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The NCP1605 is a controller that exhibits near—unity power facter
while operating in fixed frequency, Discontinuous Conduction Mode

(DCM) or in Critical Conduction Mode (CRM).
Housed in a SOIC-16 package, the circuit incorporates all the

features necessary for building robust and compact PFC stages, with
a minimum of external components. In additionniegrates the skip
cycle capability to lower the standby losses to a minimum.

General Features
Near-Unity Power Factor
Fixed Frequency, Discontinuous Conduction Mode Operation

Lossless High Voltage Current Source for Startup
Soft Skip™ Cycle for Low Power Standby Mode
Switching Frequency up to 250 kHz
Synchronization Capability

Fast Line / Load Transient Compensation

Valley Turn On

High Drive Capability: =500 mA / +800 mA
Signal to Indicate that the PFC is Ready for Operation
(“pfcOK” Pin)

® \/ccrange: from 10 V to 20 V

e Follower Boost Operation

® Two V¢ Turn—On Threshold Options:
15 V for NCP1605 & NCP1605B; 10.5 V for NCP1605A

e These Devices are Pb—Free, Halogen Free/BFR Free and are Rol—@out/ZCDE

Compliant

Safety Features

e Output Under and Overvoltage Protection

Brown—-Out Detection

Soft-Start for Smooth Startup Operation

Overcurrent Limitation

Zero Current Detection Protecting the PFC stage from Inrush
Currents

® Thermal Shutdown

e | atched Off Capability

Typical Applications
® PC Power Supplies
e All Off Line Appliances Requiring Power Factor Correction
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Critical Conduction Mode Achievable in Most Stressful Conditions
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ORDERING INFORMATION

Device Package Shipping T
NCP1605DR2G SOIC-16 | 2500/Tape & Reel
(Pb—Free)
NCP1605ADR2G SOIC-16 | 2500/Tape & Reel
(Pb—Free)
NCP1605BDR2G SOIC-16 | 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 Specification
Brochure, BRD8011/D.

Publication Order Number:

NCP1605/D
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NCP1605, NCP1605A, NCP1605B

A
IiiTBY control
° 16
- 15
2 Vout
—|| 3 14
el s D1
O 5 12
Rzcd 7 v Ry M1 LOAD
. ——]|| 6 11[—\VCC ref —
Ac line pfcOK | j— c N
? 9 c |7 wp — Uk
n
Filter § Cosc Rdrv
Rocp
- AN
Ioil Rcs -L_
Figure 1.
MAXIMUM RATINGS
Pin Rating Symbol Value Unit
11 Power Supply Input Vee -0.3, +20 \%
11 Maximum Transient Voltage (Note 1) Vee -0.3, +25 \%
1,2,4,5,6,7,8, | Input Voltage V| -0.3,+9 \%
13 and 14
6 Maximum Current lcsouTt/ZCD -3, 10 mA
3 VconTroL Pin VconTROL —0.3, VconTtroL MAX \
(Note 2)
16 High Voltage Pin Vhv -0.3, 600 VvV \%
Power Dissipation and Thermal Characteristics:
Maximum Power Dissipation @ Tp = 70°C Pp 550 mwW
Thermal Resistance Junction—to—Air Reia 145 °C/W
Operating Junction Temperature Range T; -55to +125 °C
Maximum Junction Temperature T 3max 150 °C
Storage Temperature Range Tsmax —65 to +150 °C
Lead Temperature (Soldering, 10 s) TLmax 300 °C
ESD Capability, HBM Model (all pins except HV) (Note 3) HBM 2000 \%
ESD Capability, MM Model (all pins except HV) (Note 3) MM 200 \%

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

should not be assumed, damage may occur and reliability may be affected.

1. The maximum transient voltage with a corresponding maximum transient current at 100 mA. The maximum transient power handling capability

must be observed as well.
2. “VconTroLMAX? is the pin clamp voltage.
3. This device series contains ESD protection rated using the following tests:
Human Body Model (HBM) 2000V per JEDEC Standard JESD22, Method A114E.

Machine Model (MM) 200V per JEDEC Standard JESD22, Method A115A.

4. This device contains latch—up protection and exceeds 100 mA per JEDEC Standard JESD78.
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NCP1605, NCP1605A, NCP1605B

TYPICAL ELECTRICAL CHARACTERISTICS

(Conditions: Vee =16 V, Viyy =50V, Vpinz =2V, Vpin1z =0V, T; from 0°C to +125°C, unless otherwise specified;
For NCP1605DR2G: for typical values T; = 25°C, for min/max values T = -55°C to +125°C, unless otherwise specified) (Note 7)

Symbol Rating Min Typ Max ‘ Unit ‘
Gate Drive Section
Trise Output Voltage Rise Time @ C =1 nF, from 1V to 10 V - 40 - ns
Ttall Output Voltage Fall Time @ C_. =1 nF, from10Vto 1V - 20 - ns
RoH Source Resistance @ Ipjn10 = 100 mA - 15 25 Q
lsource Source Current capability (@ Vpin10=0V) - 500 - mA
RoL Sink Resistance @ Ipjn10 = 100 mA - 7 15 Q
lsink Sink Current Capability (@ Vpin10 =10 V) - 800 - mA
Regulation Block
VREF Voltage Reference NCP1605/A 2.425 2.500 2.575 \%
NCP1605B 2.430 2.500 2.550
lea Error Amplifier Current Capability - 120 - uA
Gea Error Amplifier Gain 100 200 300 usS
1Bpina Pin 4 Bias Current @ Vpinsa = VREF -500 - 500 nA
VcoNTROL Pin 2 Voltage: \%
= VconTrRoLMAX -@Vpipg=2V - 3.6 -
~VconTroLMIN - @ Vping =3V - 0.6 -
- AVeonTrot! 2.7 3.0 3.3
VoutL ! VREF Ratio (Voyt Low Detect Threshold / Vreg) (Note 6) 95.0 95.5 96.0 %
HoutlL / VRer Ratio (Voyt Low Detect Hysteresis / Vgrgg) (Note 6) - - 0.5 %
lsoosT Pin 2 Source Current when (Voyt Low Detect) is activated 190 240 290 uA
Shutdown Block
ILEAKAGE Current Sourced by Pin 13 @ Vpjn14 = 2.3V -500 - 500 nA
VsTpDwN Pin 13 Threshold for Shutdown 2.375 2.500 2.625 \%
Over and Under Voltage Protections
Vovp Overvoltage Protection Threshold 2.425 2.500 2.575 \%
Vovp ! VRer Ratio (Vovp / Vrer) (Note 5) 99.5 100.0 100.5 %
Vuve ! VREF Ratio UVP threshold over Vggr 8 12 16 %
1Bpin1a Pin 13 Bias Current: nA
@ Vpin14 = Vovp -500 - 500
@ Vpin14 = Vuve -500 - 500
Ramp Control
Pin 7 Source Current: @ Vpijng = 1.00 V uA
Iramp — 1.00 V T;=0°C to +125°C 54 60 69
NCP1605, Tj = —-40°C to +125°C 52 - 69
NCP1605, Tj = -55°C to +125°C 51 - 69
Pin 7 Source Current: uA
Iramp — 175V @ Vping =1.75V 156 182 214
Iramp — 2.50 V @ Vping = 2.50 V 313 370 428
Vcl_ff Pin 7 Clamp Voltage @ Vping = Vpinz =2 V and Vpjrg =0V - 5 - \%
Vc . CRM Pin 7 Clamp Voltage @ Vpins =0V, Vpinz =2V and Vpjg =1V 0.9 1 11 \%

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.

5. Not tested; guaranteed by characterization
6. Not tested; guaranteed by design
7. For coldest temperature, QA sampling at —40°C in production and —55°C specification is Guaranteed by Characterization.
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NCP1605, NCP1605A, NCP1605B

TYPICAL ELECTRICAL CHARACTERISTICS

(Conditions: Vee =16 V, Viyy =50V, Vpinz =2V, Vpin1z =0V, T; from 0°C to +125°C, unless otherwise specified;
For NCP1605DR2G: for typical values T; = 25°C, for min/max values T = -55°C to +125°C, unless otherwise specified) (Note 7)

Symbol Rating Min Typ Max Unit
Ret Ratio (Pin 7 Clamp Voltage / (Pin 7 Charge Current) kQ
(VcLCRM / Iramp) @ Vping =0V and
= Vping = 1.00 V - 16.7 -
- Vping =175V - 5.4 -
= Vping =2.50 V - 2.7 -
TonMIN Delay (Vpinh7 > 5 V) to (DRV low) - 90 200 ns
CiNT Average Pin 7 Internal Capacitance (Vpj,7 varying from 0 and 1 V) - 15 25 pF
Guaranteed by design
ViNIT Maximum Pin 7 Voltage Allowing the Setting of the PWM Latch - 50 90 mV
IRAMP_SINK Pin 7 Sink Current (Drive low) @ Vpjn7 =1V - 10 - mA
Current Sense Block
Off100 Current Sense Pin Voltage, NCP1605/A -20 6.0 20 mV
100 pA being drawn from Pin 5 NCP1605B -5.0 6.0 15
Off10 Current Sense Pin Voltage, 10 uA being drawn from Pin 5 3.0 8.0 13 mV
Imax Overcurrent Protection Threshold 230 250 265 uA
Tocp (Ipin5 > 250 pA) to (DRV low) Propagation Delay (Note 5) - 100 200 ns
Kcs1o Ratio (Iping/lpins) @ lpins = 10 uA 99 108 117 %
Kcs200 Ratio (Iping/lpins) @ lpins = 200 uA 98 101 103 %
Vzecp Pin 6 Comparator Threshold 50 100 200 mV
Tzcp Delay from (Vping < Vzcp) to (DRV high) - 120 240 ns
Standby Input
VsTteY Standby Mode Threshold (Vpin; falling) 280 310 340 mV
HsTy Hysteresis for Standby Mode Detection 25 30 50 mV
VskipOUT ; Voutl | Ratio (Pin 4 Voltage to terminate a SKIP period) over the 99 100 101 %
(Vout Low Detect Threshold) (Note 6)
Oscillator / Synchronization Block
Icharge Oscillator Charge Current uA
Ty=0°Cto +125°C 90 100 110
NCP1605, T; = -40°C to +125°C 89 - 110
NCP1605, T; = -55°C to +125°C 88 - 110
ldisch Oscillator Discharge Current uA
Ty=0°Cto +125°C 90 100 110
NCP1605, T; = -40°C to +125°C 89 - 110
NCP1605, T; = -55°C to +125°C 88 - 110
Vsync_H Comparator Upper Threshold - 3.0 - \%
Vsyne_ L Comparator Lower Threshold - 2.0 - \%
Swing Comparator Swing (Vsync_H =~ Vsync L) 0.9 1.0 11 \%
Tsync_min Minimum Synchronization Pulse Width for Detection - - 500 ns
pfcOK / REF5V
Vpteokk Pin 12 Voltage @ Vpinya = 5V, 250 uA being sunk by Pin 12 - 60 120 | mv |

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.

5. Not tested; guaranteed by characterization
6. Not tested; guaranteed by design
7. For coldest temperature, QA sampling at —40°C in production and —55°C specification is Guaranteed by Characterization.
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NCP1605, NCP1605A, NCP1605B

TYPICAL ELECTRICAL CHARACTERISTICS
(Conditions: Vee =16 V, Viyy =50V, Vpinz =2V, Vpin1z =0V, T; from 0°C to +125°C, unless otherwise specified;
For NCP1605DR2G: for typical values T; = 25°C, for min/max values T = -55°C to +125°C, unless otherwise specified) (Note 7)

Symbol Rating Min Typ Max Unit
VpteokH (Pin 12 Voltage @ Vpjn13 = 0V and NCP1605/A 4.7 5.0 5.3 \Y,
Vpin3z =5V, with a 250 pA sourced by Pin 12) NCP1605B 4.75 5.0 5.3
(Pin 12 Voltage @ Vpjn13 = 0V and NCP1605/A 45 5.0 5.3
Vpinz =5V, with a 5 mA sourced by Pin 12) NCP1605B 4.5 4.72 5.0
Icap_ref Current Capability 5.0 10 - mA
Brown—Out Detection Block
VBOH Brown—Out Comparator Threshold (Vpjn2 rising) NCP1605/A 0.9 1.0 11 \%
NCP1605B 0.93 1.0 1.07
VoL Brown—Out Comparator Threshold (Vpj, falling) NCP1605/A 0.45 0.50 0.55 \%
NCP1605B 0.465 0.50 0.535
IBgo Pin 2 Bias Current @ Vpjn, =0.5Vand 1V -500 - 500 nA
Thermal Shutdown
TumiT Thermal Shutdown Threshold - 155 - °C
Hremp Thermal Shutdown Hysteresis - 15 - °C

Vcc UNDERVOLTAGE Lockout Section

VccON Turn on Threshold Level, V¢ Raising Up NCP1605 14 15 16 \%
NCP1605A 9.5 10.5 11.5
NCP1605B 14.2 15 15.55
VccOFF Minimum Operating Voltage after Turn—on NCP1605/A 8.0 9.0 10 \Y
NCP1605B 8.6 9.0 9.35
HuvLo Difference (VccON — VccOFF) NCP1605/B 5.0 6.0 - \%
NCP1605A 1.2 15 -
VccSTUP V¢ Threshold below which the Startup Current Source Turns on 5.5 7.0 8.0 \%
HLATCHOFF Difference (VccOFF — VecSTUP) 0.6 2.0 - \%
VccRST Ve Level at which the Logic Resets 2.0 4.0 5.0 \%
VccINHIBIT Threshold which IC2 stops working & switches to IC1, Ico =1 mA \%
NCP1605, T; = 0°C to +125°C - 21 -
NCP1605, T = -40°C to +125°C 0.3 - 25
NCP1605, T = -55°C to +125°C 0.3 - 2.55
NCP1605A - 21 -
NCP1605B 0.3 1.8 2.2
Internal STARTUP Current Source
IC1_hv (High-Voltage Current Source NCP1605/A 5.0 12 20 mA
sunk by Pin 16, Vcc = 13.5V) NCP1605B 7.0 12 17
IC1_Vcc (Startup Charge Current flowing NCP1605/A 5.0 12 20 mA
out of the V¢ Pin, Vee = 13.5V) NCP1605B 6.5 12 16.5
IC2 High-Voltage Current Source, Vcc =0V NCP1605/A - 0.5 1.0 mA
NCP1605B 0.375 0.5 0.87
Device Consumption
Power Supply Current:
lec_op1 Operating (@ Vcc = 16 V, no load, no switching) - 25 5.0 mA
lec_op2 Operating (@ Vcc = 16V, no load, switching) 2.0 3.5 7.0 mA
lec_oFF Off Mode (@ Vcc = 16V, Pin 2 grounded) 310 570 780 uA
lec_latchOFF Latched—-Off Mode (@ V¢ = 13.5 V and Vpjn13 =5V) 310 550 750 uA

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.

5. Not tested; guaranteed by characterization

6. Not tested; guaranteed by design

7. For coldest temperature, QA sampling at —40°C in production and —55°C specification is Guaranteed by Characterization.
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NCP1605, NCP1605A, NCP1605B

PIN FUNCTION DESCRIPTION

Pin
Number

Name

Function

1

STBY

An external signal (typically, a portion of the feedback signal of the downstream converter or a filtered
portion of the SMPS drive pulses) should be applied to Pin 1. When the Pin 3 voltage goes below

300 mV, the circuit enters a burst mode operation where the bulk voltage varies between the regulation
voltage and 95.5% of this level.

Brown-Out /
Inhibition

Apply a portion of the averaged input voltage to detect brown—out conditions. If Vpjn2 is lower than
0.5V, the circuit stops pulsing until Vpj,» exceeds 1 V (0.5 V hysteresis).

Ground Pin 6 to disable the part.

VcontroL /
Soft-Start

The error amplifier output is available on this Pin. The capacitor 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
(soft-start).

Feedback

This pin receives a portion of the pre—converter output voltage. This information is used for the
regulation and the “output low” detection (VoytL) that drastically speed up the loop response when the
output voltage drops below 95.5% of the wished level.

Current Sense
Input

This pin monitors a negative voltage proportional to the coil current. This signal is sensed to limit the
maximum coil current and detect the core reset (coil demagnetization).

Current Sense
Output

This pin sources the Pin 5 current. Place a resistor between Pin 6 and ground to build the voltage
proportional to the coil current and detect the core reset. The impedance between Pin 6 and ground
should not exceed 3 times that of the Pin 5 to ground. You can further apply the voltage from an
auxiliary winding to improve the valley detection of the MOSFET drain source voltage.

Ct
(Ramp)

The circuit controls the power switch on—time by comparing the Pin 7 ramp to an internal voltage
(“Vion") derived from the regulation block and the sensed “dcycle” (relative duration of the current cycle
over the corresponding switching period).

Pin 7 sources a current proportional to the squared output voltage to allow the Follower Boost operation
(optional) where the PFC output voltage stabilizes at a level that varies linearly versus the ac line
amplitude. This technique reduces the difference between the output and input voltages, to optimize the
boost efficiency and minimize the size and cost of the PFC stage

Oscillator /
synchronization

Connect a capacitor or apply a synchronization signal to this pin to set the switching frequency. If the
coil current cycle is longer than the selected switching period, the circuit delays the next cycle until the
core is reset. Hence, the PFC stage can operate in CRM in the most stressful conditions.

GND

Connect this pin to the pre—converter ground.

10

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.

11

Vee

This pin is the positive supply of the IC. The circuit starts to operate when V¢ exceeds 15V (10.5 V
for NCP1605A) and turns off when V¢ goes below 9 V (typical values). After startup, the operating
range is 10 V up to 20 V.

12

PfcOK / REF5V

The Pin 12 voltage is high (5 V) when the PFC stage is in a hormal, steady state situation and low
otherwise. This signal serves to “inform” the downstream converter that the PFC stage is ready and
that hence, it can start operation.

13

STDWN

Apply a voltage higher than 2.5 V on Pin 13 to permanently shutdown the circuit. This pin can be used
to monitor the voltage across a thermistor in order to protect the application from an excessive heating
and/or to detect an overvoltage condition.

To resume operation, it is necessary to decrease the circuit V¢ below VecRST (4 V typically) by for
instance, unplugging the PFC stage and replugging it after V¢ is discharged.

14

OVP / UVP

The circuit turns off when Vpij,14 goes below 300 mV (UVP) and disables the drive as long as the pin
voltage exceeds 2.5 V (OVP).

15

NC

Creepage distance.

16

HV

Connect Pin 16 to the bulk capacitor. The internal startup current source placed between Pin 16 and the
Ve terminal, charges the V¢ capacitor at startup.

WWW. onsemi.com
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NCP1605, NCP1605A, NCP1605B
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NCP1605, NCP1605A, NCP1605B

0.6
0.5
0.4
S
a 0.3
>
o
>
0.2
0.1
0
-40 -15 10 35 60 85 110
T3, JUNCTION TEMPERATURE (°C)
Figure 7. Undervoltage Protection Threshold vs.
Temperature
15.4
15.1
"
g 14.8 "/
z //
S s
O 14.5
>
14.2
13.9
-40 -15 10 35 60 85 110
T3, JUNCTION TEMPERATURE (°C)
Figure 9. V ¢ Turn on Threshold vs.
Temperature (V ¢¢ Raising Up) - NCP1605/B
6.7
6.4
g 6.1
g —
3 E———
£ 58
55
52
-40 -15 10 35 60 85 110

Tj, JUNCTION TEMPERATURE (°C)

Figure 11. Difference (VCC N — VCCoEp) VS.
Temperature — NCP1605/B

15.16

N
w
[
N

[N
=
o
©

VuveVReF (%)

9.04

7

-40 -15 10 35 60 85 110
T3, JUNCTION TEMPERATURE (°C)
Figure 8. Ratio (V yyp/VRrgg) Vs. Temperature

9.7

9.4

9.1

8.8

VCCorr (V)

8.5

8.2

7.9

-40 -15 10 35 60 85 110
T;, JUNCTION TEMPERATURE (°C)

Figure 10. V ¢c Minimum Operating Voltage
After Turn On - NCP1605/B

8.8

8.3

7.8 P~

6.8 s

6.3

VceSTUP, (V)

5.8

5.3

4.8

-40 -15 10 35 60 85 110
T;, JUNCTION TEMPERATURE (°C)

Figure 12. V ¢ Threshold Below which the Startup
Current Source Turns on vs. Temperature

WWW. onsemi.com

8


http://www.onsemi.com/

HiatcHorr (V)

IC1_HV, (mA)

IC2, (MA)

NCP1605, NCP1605A, NCP1605B

4
35
3
2.5 —— sl
2
1.5 /,/
1 7
=
0.5
-40 -15 10 35 60 85 110
T3, JUNCTION TEMPERATURE (°C)
Figure 13. Difference (V ccOFF-VccSTUP) vs.
Temperature
20
18
16
14
\
” \\\
\
10 —
[—
8
6
4
-40 -15 10 35 60 85 110
T3, JUNCTION TEMPERATURE (°C)
Figure 15. High—Voltage Current Source (Sunk
by Pin 16) vs. Temperature (@ V ¢cc =13.5V)
1.2
0.9
0.6 \\
~—_
\
\\§
0.3
0
-40 -15 10 35 60 85 110

T3, JUNCTION TEMPERATURE (°C)
Figure 17. High—Voltage Current Source vs.
Temperature (@ V cc =0V)

6
5
4N
S \
=
o 3
S N~
o
> 2
1
0
-40 -15 10 35 60 85 110
T3, JUNCTION TEMPERATURE (°C)
Figure 14. V ¢ Level Below Which the
Logic Resets vs. Temperature
20
18
16
T 14
g 12 \\\\
8 10 ——
8
6
4
-40 -15 10 35 60 85 110
T3, JUNCTION TEMPERATURE (°C)
Figure 16. Startup Charge Current Flowing Out
of the V ¢ Pin vs. Temperature (@ V ¢cc = 13.5V)
90
80
70 \\
< N
3 60
ui N
o 50 \\
<
¥ 40 T~
Y
>I 30
I
20
10
0
-40 -15 10 35 60 85 110

T3, JUNCTION TEMPERATURE (°C)
Figure 18. Pin 16 Leakage Current vs.
Temperature (@ V pjn1g =500V and Ve =16 V)

WWW. onsemi.com

9



http://www.onsemi.com/

» (uA)

IEA_SOURCE

GEA, (uS)

VconTroLMAX, (V)

24

22

20

18

16

14

12

300

260

220

180

140

100

60

3.9

3.8

3.7

3.6

3.5

3.4

3.3

3.2

\
—\§
-40 -15 10 35 60 85 110
T3, JUNCTION TEMPERATURE (°C)
Figure 19. Source Current Capability of the
Error Amplifier vs. Temperature
—
\\
-40 -15 10 35 60 85 110
T3, JUNCTION TEMPERATURE (°C)
Figure 21. Error Amplifier Gain vs. Temperature
\\
\\
P —
\\
-40 -15 10 35 60 85 110

NCP1605, NCP1605A, NCP1605B

T;, JUNCTION TEMPERATURE (°C)

Figure 23. V conTRoL Maximum Voltage vs.
Temperature

» (UA)

IEA_SINK

IBpina, (NA)

A(VconTtroo), (V)

-12

-14

-16

-18

-15 10 35 60 85
Tj, JUNCTION TEMPERATURE (°C)

110

Figure 20. Sink Current Capability of the Error
Amplifier vs. Temperature

150

100

50

-100

-150

-40 -15 10 35 60 85
T3, JUNCTION TEMPERATURE (°C)
Figure 22. Feedback Pin Bias Current vs.

Temperature (@ V ping = VREE)

110

3.3

3.2

3.1

3

2.9

2.8

2.7

2.6

-40 -15 10 35 60 85

Tj, JUNCTION TEMPERATURE (°C)

110

Figure 24. V conTrRoL Maximum Swing
(AVconTroL) VS. Temperature

WWW. onsemi.com

10


http://www.onsemi.com/
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DETAILED OPERATING DESCRIPTION

Introduction

The NCP1605 is a PFC driver designed to operaigdd f
frequency, Discontinuous Conduction Mode (DCM). la th
most stressful conditions, Critical Conduction MoG&M)
can be achieved without power factor degradationtaad
circuit could be viewed as a CRM controller witfiejuency
clamp (given by the oscillator). Finally, the NCP168hds
to give the best of both modes without their respect
drawbacks. Furthermore, the circuit incorporategeation
features for a rugged operation together with soreeiap
circuitry to lower the power consumed by the PRE@etin no

— The NCP1605 disables the drive to stop
delivering power as long as the output voltage
exceeds the Overvoltage Protection (OVP) level.

— The NCP1605 drastically speeds up the
regulation loop when the output voltage is below
95.5% of its regulation level. This function is
allowed only after the PFC stage has started up
not to eliminate the soft-start effect.

PFC OK: the circuit detects when the circuit is in normal

situation or if on the contrary, it is in a startup or fault
condition. In the first case, Pin 12 is in high state and low

load conditions. More generally, the NCP1605 functions otherwise. Pin 12 serves to control the downstream
make it the ideal candidate in systems where converter operation in response to the PFC state.
cost—effectiveness, reliability, low standby poveerd high Safety Protections: the NCP1605 permanently
power factor are the key parameters: monitors thenput and output voltages, the coil current and
® Compactness and Flexibility:the controller requires the die temperature to protect the system from possible
few external components while offering a large variety over—stresses and make the PFC stagerarty robust and

of functions. Depending on the selected coil and
oscillator frequency you select, the circuit can:
1. Mostly operate in CRM and use the oscillator as a
frequency clamp.
2. Mostly operate in fixed frequency mode and only
run in CRM at high load and low line.
3. Permanently operate in fixed frequency mode
DCM.

In all cases, the circuit provides near—unity power factor.

Skip—cycle capability for low power standby:among
other applications, the circuit targets power supply where
the PFC stage must keep alive even in standby. A
continuous flow of pulses isot compatible with no-load
standby power requirements. Instead, the controller slices
the switching pattern in bunch of pulses to drastically
reduce the overall losses. The skip cycle operation is
initiated by applying to Pin 1, a signal that goes below
300 mV in standby.yipically, this signal is drawn from the
feedback of the downstream converter.

Startup Current Source and large \cc range:
meeting low standby power specifications represents a
difficult exercise when the controller requires an external,
lossy resistor connected to the bulk capacitor. The
controller disables the high—voltage current source after
startup which no longer hampers the consumption in
no-load situations. In addition, the largerange (10 V
to 20 V after startup), highly eases the circuit biasing.

Fast Line / Load Transient Compensation:given the
low bandwidth of the regulation block, the output voltage
of PFC stages may exhibit excessive over and uhdets
because of abrupt load or input voltage variations (e.g. at
startup). If the output voltage is too far from tiegulation
level:

reliable. In addition to the aforementioned OVPtection,
one can list:

— Maximum Current Limit and Zero Current
Detection: the circuit permanently senses the
coil current and immediately turns off the
power switch if it is higher than the set current
limit. It also prevents any turn on of the power
switch as long as some current flows through
the coil, to ensure operation in DCM. This
feature also protects the MOSFET from the
excessive stress that could result from the
large in—rush currents that occurs during the
startup phases.

— Undervoltage Protection: the circuit turns off
when it detects that the output voltage goes
below 12% of the OVP level (typically). This
feature protects the PFC stage from starting
operation in case of too low ac line conditions
or in case of a failure in the OVP monitoring
network (e.g., bad connection).

- Brown-Out Detection: the circuit detects too
low ac line conditions and stop operating in
this case. This protection protects the PFC
stage from the excessive stress that could
damage it in such conditions.

— Thermal Shutdown: an internal thermal
circuitry disables the circuit gate drive and then
keeps the power switch off when the junction
temperature exceeds P&Dtypically. The circuit
resumes operation once the temperature drops
below about 10TC (50°C hysteresis).

Output Stage Totem Pole:the NCP1605 incorporates a

—0.5 A/ +0.8 A gate driver tofatiently drive most TO220

or TO247 power MOSFETSs.

WWW. onsemi.com

17


http://www.onsemi.com/

NCP1605, NCP1605A, NCP1605B

NCP1605(A) Operation Modes DCM. It is worth noting that jumps between the CRM
Like the NCP1601, the NCP1605: and modes cause absolutely no degradation: the input
e Features a current sense block that prevents the PFC  current keeps being properly shaped and there is no
stage from operating in CCM: as long as the coil discontinuity in the power transfer.
current is not null, the power switch is not allowed to Given the dead-time presence, DCM needs a higher peak
turn on. Hence the circuit can only operate in either  inductor current compared to CRM for the same delivered
Fixed Frequency DCM or CRM. power. Hence, the coil is generally designed to have CRM

factor while operating in any type of Discontinuous switching frequency at lower load. The circuit can also
Conduction Mode operation: DCM or CRM. transition within an ac line cycle so that:
e Auto adapts: if there is some current flowing through ® CRM reduces the current stress around the sinusoid

the coil when the clock occurs to initiate a new current  tOP- o _
cycle, the PFC stage enters CRM. On the other hand, ® DCM limits the frequency around the line zero

if the clock occurs during dead-times, one obtains a cr(_)ssing. N )
fixed frequency operation DCM. Thanks to its special ~ This capability offers the best of each mode without the
oscillator/synchronization arrangement, the circuit drawbacks. The way the circuit modulates the MOSFET

automatically enters the appropriate mode CRM or ~ on-time allows this facility.

A Current
/ Inductor Current, I,
Input Current, i,
-~
~ ~
~
rs
Ve A rd
4 P4
L 7’ AS s
v, N s Time
hY AL
: = - B
DCM Critical Mode DCM

Figure 52. DCM and CRM Operation Within a Sinusoid Cycle

The NCP1605(A) can jump from DCM to CRM within a sinusoid cycle (and vice versa)
without any discontinuity in the current shaping or the power transfer.

NCP1605 On-time Modulation

Let’s study the ac line current absorbed by the B&@3t. One can show (refer to NCP1601 data sheet) that the ac
The initial inductor current of each switching cycle is line current is given by:
always zeroThe coil current ramps up when the MOSFET
, . . o t1(t1 +t2)
ison. The slope is (\/L) where L is the coil inductance. lin = Vin T (eq. 1)

At the end of the on-time (t1), the coil demagnetization

phase starts. The coil current ramps down until this Where T = (t1 + t2 + t3) is the switching periodiany is
sequence ends when it reaches zero. The duration of thighe ac line rectified voltage.

phase is (t2). The system enters then the deadft@that To the light of this equation, we immediately nttat iy
lasts until the next clock is generated. is proportional to W if [t1(t1 + t2)/T] is a constant.
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Figure 53. PFC Boost Converter Figure 54. Inductor Current in DCM

The NCP1605 operates in voltage mode. As portrayed b Given the regulation low bandwidth of the PFC syste
Figure 55, the MOSFET on time is controlled by the (VconTroL and then (Yegul) are slow varying signals.
signal \fon generated by the regulation block and the Pin Hence, the (Yon * (t1 + ©)/T) term is substantially

4 ramp as follows: constant. Provided that in addition, (t1) is proportional to
Cpin7 * VTON (VTon), equation (1) leads to:j{l= k * Vj,), where k is a
= 'IOIT (eq. 2) constant. More exactly:

lin = k- Vin

The charge current that is sourced by Pin 7 Cpin7 - VREGUL (eq. 4)
[1 pin7 = BORAV2 * (Vping)?] is constant at a given input ~ Where : k = constant = [120 WL (Vpin2)2] '
voltage (\bin4 is proportional to the output voltage)iz ) ) _ )
that is the capacitor connected between Pin 7 and ground The input current is then proportional to the input

is also a constant. Hence, the power factor coomds voltage. Hence, the ac line current is properly shaped.
achieved when theroy (t; + to)/T term is constant. One can note that this analysis is also valid in the CRM
The output of the regulation block @énTroL) IS case. This condition is just a particular case of this

linearly changed into a signal f¢cul) varying between  functioning where g= 0), which leads to{t+ = T) and

0 and 1 V. (\keguL) is the voltage that is injected into the (VTon= VREGUD- Th‘"_"t 1S Whyth_e NCP1605 automatically
PWM section to modulate the MOSFET duty—cycle. adapts_to the condlt_lons and jumps from DCM an_d CRM
However, like the NCP1601, the NCP1605 inserts some(@nd vice versa) without power factor degradation and
circuitry that processes Récul) to form the signal without dlsco_ntln_uny in the power delivery. _

(VTon) that is used in the PWM section instead of Reémark: Like in the NCP1601, the "¥on processing
(Vreaul) (see Figure 56). () is modulated in response circuit” is f‘mforrr_]ed” Whgn there is an OVP condltlpn, not

to the dead-time sensed during the precedent currenfO Over—dimension ¥on in that conditions. Otherwise, an
cycles, that is, for a proper shaping of the ac line currentOVP sequence would be viewed as a dead-time phase by

(refer to NCP1601 data sheet). This modulation leads to: the circuit and ¥on would inappropriately increase to
compensate it.
T - VREGUL

t1 +t e . . J
VTON = Thtt or: VTON * % = VREGUL Similarly, the “Vron processing circuit” is inhibited for
(eq. 3) a skip sequence not to over—dimensiord\’ in this case
(refer to Figure 56).
timing capacitor PWM
saw-tooth comparator
‘ | NN >e—F to PWM latch
ch
PWM Comparator OAL Vion
VREGUL 21 + )
Closed When E— > S3 SKIP
Output Low Turns Off MOSFET Cc1
== Vion ¢ OFF
Cramp INL, S1 =
0 —o<]—< ovP
= = —> Vton during (t1+t2)
—=> 0V during t3 (dead-time) S2 gT
‘ _ " .
Vien > Vton*(t1+t2)/T in average X1 (high during
- dead-time)
! Ramp Voltage
|—| m l Figure 56. V ton Processing Circuit
PWM Outtage The integrator OA1 amplifies the error between VgggyL and
Figure 55. PWM Circuit and Timing Diagram IN1 so that in average, (Vton*(t1+t2)/T) equates VReguL -
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Figure 57. Input Voltage and On-time vs Time (examp

Regulation Block and Low Output Voltage Detection

A transconductance error amplifier with accesshi® t
inverting input and output is provided. It featueetypical
transconductance gain of 200S 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 (feedback pin — Pin 4).
The bias current is minimized (less than 500 nA) to allow
the use of a high impedance feedback network. Tgub
of the error amplifier is pinned out for external loop
compensation (Pin 3). Typically a capacitor inthege of

100 nF, is applied between Pin 3 and ground, to set the

regulation bandwidth below 20 Hz, as need in PFC
applications.

Vout LOW  pfcOK l 200 pA
Detect
0.955*Vref /¢ Error
EB ~. Amplifier
Vref "_>_ 20 uA l
Veontrol OVLfIaglt ,
l ~— — ¢
OFF Vi .,
2R Vi
= 3V EA VREGUL =
R

Figure 58. Regulation Block

Provided the low bandwidth of the regulation loomrph
variations of the load, may result in excessive cued
undershoots. Overshoots are limited by the Ovegelt
Protection (see OVP section). To contain the undetshan
internal comparator monitors the feedback;y and when
Vpina is lower than 95.5% of itsominal value, it connects a

le with F gy = 100 kHz, Pin =150 W, V ac = 230 V, L = 200 uH)

The swing of the error amplifier output is limitadthin
an accurate range:
® |t is forced above a voltage drop)\by some circuitry.
® |t is clamped not to exceed 3.0 V + the samevdltage

drop.

Hence, \pjn3 features a 3 V voltage swingpzis then
offsetdown by (\f) and divided by three before it connects
to the “Vron processing block” and the PWM section.
Finally, the output of the regulation is a signal §p&uL”
of the block diagram) that varies between 0 and 1 V.

VREGUL

ov

: : V,

Ve 3V Ve CONTROL

Figure 59. Correspondence between V  conTROL
and VgrecuL

200 puA current source to speed-up the charge of the
compensation capacitor (Cpin3). Finally, it is likethe
comparator multiplied the error amplifier gain by 10.

One must note that this circuitry for undershaatgétion,
is not enabled during the startup sequence of theskige
but only once the converter has stabilized (thathen the
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“pfcOK” signal of the block diagram, is high). This i

because, at the beginning of operation, the Pin 3 itapac

must charge slowly and gradually for a soft—startup.
Remark: As shown in block diagram, the circuitry for

Hence, one obtains the Follower Boost characiesistihe
“Follower Boost” is an operation mode where the
pre—converter output voltageabilizes at a level that varies
linearly versus the ac line amplitude. This techaigims at

undershoots limitation is disabled as long as Pin 3 @etec reducing the gap between the output and input voltemes

standby conditions (Mn3 < 300 mV). This is to suppress the
risk of audible noise in standby thanks to the-stéirt that
softens the bursts.

On-Time Control for Maximum Power Adjustment

As aforementioned, the NCP1605 processes the erro

amplifier output voltage to form a signal4fyj) that is used
by the PWM section to control the on-time.1€y)
compensates the relative weight of the dead-tigeesees
measured during the precedent current cycles. Duniag t
conduction time of the MOSFET, Pin 7 sources aectithat

is proportional to the square of the voltage appl@ePin 4
(feedback pin). Practically, as Pin 4 receives aqoif the
output voltage (MuT), lpin7 is proportional to the square of

Vour

r

optimize the boost efficiency dmminimize the cost of the
PFC stage (refer to the MC33260 data sheet for more
information, at:
http://ww.onsemi.com/pub/Collateral/MC33260-D.PDF ).
Remark: the timing capacitor applied to Pin 7 is
discharged and maintained grounded when the driavis |
Furthermore, the circuit compares the Pin 7 voltEmgan
internal reference 50 mV and prevents the PWM latmin
being set as long aspy7 is higher than this low threshold.
This is to guarantee that the timing capacitor rigperly
discharged before starting a new cycle.

Current Sense and Zero Current Detection
The NCP1605 is designed to monitor a negative weltag
proportional to the coil current. Practically, a cotreense

The MOSFET tums off when the Pin 7 voltage exceeds regjstor (R9 is inserted in the return path to generate a

VTon- Hence, the MOSFET on-time (t1) is given by:

Cpin7 VTON .
= ————— where k is a constant.
kVouT?

negative voltage proportional to the coil curréng§. The
circuit uses \¢sfor two functions: the limitation of the
maximum coil current and the detection of the caser

The coil current averaged over one switching period is: (Coil demagnetization). To do so, the circuit incetes

VINt1(t1 + t2)
2L T

<lcolL > T = IIN() =

an operational amplifier that sources the curreoesgary
to maintain the CS pin voltage null (refer to FigG. By
inserting a resistor &-p between the CS pin and:R we

Where |n(t) and M(t) are the instantaneous input current adjust the CS pin current as follows:

and voltage, respectively, is the core reset time and T is the
switching period. Hence, the instantaneous inputepds/
given by the following equation:

Cpin7 VIN2  VTON (t1 + t2)
PIN(®) = VINOIN®) = 2LKVoUT? | T

As aforementioned, we haverdy (t1 + ©)/T = VReGUL
where \keguL is the signal outputted by the regulation
block. Hence, the average input power is:

_ Cpin7 Vac?
" 2Lk VouT?

<PIN > VREGUL

The maximum value of NeguL being 1 V, the maximum
power that can be delivered is:

Cpin7 Vac?

2Lk VouT?

To the light of the last equations, one can naiettre PFC
power capability is inversely gportional to the square of the
output voltage. One sees that if the power dematabihigh
to keep the regulation, R¢cu=1V) and the power delivery
depends on the output voltage level that stabilipethe
following value:

/ Cpin71V
VouT = 20 knPOUT Vac
Where:

® Poyt is the output power.
® Andn is the efficiency.

< PIN > MAX =

— [RcsIcolL] + [RocP Ipins] = Vpins = 0

Which leads to:
% IcolL
In other words, the Pin 5 current is proportionaht® ¢oil
current.
Ipins is utilized as follows:
o If | pjps exceeds 250A, an overcurrent is detected and
the PWM latch is reset. Hence, the maximum coll
current is:

Ipins =

Rocp
| max = ——— 250 uA
(Icol) RCs W

The propagation delay (Ipin5 higher than 229 to
(drive output low) is in the range of 100 ns, tytlie

® The Pin 5 current is internally copied and sourced by
Pin 6. Place a resistor gl3g between Pin 6 and ground
to build a voltage proportional to the coil currenteTh
circuit detects the core reset whegnd drops below
100 mV, typically. The Pin 6 voltage equating:

Rpin6 - R

Vpiné = % lcolL .

the coil current threshold for zero current detection is:
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Figure 60. Current Sense Block

The CS block performs the overcurrent protection and the zero current detection.

The propagation delay Py lower than 100 mV) to (drive
output high) is in the range of 300 ns, typically.

The Zero Current Detection:

® |s used to detect the dead-time sequences (“DT” high)

and hence, to process+{yy) from the error amplifier
output (MconTrOL)- In other words, this is an input of
the on-time modulation block.

® Prevents the MOSFET from turning on as long as the
“DT” and “ZCD” signals are low. This is the case as
long as some current flows through the coil. This

delaying action on the output stage tends to make the

MOSFET turn on at the valley. To further optimize the
valley switching, one can apply the voltage of an
auxiliary winding to Pin 6 (C§yt). The voltage is
compared to an internal 100 mV reference, so that
ZCD turns high only if (\ine < 100 mV).

Remarks:

® A resistor can be placed between Pin 6 and ground to

increase the ZCD precision.

e |t is worth highlighting that the circuit permanently

senses the coil current and that it prevents any turn on
of the power switch as long as the core is not reset.
This feature protects the MOSFET from the possible
excessive stress it could suffer from, if it was allowed
to turn on while a huge current flows through the coil.
In particular, this scheme effectively protects the PFC
stage during the startup phase when huge in-rush
currents charge the output capacitor.

In addition this detection method does not require any
auxiliary winding. A simple coil can then be used in
the PFC stage.

It is recommended to:

1. Keep Rcpequal to or lower than Xk

2. Choose Rcp as high as possible but not bigger
than (3 x Rcp. This is to avoid that the Pin 6
leakage prevents a proper zero current detection.
For instance, if Bcpis 2.2 K2, Rz¢cp should not
exceed 6.6 R.
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3. Place a resistorggy between the drive pin and NCP1605 dedicates one specific pin for the undervoltage
Pin 6 to ease the circuit detection by creating and overvoltage protections. The NCP1605 configuration
some over-riding at the turn on instanpg} allows the implementation of two separate feedback
should be selected in the range of 3 timesdr networks (see Figure 62):

For instance, if Rcp is 6.2 K2, a 22 K€ resistor — One for regulation applied to Pin 4.
can be used for iy — Another one for the OVP function.

Overvoltage Protection
While PFC circuits often use one single pin for both the
Overvoltage Protection (OVP) and the feedback, the

Vout (bulk voltage) Vout (bulk voltage)
1 T
an EHp— FToh—
—|[2 15p- Routl§ —||2 15p- §Rovpl
OVP
R § |3 4pF—— || 3 14 &
out3 FB FB
)[4 13— — || 4 13—
—qd||5 12— 4|5 12—
Rout2 |6 1P Rout2 gl 1pP- Rova
—O||7 10— 0|l 7 10—
= —|[s 9p- L —|ls 9p— =
Figure 61. Configuration with One Feedback Figure 62. Configuration with Two Separate
Network for Both OVP and Regulation Feedback Networks

The double feedback configuration offers some PfcOK/REF5V Signal
up—graded safety level as it protects the PFC staga if The NCP1605 can communicate with the downstream
there is a failure of one of the two feedback arrangementsconverter. The signal “pfcOK/REF5V is high (5 V) when
However, if wished, one single feedback arrangement isthe PFC stage is in normal operation (its output voltage is
possible as portrayed by Figure 61. The regulation andstabilized at the nominal level) and low otherwise.
OVP blocks having the same reference voltage, theMore specifically, “pfcOK/REF5V” is low:
resistance ratio Rout2 over Rout3 adjusts the OVP 4 During the PFC stage startup, that is, as longes t

threshold. More specifically, output voltage has not yet stabilized at the rigtel.

The bulk regulation voltage is: The startup phase is detected by the latahr(i’ of the
Vout = Rout1 + Rout2 + Rout3 Vref block diagram. “Istug’ is set during each “off’ phase so
Rout2 + Rout3 that its output (“STUP”) is high when the circuitters
The OVP level is: an active phase. The latch is reset when the error
Vowp = Routl + Rout2 + Rout3 | Vref amplifier stops charging its output capacitor, that
Rout2 when the output voltage of the PFC stage has rdathe
The ratio OVP level over regulation level is: desired regulation level. At that moment, “STUP” falls
Vowp _ 14 Rout3 down to indicate the end of the startup phase.
Vout Rout2 ® In case of a condition preventing the circuit from
For instance, (¥vp = 105% * \hyy) leads to the operating properly, i.e., during thec¥ charge by the
following constraint: (Bytz = 5% * Rout2)- high voltage startup current source, in a Brown—out
As soon and as long as the circuit detects thabitygut case or when one of the following major faults turns
voltage exceeds the OVP level, the power switch is turned off the circuit:
off to stop the power delivery. - Incorrect feeding of the circuit (“UVLO” high when
Remark: Like in the NCP1601, the "N processing V<V ccOFF, VccOFF equating 9 V typically).
circuit” is “informed” when there is an OVP condition, not - Excessive die temperature detected by the thermal
to over—dimension Yoy in that conditions. Otherwise, an shutdown.
OVP sequence would be viewed as a dead-time phase by Undervoltage Protection
the circuit and \fon would inappropriately increase to - Latched off of the circuit (when the “STDWN” pin,
compensate it (refer to Figure 56). Vpin13 exceeds 2.5 V).
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And “pfcOK/REF5V” is high when the PFC output accomplished by monitoring the Pin 1 voltage that must

voltage is properly and safely regulated. “pfcOKHSE” receive a voltage below 300 mV in light load conditio
should be used to allow operation of the downstream Practically, a portion of the feedback signal of the
converter. downstream converter (or some other signal abiledioate

that the power demand is low) should be appliednolPi
Standby Management

The NCP1605 automatically skips switching cyclesmwhe
the power demand drops below a given level. This is

B PFC stage _ B downstream converter
Rectified, - D
AC line /- \AANS ':
—d|[T s p-
—d|2 15p- - *
0|3 14p- +
|4 3p- T . y
—g||5 12~ N T~ |.<_
dlls b Vee | | — SMPS —
f-— controller
-7 10 —
|8 9 31 1
NCP1605 = 1
_]_ +— VW l =
N\
Standby Input c Feed-back of the
Voltage downstream converter
Figure 63. Signal for Standby Detection
In normal operation, the circuit controls tbentinuous In other words, instead of continuously providing the

absorption of the line current necessary for matetie load output with a small amount of power, the circuit operates
power demand. When the voltage applied to Pin & gelow from time to time at a higher power level. As an example

300 mV: and to make it simple, instead of continuously supplying
e The output pulses are blanked and Pin 3 1% of Ryax, the circuit can provide the load with 10% of
(“V conTROL") is grounded. Pmax for 10% of the time. The IC enters the so—calléd s

e The output of the PFC stage being not fed any more, it ¢ycle mode, also named controlled burst operation. This

drops. When the output voltage goes below 95.5% of burst operation is much more efficient compared to a
the regulation level, the circuit resumes operation until continuous poweflow as it drastically reduces the number

“FLAG1” becomes low (what means that the output of pulsations and therefore the switching losses associated
voltage has exceeded the regulation level). to them.

e At that moment, if \jn1 is still below 300 mV, a new
skipping phase starts.
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VCcoNTROL /_.I

................................ _ ~ L.

Vour T S o - ~

: ™ 95.5% of the Regulation Level
................................. ,...p.
SKIP d e J..

b

VOUTL ................................. % ........................................................................ I .............. >

o MMM ...

BT ...,

Figure 64. Standby Management

Remark:

® Skip cycle is not allowed ding the PFC startup phase
to avoid that it interferes with the soft—start. Tsaivhy,
skip cycle is enabled only when “pfcOK” is high.

properly turn on and off the “COMP_OSC” comparator.
Also the synchronization signal must be low impedance
enough not to be distorted by the Pin 8 source aikd sin
currents.

e Each working phase of the burst mode starts smoothly as® The “storing circuitry” that contains a latch anango

Pin 3 is grounded at the beginning of it. This sofirtst
capability is effective to avoid the audible noisatth
could possibly result frorsuch a burst operation.

® The circuit leaves the standby mode when the output
voltage goes below 95.5% of its regulation |esed
Vpin1 is above 330 mV (300 mV + 30 mV hysteresis).

Oscillator/  Synchronization Section

The oscillator generates the clock signal to sefPihi
latch and turn the MOSFET on. The oscillator frequeacy
set by the capacitor that is applied to Pin 8. Tyjyical
820 pF force about 60 kHz. The maximum allowable
oscillator frequency is 250 kHz. The clock frequency ca
also be driven by an external synchronization signal.

This block contains two main parts (refer to Figusg 6

® The arrangement that consists of charging/disatgrgi
current sources, a switch and a comparator. When used
in oscillator mode, a capitor is connected between
Pin 8 and ground. A current source (139 charges the
Pin 8 capacitor until its voltage exceeds VoscH.hat t
moment, the comparator (‘“COMP_OSC”) turns high and
activates the discharge current source (28D As a
consequence, Pin 8 actually sinks 1@0that discharge
the oscillator capacitor to VoscL. At that momeng th
comparator turns low and initiates a new chargeephfs
the circuit is to be externally triggered, the
synchronization signal must cross VoscL and VoscH to

gates. The raising edge of the “COMP_OSC” output sets

the “CLOCK Generation” latch to turn high the “CLK”"

signal. If the timing capacitor of Pin 7 is properly
discharged (¥jng <50 mV leading to “GOK” high), the

PWM block is ready for a new cycle and “CLK” can

force the signal “¥e7' in high state. As a consequence,

the PWM latch sets. In addition, &¢7" resets the

“CLOCK Generation” latch to make it ready for the next

oscillator cycle. The two inverters of Figure 66, gliyn

generate some delay to ensure thadg¥ keeps high

long enough to set the PWM latch and reset the

“CLOCK Generation” latch (longer delay than that

produced by the two gates, may actually be necessary).

The oscillator / Synchronization block is desigieedet the
switching frequency.

However, the coil current cgossibly be non zero at the
end of a clock period and the circuit would entent®mious
Conduction Mode (CCM) if the MOSFET turned on in that
moment. In order to prevent CCM, the “storing ciiguliof
the oscillator / synchronization block, memorizes the
“COMP_OSC” rising edge (thanks to the “CLOCK
Generation” latch) and delays the next MOSFET cotioiu
time until the coil current has totally vanishdubftis until the
signal “DT” is high — “DT" is generated by the cent sense
block so that it is high during the dead-time and lo
otherwise). In other words, CRM operation is oledifrefer
to Figure 65).
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delay
/_/\_\
CLK

Clock | | | | | | | | (PWM latch

100 uA SET input)
CI:EIS;:I(; l [ | | | | | | COMP_OSC

SN OsciSync | =" | Generation DT
Set| | I | | L[] Oo— Latch g (‘DT is high
Signal S during the
] dead-time)
Inductor _ VoscH/VosclL Ct_ OK
Current Time
;
Discontinuous Mode Critical Mode =
Figure 65. Oscillator Timing Diagram Figure 66. Oscillator / Sy  nchronization Block
HV
16— hv
l 15mA/ 0
HVCS_ON
15V /7V>—1+
W)
[ i
: L
+ Aucxiliary
:_ UVLO anp T €V6€ 3 Winding
9V >—4 r
(When high, "UVLO” indicates that the circuit is not properly fed and it sets the Fault latch to turn off the circuit)
Figure 67. The Current Source brings V ¢ above 15 V and then Turns Off
Startup Sequence / V ¢c Management the NCP1605/B). One can note that the startup current

At the moment when the PFC stage is plugged to thesource ion during the \¢&c charging phase aruff for the
mains outlet, the internal current source starésgihg the rest of the time. Hence, it spends no power dutiegPFC
Vcc capacitor. More generally, the startup current source stage operation and in particular, in light load conditions.
is enabled whenever 3¢ drops below ¥“cSTUP (7, That is why the NCP1605 helps meet the most stringent
typically). When \&c exceeds the ycON level (typically standby requirements.
15V for the NCP1605 and NCP1605B, 10.5 V for the
NCP1605A), the current source turns off and the circuit Remarks:
starts pulsing. ® Some circuitry (not represented in Figure 67) limits

The energy stored by the-¥ capacitor serves to feed the ~ the HV pin current to IC2 (below 1 mA) if thec¥!
controller andsome auxiliary supply must take over before  Voltage is below ¥cINHIBIT. This protects the

Vcc drops below \AcOFF (9 V, typically), that is, the level circuit when the ¢c pin is accidentally grounded.
below which the circuit stops pulsing. The full current capability (around 15 mA) is obtained
Hence, the circuit starts operating when tkg: Voltage when Vcc exceeds ¥cINHIBIT.

exceeds ¥cON and stops pulsing whenddrops below ~ ® The circuit is also kept off when the startup current
VccOFF. The hysteresis (6V for the NCP1605 and Source is on to make a clear distinction between the
NCP1605B, 1.5 V for the NCP1605A) prevents erratic  Vcc charge phase and the operating sequence (refer to
operation as the 3¢ crosses the §cON threshold. “HVCS_ON" signal on block diagram).

Figure 67 shows the internal arrangement of this
structure (the ¥c turn on threshold of Figure 67 is that of
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Brown—Out Detection_ _ _ _ Veiro = 2/2vac Rbo?2
The brown—qut pin receives a port!on of the mpdtagn pin2 = —x Rbol + Rbo2’
(ViN)- As V)N is a rectified sinusoid, a capacitor must
integrate the ac line ripple so that a voltage pridpnal to
the average value of (V) is applied to the brown—out pin.
The brown-out block detects too low input voltage
conditions. A hysteresis comparator monitors the Pin 2
voltage. Before operation, the PFC stage is offthadnput
bridge acts as a peak detector. Hence, the voltage applie

i.e., about 64% of the previous value. Therefore, the same
line magnitude leads to apy;» voltage that is 36% lower
when the PFC is working than when it is off (refer to
Figure 69). That is why the NCP1605 features a 50%
hysteresis (BoL = 50% VgoH).

d When the circuit starts operation, the input voltage

o i equates the ac line peak.
to Pin 2 is:
Hence, the initial threshold of the Brown-Out
Rpbo2 comparator, must be the upper one (V =VgoH =1V
Vpin2 = J2Vac=———=——. , BO BO
pin2 2vac Rbol + Rbo2 when the NCP1605 leaves the off mode).

After the PFC stage has started operation, the input When a brown-out condition is detected, the signal
voltage becomes a rectified sinusoid and the voltage BO_NOK” turns off the circuit (refer to block diagram).
applied to Pin 2 is:

Vin ‘ ‘ ‘ | ‘ ‘

. Start of PFC 5. i
A?Chr%e 4001 Operation V2 Vac - sin(eet) —
V
R SIN
- bol 1V/05V . BO_NOK 'R SR S \
o 0 :'H / /\ /\ /\ /\ /\ /\
200

il B A \V/ AL
1 LT

Res

Figure 68. Brown—-Out Block Figure 69. Typical Input Voltage of a PFC Stage

Thermal Shutdown (TSD) the voltage reference used for the regulation and the

An internal thermal circuitry disables the circuit gate overvoltage protection. The circuit also incorporates a
drive and then keeps the power switéhwhen the junction  precise current referencggds) that allows the Overcurrent
temperature exceeds IHD typically. The output stage is  Limitation tofeature at6% accuracy over the temperature
then enabled once the temperature drops below aboutange.
100°C (5¢°C hysteresis).

The temperature shutdown keeps active as long as thé&FF Mode
circuit isnot reset, that is, as long agd/keeps higher than As previously mentioned, the circuit turns off in the
VccRESET. The reset action forces the TSD threshold to following cases:
be the upper one (190). This ensures that any cold startup ® When the high voltage, startup current source charges
will be done with the right TSD level. the Vcc capacitor.

e \When one of the following major faults is detected:

The output stage contains a totem pole optimized to® Incorrect feeding of the circui_t (‘UVLO” high when
minimize the cross conduction current during high Vee<VecOFF, VecOFF equating 9 V typically).

frequency operation. The gate drive is kept in a sinking ® Excessive die temperature detected by the thermal
mode whenever the Undervoltage Lockout is active or shutdown.

more generally whenever the circuit is off (i.e., when the ® Brown—Out condition.

“Fault Latch” ofthe block diagram is high or when the HV e Undervoltage Protection.

current source is on). Its high current capability o Vpin13 higher than 2.5 V (“STDWN?” of the block
(-500mA/+800 mA) allows it to effectively drive high diagram turns high).

gate charge power MOSFET. Generally speaking, the circuit turns off when the
Reference Section conditions are not proper for good operation. Ia thode,
The circuit features an accurate internal reference the controller stops operating. The major parhefdircuit

voltage (\kep). VReris optimized to be:3% accurate over ~ SI€€PS and its consumption is minimized (< 9.
the temperature range (the typical value is 2.5 \Repis

Output Drive Section
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More specifically, when the circuit is in OFF state:
® The drive output is kept low
e All the blocks are off except:
1. The UVLO circuitry that keeps monitoring the

® The Pin 3 capacitor is discharged and kept grounded
along the OFF time, to initialize it for the next
operating sequence, where it must be slowly and
gradually charged to offer some soft-start.

V¢ voltage and controlling the startup current

source accordingly.

abhwWN

. The TSD (thermal shutdown)

. The “STDWN” latch that stores its output state.

. The Undervoltage Protection (“UVP”).

. The brown-out circuitry. One must note that the
comparator is reset during the latched-off phase

® The “pfcOK” pin is grounded.

® The output of the “Y¥on processing block” is

so that its threshold is the upper one (1 V) when
the circuit enters the active phase (refer to next
“V cc sequencessection).

6. The high voltage, startup current source when the
circuit is in startup phase (that is whepMs
lower than \&cSTUP).

grounded

Vcc Sequences
The following table summarizes the state of the circuit
in accordance to thed¢ level.

V¢ Conditions

“OFF” is Low
(no condition forces the circuit off)

“OFF” is High
(due to some protection like the thermal shutdown)

Ve exceeds VecON

= the circuit enters the
working phase

The startup current source is disabled
The circuit is fully active

The startup current source is disabled
The circuit is in OFF state

V¢ drops below VccOFF

= the circuit enters the
latched-off phase

The circuit is in OFF state
The brown-out block resets during the

latched-off phase so that its comparator
threshold is forced to be the upper one (1 V)

The circuit is in OFF state
The brown-out block resets during the latched-off

phase so that its comparator threshold is forced to be
the upper one (1 V)

Ve goes below VecSTUP

= the circuit enters the
startup phase

The high voltage, startup current source turns
on to charge Vcc.

The drive output and the “pfcOK” are in low
state (the circuit is off)

All the circuit blocks are reset except:

The thermal shutdown (TSD) and the
brown-out block that keep operating

The “STDWN?” latch.

The high voltage, startup current source turns on to
charge Vcc.

The drive output and the “pfcOK” are in low state (the
circuit is off)
All the circuit blocks are reset except:

The thermal shutdown (TSD) and the brown-out
block that keep operating

The “STDWN?” latch.

Ve goes below VecRESET
= the circuit resets

The high voltage, startup current source is on.

The whole circuitry is reset including the
“TSD” and the “STDWN?” latch. After reset,
the TSD threshold is 150°C and the output of
the “STDWN latch” is low.

The high voltage, startup current source is on.

The whole circuitry is reset including the “TSD” and the
“STDWN?" latch. After reset, the TSD threshold is 150°C
and the output of the “STDWN latch” is low.

The figures on the following pages portray the circuit behavior during a startup phase:
® |n case of normal conditions (Figure 70).
® As a function of the brown—out pin voltage (Figure 71).
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Remarks:

The VconTroL signal does not necessarily reach its
clamp level (3.7 V) depending of the load and of thetesy

NCP1605, NCP1605A, NCP1605B

while VconTroL keeps below its upper limit.

Vee

Vour

VcoNTROL

Flagl

Circuit State

pfcOK

Drive Output

Vout Regulation Level

L T

VeonTRoL MAX = 3.7 V

A

[

[ | These re—activations of “Flagl” result from Voyt
1 i 100 or 120 Hz ripple (not represented here for the
1

| | {_ sake of clarity)
1 |
1 |
|
OFF |
-------------- T 11
[ |
!
-
- e L e PR P >
!
|

.._lllﬂlilﬂlﬂlﬂlllllllJIIJIlIIllllllllUIIIIlIllllllUIIllllllllllllllllllllllllllllllllllllIL,.

Figure 70. Startup Phase in Normal Conditions

WWW. onsemi.com
29

The output voltage exhibits a 100 or 120 Hz ripple (at
twice the line frequency). This ripple is also nmsin the
time constants. In particular, if the circuit starts operation VconTroOL VOltage even if it is attenuated due to the
in light load and if the bulk capacitor is not too large, the regulation low bandwidth. Like that ofd{T, this ripple is
output voltage Wyt generally exceeds the regulation level not represented in Figure 70, for the sake of the clarity.
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The Circuit is Off > Low Consumption
VccON i /

: VccOFF
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.................................................................. -
Vout Regulation Level
Vour
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05V
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Figure 71. Startup and Brown Out Conditions

When the high voltage, startup current source is on, the brown-out is active and its threshold is the upper one (Vgg = VgoH = 1 V).

Fault Management Block

When any of the following faults is detected: brewat Internal
("BO_NOK"), Undervoltage (“UVP"), shutdown Thermal
(“STDWN?”), Die Overtemperature (“TSD"), the circuit Shutdown 50 NOK
immediatelyturns off andecovers operation as soon as the TSDY VP -
fault disappears. Stdwn

In case of UVLO (\c too low to allow operation), the
circuit keeps off until the end of the next¥ charge phase
by the HV startup current source. uvLo ——s Q

The following block diagram details the function. (Vee<VecOFF) RL['XtIEﬁ

HVCS_ON OFF

Figure 72. Fault Management Block
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The above figure shows how the circuit recovers after a brown—out event.

Figure 73.

L J

oA
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]

STARTUP CURRENT (mA)
I
4

I~

0O 02 04 06 08 10 12 14 16 18 20 22
Ve VOLTAGE (V)
Figure 74. Startup Currentvs. V ¢ Voltage

VCC _inhibit is defined as the point at which IC2 current reaches 1 mA at this point VCC is logged as VCC_inhibit. At
5 mA the current becomes the IC2 startup current.

Soft-Skip is a trademark of Semiconductor Components Industries, LLC (SCILLC).
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15. EMITTER 15. ANODE 15. EMITTER, #4 15. BASE, #1 8xX
16. COLLECTOR 16. CATHODE 16. COLLECTOR, #4 16. EMITTER, #1 | 6.40
STYLE 5 STYLE 6 STYLE 7 16X 1.1 2“‘_'
PIN1. DRAIN, DYE #1 PIN1. CATHODE PIN1. SOURCE N-CH
2. DRANN, #1 2. CATHODE 2. COMMON DRAIN (OUTPUT) I 16 ]
3. DRAIN, #2 3. CATHODE 3. COMMON DRAIN (OUTPUT) _L
4. DRAIN, #2 4. CATHODE 4. GATE P-CH ] —
5. DRAIN, #3 5. CATHODE 5. COMMON DRAIN (OUTPUT) 16X }’
6. DRAIN, #3 6. CATHODE 6. COMMON DRAIN (OUTPUT) 058 1 [ —
7. DRAIN, #4 7. CATHODE 7. COMMON DRAIN (OUTPUT) !
8. DRAIN, #4 8. CATHODE 8. SOURCE P-CH
9. GATE, #4 9. ANODE 9. SOURCE P-CH ] _ _ 1
10. SOURCE, #4 10.  ANODE 10.  COMMON DRAIN (OUTPUT)
11. GATE, #3 11. ANODE 11. COMMON DRAIN (OUTPUT) —1 ]
12. SOURCE, #3 12. ANODE 12. COMMON DRAIN (OUTPUT)
13. GATE, #2 13, ANODE 13, GATE N-CH — | — 1.27
14. SOURCE, #2 14, ANODE 14, COMMON DRAIN (OUTPUT) PITCH
15, GATE, #1 15. ANODE 15, COMMON DRAIN (OUTPUT) — —3
16.  SOURCE, #1 16. ANODE 16.  SOURCE N-CH
s o t=1 T
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