC stage cannot
maintain the bulk voltage at a high enough level

High Current
No Delay — CrM

Low Current
The Next Cycle is De-
layed

Lower Current
Longer Dead-time

(BUV situation). When the BUV function trips, the
“pfcOK” pin is grounded, to disable the downstream
converter.

- Brown-out 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 150°C (typically). The circuit
resumes operation once the temperature drops below
approximately 100°C (50°C hysteresis).

e Qutput Stage Totem Pole: the NCP1612 incorporates a

-0.5 A/+0.8 A gate driver to efficiently drive most

TO220 or TO247 power MOSFETS.

NCP1612 Operation Modes
As mentioned, the NCP1612 PFC controller implements
a Current Controlled Frequency Fold-back (CCFF) where:
® The circuit operates in classical Critical conduction
Mode (CrM) when the inductor current exceeds a
programmable value.
e \When the current is below this preset level, the
NCP1612 linearly reduces the operating frequency
down to about 20 kHz when the current is zero.

-
Timer Delay

Timer Delay

Figure 60. CCFF Operation

As illustrated in Figure 60, under high load conditions, the
boost stage is operating in CrM but as the load is reduced, the
controller enters controlled frequency discontinuous
operation.

Figure 61 details the operation. A voltage representative
of the input current (“current information”) is generated. If
this signal is higher than a 2.5 V internal reference (named
“Dead-time Ramp Threshold” in Figure 61), there is no
dead-time and the circuit operates in CrM. If the current
information is lower than the 2.5 V threshold, a dead-time
is inserted that lasts for the time necessary for the internal

ramp to reach 2.5 V from the current information floor.
Hence, the lower the current information is, the longer the
dead-time. When the current information is 0.75V, the
dead-time is approximately 45 us.

To further reduce the losses, the MOSFET turns on is
stretched until its drain-source voltage is at its valley. As
illustrated in Figure 61, the ramp is synchronized to the
drain-source ringing. If the ramp exceeds the 2.5 V
threshold while the drain-source voltage is below M, the
ramp is extended until it oscillates above M, so that the drive
will turn on at the next valley.
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] Drain-source Voltage
(A

Current preset level

Drive

! ‘Drain-source Voltage

i 4 o 16 vt )

Sum
(ramp+current
Information
exceeds the
preset level
level when the
drain-source
voltage is high

! => re-start at
¥ ) the next falling
; Drive

Current preset levell

edge

: Drain-source Voltage
LN S X \ (Vo)

Dead-time is
extended until
the next falling

edge

Top: CrM operation when the current information exceeds the preset level during the demagnetization phase

Middle: the circuit re-starts at the next valley if the sum (ramp + current information) exceeds the preset level during the dead-time, while
the drain-source voltage is high

Bottom: the sum (ramp + current information) exceeds the preset level while during the dead-time, the drain-source voltage is low. The
circuit skips the current valley and re-starts at the following one.

Figure 61. Dead-Time generation
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Current Information Generation

The “FFcontrol” pin sources a current that is
representative of the input current. In practice, Ipins is built
by multiplying the internal control signal (VreguL, i-€., the
internal signal that controls the on-time) by the sense voltage
(pin 4) that is proportional to the input voltage. The

multiplier gain (K, of Figure 62) is three times less in
high-line conditions (that is when the “LLine” signal from
the brown-out block is in low state) so that Ipins provides a
voltage representative of the input current across resistor
Rer placed between pin 5 and ground. Pin 5 voltage is the
current information.

Vsense PIN .
- !
IREGULl IBO l
I Viol lso
3 converter [ >
|1
VeontroL PIN I LLi
D I Multiplier &
| !
- cox\}grlter ] R’EGUL 7 Km ' IREGUL ' IBO
! 1 lrecu= K -Vrecul
. = SUM
FFcontrol pin )
[ RAMP
R
- - 0.75VvV/0.65V e

pfcOK

Figure 62. Generation of the Current Information

Skip Mode

As illustrated in Figure 62, the circuit also skips cycles
near the line zero crossing where the current is very low. A
comparator monitors the pin 5 voltage (“FFcontrol”
voltage) and inhibits the switching operation when Vpins is
lower than a 0.65 V internal reference. Switching resumes
when Vpins exceeds 0.75 V (0.1 V hysteresis). This function
prevents circuit operation when the power transfer is
particularly inefficient at the expense of slightly increased
current distortion. When superior power factor is needed,
this function can be inhibited offsetting the “FFcontrol” pin

by 0.75 V. The skip mode capability is disabled whenever
the PFC stage is not in nominal operation (as dictated by the
“pfcOK” signal — see block diagram and “pfcOK Internal
Signal” Section).

The circuit does not abruptly interrupt the switching when
Vpins goes below 0.65 V. Instead, the signal Vron that
controls the on-time is gradually decreased by grounding the
VrecuL signal applied to the Vron processing block (see
Figure 67). Doing so, the on-time smoothly decays to zero
in 3 to 4 switching periods typically. Figure 63 shows the
practical implementation.
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Zero Current Detection Dead-Time (DT) Ramp for DT Control
Detection
200-ps del
o > : T 5 o Lsum
L, ° 1
DRV /|7 tD L,® {>°* >k I
CS /ZCD pin DRV /|7 L =
Vzcd(thj
FFcontrol pin
N

TimeOut
delay

Y 2.5V

* 7 DRV

Clock Generation

Figure 63. CCFF Practical Implementation

CCFF maximizes the efficiency at both nominal and light stage transitions from the n valley to (n + 1) valley or vice
load. In particular, the stand-by losses are reduced to a versa from the n valley to (n — 1) cleanly as illustrated by
minimum. Also, this method avoids that the system stalls Figure 64.

between valleys. Instead, the circuit acts so that the PFC

N\ Drain Source Voltage
r\f (600 V/div)
2.5pus . - - -
Transition without hesitation
f 2.5-V Threshold
> —— ' 6

- Ramp = Vpin5

N

Input Voltage (20 V/div)

I1 1l I1 © DRV

A A Inductor Current

(500 mA/div)
, / A\ r\/ ’\/J N\ Al

v v

%
llllIIIIIIIIIIIlllIIlIlI:II

LI B

o
»

I
7.105m 7.110m 7.115m 7.120m 7.125m -

timnas im cammnde

Figure 64. Clean Transition Without Hesitation Between Valleys
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NCP1612 On-time Modulation

Let’s analyze the ac line current absorbed by the PFC
boost stage. The initial inductor current at the beginning of
each switching cycle is always zero. The coil current ramps
up when the MOSFET is on. The slope is (Vin/L) where L
is the coil inductance. At the end of the on-time (t1), the
inductor starts to demagnetize. The inductor current ramps
down until it reaches zero. The duration of this phase is (t2).
In some cases, the system enters then the dead-time (t3) that
lasts until the next clock is generated.

L

-
!

Vin

VA

-II—H—-F_

[
|

Vout

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

v t(t, +t,)
in = Yin 2TL

Where T = (t1 + tp + t3) is the switching period and V, is the
ac line rectified voltage.

(eq. 1)

In light of this equation, we immediately note that I, is
proportional to My, if [ty (t1 + tp) / T] is a constant.

Inductor current

time

Figure 65. PFC Boost Converter (left) and Inductor Current in DCM (right)

The NCP1612 operates in voltage mode. As portrayed by
Figure 66, the MOSFET on-time t; is controlled by the
signal Vo generated by the regulation block and an internal
ramp as follows:

C .
= o Yen (eq. 2)
Ich

The charge current is constant at a given input voltage (as
mentioned, it is three times higher at high line compared to
its value at low line). Gramp is an internal capacitor.

The output of the regulation block (VconTroL) iS linearly
transformed into a signal (VreguL) varying between 0 and
1V. (VreguL) is the voltage that is injected into the PWM
section to modulate the MOSFET duty-cycle. The NCP1612
includes some circuitry that processes (Vregul ) to form the
signal (Vi) that is used in the PWM section (see
Figure 67). (Vion) is modulated in response to the dead-time
sensed during the precedent current cycles, that is, for a
proper shaping of the ac line current. This modulation leads
to:

T Veecu

V =
on t, +t,

(eq. 3)

or
t+t,
— =
Given the low regulation bandwidth of the PFC systems,
(MconTroL) and then (Vregul) are slow varying signals.
Hence, the (Vion X (t1 + t2)/T) term is substantially constant.
Provided that in addition, (t1) is proportional to (Vion),
Equation 1 leads to: , where k is a constant. More exactly:

lip = k- Vi

ton REGUL

where:

V
k = constant = |:i . REGUL

: ton,max]

Where ton,max iS the maximum on-time obtained when
VrecuL is at its (VrRecuL)max maximum level. The
parametric table shows that tonmax IS equal to 25 us
(Ton(LL)) at low line and to 8.5 us (TongHL)) at high line
(when pin4 happens to exceeds 1.8 V with a pace higher than
40 Hz - see BO 25 ms blanking time).

Hence, we can re-write the above equation as follows:

(VREGUL)max

| = Vin * Ton ) VrecuL
2-L (Vreou) max
at low line.
| = Vin - TON(HL) . VeecuL
2-L (Vreour) max
at high line.

From these equations, we can deduce the expression of the
average input power:

2
(Vin,rms) * Veeoul TON(LL)

Pin,avg =
2-L- (VREGUL)max
at low line.
2
b (Vin,rms) " VeecuL TON(HL)
in,avg =
2-L- (VREGUL)max
at high line.

Where (VREGUL)max 1S the VReguL maximum value.
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Hence, the maximum power that can be delivered by the
PFC stage is:

(Vin,rms)2 ’ TON(LL)

(Pin,avg)max = 2. L
at low line.
2
(Vin,rms) 'TON(HL)
(Pin,avg)max = 2 L
at high line.

The input current is then proportional to the input voltage.
Hence, the ac line current is properly shaped.

One can note that this analysis is also valid in the CrM
case. This condition is just a particular case of this
functioning where (t3 = 0), which leads to (t; + t, = T) and
(VToN = VReGuL)- That is why the NCP1612 automatically

Internal timing
saw-tooth

AN

adapts to the conditions and transitions from DCM and CrM
(and vice versa) without power factor degradation and
without discontinuity in the power delivery.

PWM
Comparator

|ch

closed when

output low i

V.
“ton
/ / ramp voltage

PWM output

Tums off MOSFET

ton

V
Icramp

Figure 66. PWM circuit and timing diagram.

PWM
comparator

1+

to PWM latch

OA1 Vton
VReGUL> |+ T
R1 '
— A - ) < STOP
S3
c1 l
|1
IN1 T ) =
/ S1
-> Vton during (t1+t2) ocp
-> 0 V during t3 (dead-time) S2 &
-> Vton*(t1+t2)/T in average DT
p— (high during
i dead-time)

Figure 67. V1on Processing Circuit. The integrator OA1 amplifies the error between VrggyL and IN1
so that on average, (Vton * (t1+t2)/T) equates Viegul -

Remark:

The “VMion processing circuit” is “informed” when a
condition possibly leading to a long interruption of the drive
activity (functions generating the STOP signal that disables
the drive — see block diagram - except OCP, i.e., BUV_fault,
OVP, OverStress, SKIP, staticOVP and OFF). Otherwise,
such situations would be viewed as a normal dead-time
phase and Vion Would inappropriately over-dimension Vion
to compensate it. Instead, as illustrated in Figure 67, the Vion
signal is grounded leading to a short soft-start when the
circuit recovers.

Regulation Block and Low Output Voltage Detection

A trans-conductance error amplifier (OTA) with access to
the inverting input and output is provided. It features a
typical trans-conductance gain of 200 uS and a maximum
capability of £20 uA. The output voltage of the PFC stage
is typically scaled down by a resistors divider and monitored
by the inverting input (pin 2). Bias current is minimized
(less than 500 nA) to allow the use of a high impedance
feed-back network. However, it is high enough so that the
pin remains in low state if the pin is not connected.
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The output of the error amplifier is brought to pin 3 for
external loop compensation. Typically a type-2 network is
applied between pin 3 and ground, to set the regulation
bandwidth below about 20 Hz and to provide a decent phase
boost.

The swing of the error amplifier output is limited within
an accurate range:

e |t is forced above a voltage drop (VF) by some circuitry.
® |t is clamped not to exceed 4.0 V + the same Vg voltage
drop.

UVP Comparator

uvp
>
12% Vref /— +
Soft OVP Comparator
softOvP
j —
FB 105% Vref/—-
103% Vref
pfcOK | 200 pA
DRE comparator
& El >H I
0.955*Vref,— +
Error Amplifier SKIP
(low
+-20pA clamp +
voltage v
250 nA 1? Vref | 4 is activated) F
Vcontrol Ve 3R
] OFF
-

Hence, Vpin3 features a 4 V voltage swing. Vping is then
offset down by (Vk) and scaled down by a resistors divider
before it connects to the “Vyon processing block” and the
PWM section. Finally, the output of the regulation block is
a signal (“VreguL” of the block diagram) that varies
between 0 and a top value corresponding to the maximum
on-time.

The VE value is 0.5 V typically.

VREGUL

(VR EGU L) max

0 VCONTROL

Figure 68. a) Regulation Block Figure (left), b) Correspondence between VconTroL @nd Viregul (right)

Given the low bandwidth of the regulation loop, abrupt
variations of the load, may result in excessive over or
under-shoots. Over-shoot is limited by the soft Over-voltage
Protection (OVP) connected to the feedback pin or the fast
OVP of pinl.

The NCP1612 embeds a “dynamic response enhancer”
circuitry (DRE) that contains under-shoots. An internal
comparator monitors the feed-back (Vpin1) and when Vpin2
is lower than 95.5% of its nominal value, it connects a
200 wA current source to speed-up the charge of the
compensation network. Effectively this appears as a 10x
increase in the loop gain.

In A and Al versions, DRE is disabled during the start-up
sequence until the PFC stage has stabilized (that is when the
“pfcOK” signal of the block diagram, is high). The resulting
slow and gradual charge of the pin 3 voltage (VconTROL)
softens the soft start-up sequence. In B version, DRE is
enabled during start-up to speed-up this phase and allow for
the use of smaller Vcc capacitors.

The circuit also detects overshoot and immediately
reduces the power delivery when the output voltage exceeds
105% of its desired level. The NCP1612 does not abruptly
interrupt the switching. Instead, the signal Vron that

controls the on-time is gradually decreased by grounding the
VrecuL signal applied to the Vron processing block (see
Figure 67). Doing so, the on-time smoothly decays to zero
in 4 to 5 switching periods typically. If the output voltage
still increases, the fast OVP comparator immediately
disables the driver if the output voltage exceeds 108.5% of
its desired level.

The error amplifier OTA and the soft OVP, UVP and DRE
comparators share the same input information. Based on the
typical value of their parameters and if (Vopytnom) is the
output voltage nominal value (e.g., 390 V), we can deduce:
e Output Regulation Level: Vout nom
Output soft OVP Level: oyt sovp = 105% X Vout nom
Output UVP Level: Voyt,uvp = 12% X Vout,nom

Output DRE Le\/el Vout’dre = 955% X Vout’nom

Fast OVP and Bulk Under-voltage (BUV)
These functions check that the output voltage is within the

proper window:

® The fast Over-voltage Protection trips if the bulk
voltage reaches abnormal levels. When the feedback
network is properly designed and correctly connected,
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the bulk voltage cannot exceed the level set by the soft
OVP function (Vout,sovp = 105% X Vout,nom, See
precedent section). This second protection offers some
redundancy for a higher safety level. The FOVP
threshold is set 2% higher than the soft OVP
comparator reference so that the same portion of the
output voltage can be applied to both the FOVP/BUV
and feedback input pins (pins 1 and 2).

® The BUV comparator trips when Vpin1 drops below
76% of the 2.5 V reference voltage (Vgyy = 76% x
VRer). In the case, the circuit grounds the pfcOK pin

(to disable the downstream converter) and gradually
discharges the VcontroL signal until the SKIP level is
obtained (see block diagram) so that the next start-up
sequence will be performed with a soft-start. The drive
output is disabled for the VconTroL discharge time.
When the VconTroL discharge is complete, the circuit
can attempt to recover operation.

However, the BUV function has no action whenever the
pfcOK pin is in low state, not to inappropriately interrupt
start-up phases.

Vbulk
fastOVP - 107%"Vref Roup1
~— FOVP / BUV
+ [
LJ
Rovp2
BUVcomp

76%*Vref

UVP2 -

03V

?1 250 nA

Figure 69. Bulk Under-voltage Detection (NCP1612A and NCP1612B)

As a matter of fact, pin1 monitors the output voltage and
checks if it is within the window for proper operation.
Assuming that the same portion of the output voltage is
applied to FOVP/BUV and feedback pins:
e Output fast OVP Level: Vot fovp = 107% X Vout,nom

L] Output BUV LeVeI VOUt,BUV = 76% X Vout'nom

Hence, if the output regulation voltage is 390 V, the FOVP
and BUV output voltage levels are 417 V and 296 V
respectively.

Inthe Al version, the BUV threshold is set to 40% of
the 2.5V reference voltage. Hence if the same portion of
the output voltage is applied to FOVP/BUV and feedback
pins:

o NCP1612A1 Output BUV Level:

Vout,Buv = 40% X Vout,nom

A 250 nA sink current is built-in to ground the pin if the
FOVP/BUV pin is accidently open. The circuit disables the
drive as long as the pin voltage is below 300 mV (typically).

Current Sense and Zero Current Detection

The NCP1612 is designed to monitor the current flowing
through the power switch. A current sense resistor (Rsense)
is inserted between the MOSFET source and ground to
generate a positive voltage proportional to the MOSFET
current (Vcs). The Vs voltage is compared to a 500 mV
internally reference. When Vg exceeds this threshold, the
OCP signal turns high to reset the PWM latch and forces the
driver low. A 200 ns blanking time prevents the OCP
comparator from tripping because of the switching spikes
that occur when the MOSFET turns on.

The CS pin is also designed to receive a signal from an
auxiliary winding for Zero Current Detection. As illustrated
in Figure 70, an internal ZCD comparator monitors the piné
voltage and if this voltage exceeds 750 mV, a
demagnetization phase is detected (signal ZCD is high). The
auxiliary winding voltage is applied thought a diode to
prevent this signal from distorting the current sense
information during the on-time. Thus, the OCP protection is
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not impacted by the ZCD sensing circuitry. This comparator
incorporates a 500 mV hysteresis and is able to detect ZCD
pulses longer than 200 ns. When pin 6 voltage drops below
the lower ZCD threshold, the driver can turn high within
200 ns.

It may happen that the MOSFET turns on while a huge
current flows through the inductor. As an example such a
situation can occur at start-up when large in-rush currents
charge the bulk capacitor to the line peak voltage.
Traditionally, a bypass diode is generally placed between the

input and output high-voltage rails to divert this inrush
current. If this diode is accidentally shorted, the MOSFET
will also see a high current when it turns on. In both cases,
the current can be large enough to trigger the ZCD
comparator. An AND gate detects that this event occurs
while the drive signal is high. In this case, a latch is set and
the “OverStress” signal goes high and disables the driver for
a 800 ps delay. This long delay leads to a very low
duty-cycle operation in case of “OverStress” fault in order
to limit the risk of overheating.

ZCD

ZCD signal for Valley detection and CCFF

Comparator
:D—S OverStress
af—
750 mV / 800-us L
0s
— 250 mv Q —l>”— watchdog time |[—?
- DRV \—
ocP
Comparator
i 200-ns
Rzeot Res ZCD’:S pin blanking ocP
ol Sy L time
= R
= ZCD2
("OCP" and "OverStress" resets
500 mV the PWM latch to disable the drive)

Figure 70. Current Sense and Zero Current Detection Blocks

When no signal is received that triggers the ZCD
comparator during the off-time, an internal 200 us watchdog
timer initiates the next drive pulse. At the end of this delay,
the circuit senses the CS/ZCD pin impedance to detect a
possible grounding of this pin and prevent operation. The
CS/ZCD external components must be selected to avoid
false fault detection. 3.9 kQ is the recommended minimum
impedance to be applied to the CS/ZCD pin when
considering the NCP1612 parameters tolerance over the
-40°C to 125°C temperature range. Practically, R.s must be
higher than 3.9 kQ in the application of Figure 70.

pfcOK Signal

The pfcOK pin is in high-impedance state when the PFC
stage operates nominally and is grounded in the following
cases:
® During the PFC stage start-up, that is, until the output
voltage has stabilized at the right level.
If the output voltage is too low for proper operation of
the downstream converter, more specifically, when the
“BUV_fault” signal (see Figure 3) is in high state.
In the case of a condition preventing the circuit from
operating properly like in a Brown-out situation or
when one of the following faults turns off the circuit:

- Incorrect feeding of the circuit (“UVLO” high when
Vee < Vecoff), Vec(off) equating 9 V typically).
Excessive die temperature detected by the thermal
shutdown.

Under-voltage Protection

Latched-off of the part

Regulation loop failure (UVP)

Brown-out Situation (BO_fault high — see Figure 3)

The pfcOK signal is controlled as illustrated by Figure 71.
The circuit monitors the current sourced by the OTA. If there
is no current, we can deduce that the output voltage has
reached its nominal level. The start-up phase is then
complete and pfcOK remains high-impedance until a fault
is detected. Upon startup, the internal signals and the
internal supply rails need some time to stabilize. The
pfcOK latch cannot be set during this time and until a
sufficient blanking time has elapsed. For the sake of
simplicity, this blanking delay is not represented in
Figure 71.

Another mandatory condition to set pfcOK high is the low
state of the “BUVcomp” signal. This second necessary
condition ensures that the voltage applied to pin 1 is high
enough not to immediately trigger the BUV protection.

The pfcOK pin is to be used to enable the downstream
converter.
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BUVcomp,
OVLflag N
Q
OFF® LprOK
Vee BUV_fault
NTC R1 pfcOK
—
. I
R2 %°<}
2R —
[+
R 25V Q STDWN
Vcc(reset) Lstdwn >
— R
BONOK
Vcc_OK

Figure 71. pfcOK Detection

The circuit also incorporates a comparator to a 7.5 V
threshold so that the part latches off if the pfcOK pin voltage
exceeds 7.5 V. This pin is to protect the part in presence of
a major fault like a die over-heating. To recover operation,
a brown-out condition must be detected (if circuit Ve is
properly fed) or Vcc must drop below Ve reset).

Brown-out Detection

The Vgngs pin (pind) receives a portion of the
instantaneous input voltage (Mp). As My, is a rectified
sinusoid, the monitored signal varies between zero or a small
voltage and a peak value.

For the brown-out block, we need to ensure that the line
magnitude is high enough for operation. This is done as
follows:
® The Vgenge pin voltage is compared to a 1V reference.

® If Vjing exceeds 1V, the input voltage is considered
sufficient

® If Vjing remains below 0.9 V for 50 ms, the circuit
detects a brown-out situation (100 mV hysteresis).

By default, when the circuit starts operation, the circuit is
in a fault state (“BO_NOK” high) until Vjing exceeds 1 V.

When “BO_NOK?” is high, the drive is not disabled.
Instead, a 50 wA current source is applied to pin3 to
gradually reduce VconTroL- AS a result, the circuit only
stops pulsing when the SKIP function is activated
(MconTroL reaches the skip detection threshold). At that

moment, the circuit turns off (see Figure 3). This method
limits any risk of false triggering. The input of the PFC stage
has some impedance that leads to some sag of the input
voltage when the drawn current is large. If the PFC stage
stops while a high current is absorbed from the mains, the
abrupt decay of the current may make the input voltage rise
and the circuit detect a correct line level. Instead, the gradual
decrease of VconTROL avoids a line current discontinuity
and limits risk of false triggering.
Pin4 is also used to sense the line for feed-forward. A
similar method is used:
® The Vgenge pin voltage is compared to a 2.2 V
reference.
® If Vjing exceeds 2.2V, the circuit detects a high-line
condition and the loop gain is divided by three (the
internal PWM ramp slope is three times steeper)
® Once this occurs, if Vping remains below 1.7 V for 25
ms, the circuit detects a low-line situation (500 mV
hysteresis).

At startup, the circuit is in low-line state (“LLine” high™)
until Vping exceeds 2.2 V.

The line range detection circuit allows more optimal loop
gain control for universal (wide input mains) applications.

As portrayed in Figure 72, the pin 4 voltage is also utilized
to generate the current information required for the
frequency fold-back function.
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1.7 Vif LLine low
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Figure 72. Input Line Sense Monitoring

Thermal Shutdown (TSD)

An internal thermal circuitry disables the circuit gate drive
and keeps the power switch off when the junction
temperature exceeds 150°C. The output stage is then
enabled once the temperature drops below about 100°C
(50°C hysteresis).

Output Drive Section

The output stage contains a totem pole optimized to
minimize the cross conduction current during high
frequency operation. The gate drive is kept in a sinking
mode whenever the Under-voltage Lockout is active or
more generally whenever the circuit is off. Its high current
capability (-500 mA/+800 mA) allows it to effectively
drive high gate charge power MOSFET. As the circuit
exhibits a large Vcc range (up to 35 V), the drive pin voltage
is clamped not to provide the MOSFET gate with more than
14 V.

Reference Section

The circuit features an accurate internal 2.5 V reference
voltage (Vrer) optimized to be £2.4% accurate over the
temperature range.

OFF Mode

As previously mentioned, the circuit turns off when one
of the following faults is detected:
® Incorrect feeding of the circuit (“UVLO” high when

Vee < Vecoff), Vec(off) equating 9 V typically).

® Excessive die temperature detected by the thermal
shutdown.

e Brown-out Fault and SKIP (see block diagram)

e Output Under-voltage situation (Vpin1 and/or Vpin2
lower than 12% of Vrgr)

o |atched off produced by pulling the pfcOK pin above
75V.

Generally speaking, the circuit turns off when the
conditions are not proper for desired operation. In this mode,
the controller stops operating. The major part of the circuit
sleeps and its consumption is minimized.

Failure Detection

When manufacturing a power supply, elements can be
accidentally shorted or improperly soldered. Such failures
can also happen to occur later on because of the components
fatigue or excessive stress, soldering defaults or external
interactions. In particular, adjacent pins of controllers can be
shorted, a pin can be grounded or badly connected. Such
open/short situations are generally required not to cause fire,
smoke nor big noise. The NCP1612 integrates functions that
ease meeting this requirement. Among them, we can list:
® Floating feedback pins

A 250 nA sink current source pulls down the voltage on

the feedback and FOVP/BUYV pin so that the UVP

protection trips and prevents the circuit from operating

if one of this pin is floating. This current source is small

WWWwW.onsemi.com

28


 http://www.onsemi.com/

NCP1612

(450 nA maximum) so that its impact on the output
regulation and OVP levels remain negligible with the
resistor dividers typically used to sense the bulk
voltage.

® Fault of the GND connection
If the GND pin is properly connected, the supply
current drawn from the positive terminal of the V¢
capacitor, flows out of the GND pin to return to the
negative terminal of the V¢ capacitor. If the GND pin
is not connected, the circuit ESD diodes offer another
return path. The accidental non connection of the GND
pin can hence be detected by detecting that one of this
ESD diode is conducting. Practically, the CS/ZCD ESD
diode is monitored. If such a fault is detected for
200 us, the circuit stops operating.

® Detection the CS/ZCD pin improper connection
The CS/ZCD pin sources a 1 uA current to pull up the
pin voltage and hence disable the part if the pin is
floating. If the CS/ZCD pin is grounded, the circuit

Table 4. ORDERING INFORMATION

cannot monitor the ZCD signal and the 200 ps
watchdog timer is activated. When the watchdog time
has elapsed, the circuit sources a 250 A current source
to pull-up the CS/ZCD pin voltage. No drive pulse is
initiated until the CS/ZCD pin voltage exceeds the ZCD
0.75 V threshold. Hence, if the pin is grounded, the
circuit stops operating. Circuit operation requires the
pin impedance to be 3.9 kQ2 or more, the tolerance of
the NCP1612 impedance testing function being
considered over the —40°C to 125°C temperature range.
Boost or bypass diode short

The NCP1612 addresses the short situations of the
boost and bypass diodes (a bypass diode is generally
placed between the input and output high-voltage rails
to divert this inrush current). Practically, the overstress
protection is implemented to detect such conditions and
forces a low duty-cycle operation until the fault is gone.

Refer to application note AND9079/D for more details.

Device Circuit Version Marking Package Shipping’
NCP1612ADR2G NCP1612A 1612A SOIC-10 2500/ Tape & Reel
(Pb-Free)
NCP1612A1DR2G NCP1612A1 1612A1 SOIC-10 2500/ Tape & Reel
(Pb-Free)
NCP1612BDR2G NCP1612B 1612B SOIC-10 2500 / Tape & Reel
(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging

Specifications Brochure, BRD8011/D.
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