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Figure 1. Pin Connections

GND/PGNDOVP2
DRVPG adj.
VCCVref
MLBO adj.

ON/OFF
BridgePG out
MURt
VbootSS

Skip/AGNDFB
CS/FFVCTRL

1 24

FoldLBO
CSVM

PIN DESCRIPTION

Pin N� Pin Name Function Pin Description

1 SS Soft−start A capacitor to ground sets the LLC soft−start duration

2 Rt The LLC feedback pin A resistive arrangement sets the maximum and minimum
switching frequencies with opto coupler−based feedback
capabilities.

3 PG out The open−collector power good signal This pin is low when Vbulk is ok, opens when Vbulk passes
below a level adjusted by PGadj pin.

4 on/off Remote control When pulled low, the circuit operates: the PFC starts first and
once FB is in regulation, the LLC is authorized to work. When
left open, the controller is in idle mode.

5 BO adj. Brown−out adjustment This pin sets the on and off levels for the PFC powering the
LLC converter

6 Vref The 5 V reference pin This pin delivers a stable voltage for threshold adjustments

7 PG adj. The power good trip level From the Vref pin, a dc level sets the trip point for the PFC
bulk voltage at which the PG out signal is down.

8 OVP2 Redundant OVP A fully latched OVP monitoring the PFC bulk independently
from FB pin.

9 FB PFC feedback Monitors the boost bulk voltage and regulates it. It also serves
as a quick auto−recovery OVP

10 VCTRL PFC Error amplifier output PFC error amplifier compensation pin

11 VM PFC current amplifier output A resistor to ground sets the maximum power level

12 LBO PFC line input voltage sensing Line feed forward and PFC brown−out

13 Fold PFC fold back This pin selects the power level at which the frequency starts
to reduce gradually.

14 CS PFC current sense This pin senses the inductor current and also programs the
maximum sense voltage excursion

15 CS/FF Fast−fault input When pulled above 1 V, the LLC stops and re−starts via a full
soft−start sequence.

16 Skip/AGND Skip (B)/AGND (A) This pin is either used as the analog GND for the signal circuit
(A) or for skip operation (B).

17 GND/PGND GND (B)/PGND (A) The controller ground for the driving loop (A) or the lump
ground pin for all circuits (B)

18 DRV PFC drive signal The driving signal to the PFC power MOSFET

19 VCC The controller supply The power supply pin for the controller, 20 V max.

20 ML Lower−side MOSFET Drive signal for the lower side half−bridge MOSFET

22 Bridge Half−bridge This pin connects to the LLC half−bridge

23 MU Upper−side MOSFET Drive signal for the upper side half−bridge MOSFET

24 Vboot Bootstrapped Vcc The bootstrapped VCC for the floating driver
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Figure 4. Internal PFC Block Diagram
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MAXIMUM RATINGS TABLE

Symbol Rating Value Unit

VBridge Continuous High Voltage bridge pin, pin 22 −1 to 600 V

VBOOT–VBridge Floating supply voltage, pin 24−22 −0.3 to 20 V

VMU, VDRV High side output voltage, pin 23 VBRIDGE − 0.3 to
VBOOT + 0.3

V

VML Low side output voltage, pin 18, 20 −0.3 to VCC + 0.3 V

dVBridge/dt Allowable output slew rate on the Bridge pin, pin 22 50 V/ns

VCC Power Supply voltage, pin 19 20 V

Pin voltage, all pins (except pin 2, 6, 18 − 24, GND) −0.3 to 10 V

RθJA Thermal Resistance Junction−to−Air
50 mm2, 1 oz
650 mm2, 1 oz

80
65

°C/W

Storage Temperature Range −60 to + 150 °C

ESD Capability, Human Body Model (All pins except VCC and HV) 2 kV

ESD Capability, Machine Model 200 V

VCC Power Supply voltage, pin 19 20 V

Pin voltage, all pins (except pin 2, 6, 18 ~ 24, GND) −0.3 to 10 V

VRt Rt pin voltage −0.3 to 5 V

Vref_out Vref pin voltage −0.3 to 7 V

IMAX Pin current on pin 10, 12, and 13 0.5 mA

IPGout Pin current on pin 3 5 mA

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.
1. This device(s) contains ESD protection and exceeds the following tests:

Human Body Model 2000 V per JEDEC Standard JESD22−A114E
Machine Model 200 V per JEDEC Standard JESD22−A115−A

2. This device contains latch−up protection and exceeds 100 mA per JEDEC Standard JESD78.

ELECTRICAL CHARACTERISTICS (For typical values TJ = 25°C, for min/max values TJ = −40°C to +125°C, Max TJ = 150°C, 
VCC = 12 V unless otherwise noted)

Symbol Rating Pin Min Typ Max Unit

COMMON TO BOTH CONTROLLERS

SUPPLY SECTION

VCC(on) Turn−on threshold level, VCC going up 19 9.4 10.4 11.4 V

VCC(min) Minimum operating voltage after turn−on 19 8 9 10 V

VCC(Hys) Hysteresis between VCC(on) and VCC(min) 19 1.2 − − V

VBoot(on) Startup voltage on the floating section 24,22 7.8 8.8 9.8 V

VBoot(min) Cutoff voltage on the floating section 24,22 7 8 9 V

Istartup Startup current, VCC < VCC(on) 19 − − 100 �A

ICC1 PFC consumption alone, DRV pin unloaded, on/off pin grounded,
LLC off (PFC is 65 kHz)

19 − 5.1 6.4 mA

ICC2 PFC consumption, DRV pin loaded by 1 nF, on/off pin grounded, LLC
off (PFC is 65 kHz)

19 − 5.9 7.4 mA

3. In normal operation, when the power supply is un−plugged, the bulk voltage goes down. At a first crossed level, the PG pin opens. Later,
when the bulk crosses a second level, the LLC turns off. There is no timing link between these events, except the bulk capacitor discharge
slope. However, if for an unknown reason the PFC is disabled (fault, short−circuit), the PG pin immediately opens and if sufficient voltage
is still present on the bulk (e.g. in high line condition), the LLC will be disabled after a typical time of 5 ms.

4. Guaranteed by design.
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ELECTRICAL CHARACTERISTICS (For typical values TJ = 25°C, for min/max values TJ = −40°C to +125°C, Max TJ = 150°C, 
VCC = 12 V unless otherwise noted)

Symbol UnitMaxTypMinPinRating

COMMON TO BOTH CONTROLLERS

SUPPLY SECTION

ICC4 IC consumption, both PFC and LLC loaded in no load conditions
(PFC is 65 kHz and Rt = 70 k� (LLC is 25 kHz))

19 − 5.9 7.2 mA

ICC5 IC consumption, both PFC and LLC loaded 1 nF load conditions
(PFC is 65 kHz and Rt = 70 k� (LLC is 25 kHz))

19 − 6.9 8.6 mA

ICC6 IC consumption in fault mode from Vboot (drivers disabled, Vboot >
Vboot(min))

19 − 64 300 �A

ICC7 IC consumption in OFF mode from VCC (on/off pin is open) 19 − − 950 �A

REFERENCE VOLTAGE

Vref−out Reference voltage for external threshold setting @ Iout = 5 mA 6 4.75 5 5.25 V

Vref−out Reference voltage for external threshold setting @ Iout = 5 mA – TJ =
25°C

6 4.9 5 5.1 V

VrefLineReg Vcc rejection capability, Iout = 5 mA − �VCC = 1 V – TJ = 25°C 6 − 0.01 5 mV

VrefLoadReg Reference variation with load changes, 1 mA < Iref < 5 mA – TJ =
25°C

6 − 1.6 7 mV

Iref−out Maximum output current capability 6 5 − − mA

NOTE: Maximum capacitance directly connected to VREF pin must be under 100 nF.

DELAY

tDEL1 Turn−on LLC delay after PFC OK signal is asserted − 10 20 30 ms

tDEL2 Turn−off LLC after power good pin goes low (Note 3) − 2 5 8 ms

PROTECTIONS

RPull−up on/off pin pull−up resistor 4 − 5 − k�

ton/off Propagation delay from on to off (ML & MU are off) (Note 4) 4 − − 1 �s

Von Low level input voltage on on/off pin (NCP1910 is enabled) 4 − − 1 V

Voff High level input voltage on on/off pin (NCP1910 is disabled) 4 3 − − V

Vop Open voltage on on/off pin 4 − 7 − V

IPG Maximum Power good pin sink current capability 3 5 − − mA

VPG Power good saturation voltage for IPG = 5 mA 3 − − 350 mV

IPGadj Input bias current, PGadj pin 7 − 10 − nA

VPGadjH PG comparator hysteresis 7 − 100 − mV

TSD Temperature shutdown (Note 4) − 140 − − °C

TSDhyste Temperature Hysteresis Shutdown − − 30 − °C

POWER FACTOR CORRECTION

GATE DRIVE SECTION

RPOH Source Resistance @ IDRV = −100 mA 18 − 9 20 �

RPOL Sink Resistance @ IDRV = 100 mA 18 − 6.6 18 �

tPr Gate Drive Voltage Rise Time from 1.5 V to 10.5 V (CL = 1 nF) 18 − 60 − ns

tPf Gate Drive Voltage Fall Time from 10.5 V to 1.5 V (CL = 1 nF) 18 − 40 − ns

3. In normal operation, when the power supply is un−plugged, the bulk voltage goes down. At a first crossed level, the PG pin opens. Later,
when the bulk crosses a second level, the LLC turns off. There is no timing link between these events, except the bulk capacitor discharge
slope. However, if for an unknown reason the PFC is disabled (fault, short−circuit), the PG pin immediately opens and if sufficient voltage
is still present on the bulk (e.g. in high line condition), the LLC will be disabled after a typical time of 5 ms.

4. Guaranteed by design.
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ELECTRICAL CHARACTERISTICS (For typical values TJ = 25°C, for min/max values TJ = −40°C to +125°C, Max TJ = 150°C, 
VCC = 12 V unless otherwise noted)

Symbol UnitMaxTypMinPinRating

POWER FACTOR CORRECTION

REGULATION BLOCK

VPREF PFC Voltage reference − 2.425 2.5 2.575 V

IEA Error Amplifier Current Capability 10 − �30 − �A

GEA Error Amplifier Gain − 100 200 300 �S

IB Bias Current @ VFB = VPREF 9 0 − 0.3 �A

VCTRL
VCTRL(max)
VCTRL(min)
�VCTRL

Maximum Control Voltage @ VFB = 2 V
Minimum Control Voltage @ VFB = 3 V
�VCTRL = VCTRL(max)−VCTRL(min)

10
10
10

−
−

2.7

3.6
0.6
3

−
−

3.3

V

VOUTL / VPREF Ratio (VOUT Low Detect Threshold / VPREF) (Note 4) − 94 95 96 %

HOUTL / VPREF Ratio (VOUT Low Detect Hysteresis / VPREF) − − 0.5 − %

IVLD + IEA Source Current when (VOUT Low Detect) is activated 10 190 230 260 �A

CURRENT SENSE

VS Current Sense Pin Offset Voltage, (ICS = 100 �A) 14 − 10 − mV

ICS(OCP) Over−Current Protection Threshold 14 185 200 215 �A

POWER LIMIT

ICSx VLBO Over Power Limitation Threshold − 215 275 335 �VA

ICS(OPL1)
ICS(OPL2)

Over−Power Current Threshold (VLBO = 1.8 V, VM = 0 V)
Over−Power Current Threshold (VLBO = 3.6 V, VM = 0 V)

− 119
56

153
75

187
99

�A

PULSE WIDTH MODULATION

FPSW PFC Switching Frequency 18 58 65 72 kHz

FPSW(fold) Minimum Switching Frequency (Vfold = 1.5 V, VCTRL = VCTRL(min) +
0.1 V)

18 34 39 43 kHz

DCPmax Maximum PFC Duty Cycle 18 − 97 − %

DCPmin Minimum PFC Duty Cycle 18 − − 0 %

VCTRL(fold) VCTRL pin voltage to start frequency foldback (Vfold = 1.5 V) 10 1.8 2 2.2 V

VCTRL(foldend) VCTRL pin voltage as frequency foldback reducing to the minimum
(FPSW = FPSW(fold), Vfold = 1.5 V)

10 1.4 1.6 1.8 V

Vfold(max) Maximum internal fold voltage (Note 4) − 1.97 2 2.03 V

LINE BROWN−OUT DETECTION

VLBOT Line Brown−Out Voltage Threshold 12 0.96 1.00 1.04 V

ILBOH Line Brown−Out Hysteresis Current Source 12 6 7 8 �A

tLBO(blank) Line Brown−Out Blanking Time − 25 50 75 ms

tLBO(window) Line Brown−Out Monitoring Window (Note 4) − 25 50 75 ms

VLBO(clamp) LBO Pin clamped voltage if VBO < VLBOT during tLBO(BLANK) (ILBO =
100 �A)

12 − 980 − mV

VLBOH Hysteresis (VLBOT – VLBO(clamp)) (Note 4) 12 10 35 60 mV

ILBO(clamp) Current Capability of LBO 12 100 − − �A

VLBO(PNP) LBO pin voltage when clamped by the PNP Transistor (ILBO =
100 �A)

12 0.4 0.7 0.9 V

3. In normal operation, when the power supply is un−plugged, the bulk voltage goes down. At a first crossed level, the PG pin opens. Later,
when the bulk crosses a second level, the LLC turns off. There is no timing link between these events, except the bulk capacitor discharge
slope. However, if for an unknown reason the PFC is disabled (fault, short−circuit), the PG pin immediately opens and if sufficient voltage
is still present on the bulk (e.g. in high line condition), the LLC will be disabled after a typical time of 5 ms.

4. Guaranteed by design.
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ELECTRICAL CHARACTERISTICS (For typical values TJ = 25°C, for min/max values TJ = −40°C to +125°C, Max TJ = 150°C, 
VCC = 12 V unless otherwise noted)

Symbol UnitMaxTypMinPinRating

POWER FACTOR CORRECTION

LINE BROWN−OUT DETECTION

VLBO(PD) Pull Down VLBO Threshold 12 1.8 2 2.2 V

tLBO(Pdlimit) Pull Down VLBO Time Limitation − 4.5 5 6.1 ms

tPFCflag Time Delay to Confirm that VCTRL is the maximum to Pull down VLBO − 2.5 5 7.5 ms

tLBO(Pdblank) Pull Down VLBO Blanking Time − 55 77 90 ms

CURRENT MODULATION

IM1

IM2

Multiplier Output Current (VCTRL =VCTRL(max) – 0.2 V , VLBO = 3.6 V,
ICS = 50 �A)
Multiplier Output Current (VCTRL =VCTRL(max) – 0.2 V , VLBO = 1.2 V,
ICS = 150 �A)

11

11

46

15

58

19

72

24.5

�A

OVER−VOLTAGE PROTECTION

VOVP1 Internal Auto Recovery Over Voltage Threshold 9 2.536 2.615 2.694 V

VOVP1H Hysteresis of Internal Auto Recovery Over Voltage Threshold
(Note 4)

9 − 44 60 mV

tOVP1 Propagation Delay (VFB = 108% VPREF) to Drive Low 9, 18 − 500 − ns

VOVP2 External Latched Over Voltage Threshold 8 2.595 2.675 2.755 V

KOVPH The difference between VOVP2 and VOVP1 over VPREF ((VOVP2 −
VOVP1)/VPREF)

− − 2 − %

tDELOVP2 External Latched OVP Integrating Filter Time Constant − − 20 − �s

Ib,OVP2 Input bias current, OVP2 8 − 10 − nA

UNDER−VOLTAGE PROTECTION

VUVP(on)/VPREF UVP Activate Threshold Ratio 9 4 8 12 %

VUVP(off)/VPREF UVP Deactivate Threshold Ratio 9 6 12 18 %

VUVP(H) UVP Lockout Hysteresis 9 − 4 − %

tUVP Propagation Delay (VFB < 8 % VPREF) to Drive Low 9 − 18 − 7 − �s

PFC ABNORMAL

tPFCabnormal PFC Abnormal Delay Time (VCTRL = VCTRL(max) or VCTRL =
VCTRL(min) – 0.1 V)

− 1 1.5 2.1 sec

LLC CONTROL SECTION

OSCILLATOR

FLsw,min Minimum switching frequency, Rt = 70 k� on Rt pin 2 24.25 25 25.75 kHz

FLsw switching frequency, DTL = 300 ns, Rt = 7 k� on Rt pin 2 208 245 282 kHz

FLsw,max Maximum switching frequency, DTL = 300 ns, Rt = 3.5 k� on Rt pin 2 424 500 575 kHz

DCL Operating Duty−Cycle symmetry 23, 20 48 50 52 %

VrefRt Reference voltage for oscillator charging current generation 2 3.33 3.5 3.67 V

RSS Discharge switch resistance 1 − 70 − �

SSRST Soft−start reset voltage 1 − 200 − mV

VSkip Skip cycle threshold, B version only 16 350 400 450 mV

Vskip,hyste Hysteresis level on skip cycle comparator, B version only 16 − 50 − mV

3. In normal operation, when the power supply is un−plugged, the bulk voltage goes down. At a first crossed level, the PG pin opens. Later,
when the bulk crosses a second level, the LLC turns off. There is no timing link between these events, except the bulk capacitor discharge
slope. However, if for an unknown reason the PFC is disabled (fault, short−circuit), the PG pin immediately opens and if sufficient voltage
is still present on the bulk (e.g. in high line condition), the LLC will be disabled after a typical time of 5 ms.

4. Guaranteed by design.
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ELECTRICAL CHARACTERISTICS (For typical values TJ = 25°C, for min/max values TJ = −40°C to +125°C, Max TJ = 150°C, 
VCC = 12 V unless otherwise noted)

Symbol UnitMaxTypMinPinRating

LLC CONTROL SECTION

DRIVE OUTPUT

TLr Output voltage rise−time @ CL = 1 nF, 10−90% of output signal 23, 20 − 40 − ns

TLf Output voltage fall−time @ CL = 1 nF, 10−90% of output signal 23, 20 − 20 − ns

RLOH Source resistance 23, 20 − 12 26 �

RLOL Sink resistance 23, 20 − 5 11 �

DTL Dead time, measured between 50% of the rise and fall edge 23, 20 268 327 386 ns

IHV,leak Leakage current on high voltage pins to GND (600 Vdc) 22, 23, 24 − − 5 �A

PROTECTIONS

IBOadj Input bias current, BOadj pin 5 − 15 − nA

VBOadjH BO comparator hysteresis 5 − 100 − mV

tBOK BO comparator Integrating Filter Time Constant from High to Low 5 − 150 − �s

tBONOTOK BO comparator Integrating Filter Time Constant from Low to High 5 − 20 − �s

VCS1 Current−sense pin level that resets the soft−start capacitor 15 0.95 1 1.05 V

VCS2 Current−sense pin level that permanently latches off the circuit 15 1.42 1.5 1.58 V

tCS Propagation delay from VCS1/2 activation to respective action 15 − − 500 ns

3. In normal operation, when the power supply is un−plugged, the bulk voltage goes down. At a first crossed level, the PG pin opens. Later,
when the bulk crosses a second level, the LLC turns off. There is no timing link between these events, except the bulk capacitor discharge
slope. However, if for an unknown reason the PFC is disabled (fault, short−circuit), the PG pin immediately opens and if sufficient voltage
is still present on the bulk (e.g. in high line condition), the LLC will be disabled after a typical time of 5 ms.

4. Guaranteed by design.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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Figure 41. CCM PFC Boost Converter
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Figure 43. PFC Duty Modulation and Timing Diagram
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Figure 45. The Multiplier Voltage Pin Configuration
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@Ð��Figure 50�±#��%

Figure 50. The PFC Frequency Foldback Block
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Figure 52. PFC OVP and VLD
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Figure 53. VFB vs. Current Flowing in/out From VCTRL Pin
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Figure 54. PFCok Signal Block Diagram
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Figure 55. PFC Under−Voltage Protection
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Figure 56. PFC 2nd Over−Voltage Protection
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Figure 57. The Current Controlled Oscillator Architecture and Configuration
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Figure 58. The PG and BO Block Diagram for LLC
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Figure 59. The Fast Fault Input at CS/FF pin
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Figure 62. Remote on/off (on/off Pin)
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ORDERING INFORMATION

Device Version Marking Package Shipping†

NCP1910A65DWR2G 65 kHz − A NCP1910A65 SOIC 24WB Less Pin 21
(Pb−Free)

1000 / Tape & Reel

NCP1910B65DWR2G 65 kHz − B NCP1910B65 SOIC 24WB Less Pin 21
(Pb−Free)

1000 / Tape & Reel

†For 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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NOTES:
1. DIMENSIONING AND TOLERANCING PER ASME

Y14.5M, 1994.
2. CONTROLLING DIMENSION: MILLIMETERS.
3. DIMENSION B DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE PROTRUSION SHALL
BE 0.10 mm TOTAL IN EXCESS OF ’b’ AT MAXI-
MUM MATERIAL CONDITION.

4. DIMENSIONS b AND c APPLY TO THE FLAT SEC-
TION OF THE LEAD AND ARE MEASURED BE-
TWEEN 0.10 AND 0.25 FROM THE LEAD TIP.

5. DIMENSIONS D AND E1 DO NOT INCLUDE MOLD
FLASH, PROTRUSIONS OR GATE BURRS. MOLD
FLASH, PROTRUSIONS OR GATE BURRS SHALL
NOT EXCEED 0.15 mm PER SIDE. INTERLEAD
FLASH OR PROTRUSION SHALL NOT EXCEED
0.25 PER SIDE. DIMENSIONS D AND E1 ARE DE-
TERMINED AT DATUM H.

6. DIMENSIONS D AND E1 ARE DETERMINED AT
THE OUTERMOST EXTREMES OF THE PLASTIC
BODY EXCLUSIVE OF MOLD FLASH,
PROTRUSIONS, TIE BAR BURRS, OR GATE
BURRS BUT INCLUSIVE OF ANY MOLD MIS-
MATCH BETWEEN THE TOP AND BOTTOM OF
THE PLASTIC BODY.

7. DIMENSIONS A AND B ARE TO BE DETERMINED
AT DATUM H.

8. A1 IS DEFINED AS THE VERTICAL DISTANCE
FROM THE SEATING PLANE TO THE LOWEST
POINT ON THE PACKAGE BODY.

9. THIS CHAMFER IS OPTIONAL. IF IT IS NOT
PRESENT, THEN A PIN 1 IDENTIFIER MUST BE
LOCATED IN THE INDICATED AREA.

L2

NOTES 3 & 4

PIN 1

12
1

24 13

TOP VIEW

DIM MIN MAX
MILLIMETERS

A 2.35 2.65

b 0.31 0.51

e 1.27 BSC
h 0.25 0.75

J 0.20 0.33

A1 0.10 0.29

L 0.40 1.27

M 0  8  ��

D

E1

SIDE VIEW

D 15.40 BSC
E 10.30 BSC

E1 7.50 BSC

L2 0.25 BSC

D

INDICATOR
A-B D

NOTE 7

0.10 C D
0.33 C

0.20 C A-B

NOTES 5 & 6

24X
2X

2X

B

A

NOTE 7

2X

0.10 C

C
A

NOTE 8

0.10 C x 45

c

NOTE 9

DETAIL A

C

H

11.00

23X
0.52

23X
1.62

1.27

DIMENSIONS: MILLIMETERS

1

PITCH

*For additional information on our Pb−Free strategy and soldering
details, please download the onsemi Soldering and Mounting
Techniques Reference Manual, SOLDERRM/D.

SOLDERING FOOTPRINT*
RECOMMENDED

XXXXX = Specific Device Code
A = Assembly Location
WL = Wafer Lot
YY = Year
WW = Work Week
G = Pb−Free Package

XXXXXXXXXXXXXX
XXXXXXXXXXXXXX
XXXXXXXXXXXXXX

AWLYYWWG

*This information is generic. Please refer to
device data sheet for actual part marking.
Pb−Free indicator, “G” or microdot “ �”,
may or may not be present.

GENERIC
MARKING DIAGRAM*

1
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