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Figure 1. Block Diagram
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Table 1. PIN FUNCTION DESCRIPTION

Pin Name Function

1 MFP The multi-function pin is connected to the internal error amplifier. By pulling this pin below the Vuvp threshold, the
controller is disabled. In addition, this pin also has an over voltage comparator which will disable the controller in the
event of a fault.

2 COMP The COMP pin is the output of the internal error amplifier. A compensation network is connected between this pin
and ground to set the loop bandwidth. Normally this bandwidth is set at a low frequency (typically 10 Hz − 20 Hz) to
achieve high power factor and low total harmonic distortion (THD).

3 Ct The Ct pin sources a regulated current to charge an external timing capacitor. The PWM circuit controls the power
switch on time by comparing the Ct voltage to an internal voltage derived from VControl. The CT pin discharges the
external timing capacitor at the end of the on time cycle.

4 CS The CS input is used to sense the instantaneous switch current in the external MOSFET. This signal is filtered by an
internal leading edge blanking circuit.

5 ZCD The voltage of an auxiliary zero current detection winding is sensed at this pin. When the ZCD control block circuit
detects that the winding has been demagnetized, a control signal is sent to the gate drive block to turn on the
external MOSFET.

6 GND This is the analog ground for the device. All bypassing components should be connected to the GND pin with a short
trace length.

7 DRV 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 MOSFETs. The driver stage provides both passive and active pull down circuits that force the output to
a voltage less than the turn-on threshold voltage of the power MOSFET when VCC(on) is not reached.

8 VCC This pin is the positive supply of the controller. The circuit starts to operate when VCC exceeds VCC(on), nominally
12 V and turns off when VCC goes below VCC(off), typically 9.5 V. After startup, the operating range is 10.2 V up to
20 V.
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Table 2. MAXIMUM RATINGS

Rating Symbol Value Unit

MFP Voltage VMFP −0.3 to 10 V

MFP Current IMFP 10 mA

COMP Voltage VControl −0.3 to 6.5 V

COMP Current IControl −2 to 10 mA

Ct Voltage VCt −0.3 to 6 V

Ct Current ICt 10 mA

CS Voltage VCS −0.3 to 6 V

CS Current ICS 10 mA

ZCD Voltage VZCD −0.3 to 10 V

ZCD Current IZCD 10 mA

DRV Voltage VDRV −0.3 to VCC V

DRV Sink Current IDRV(sink) 800 mA

DRV Source Current IDRV(source) 500 mA

Supply Voltage VCC −0.3 to 20 V

Supply Current ICC 20 mA

Power Dissipation (TA = 70C, 2.0 Oz Cu, 55 mm2 Printed Circuit Copper Clad) PD 450 mW

Thermal Resistance Junction-to-Ambient
(2.0 Oz Cu, 55 mm2 Printed Circuit Copper Clad)
Junction-to-Air, Low conductivity PCB (Note 3)
Junction-to-Air, High conductivity PCB (Note 4)

R�JA
R�JA
R�JA

178
168
127

C/W

Operating Junction Temperature Range TJ −40 to 125 C

Maximum Junction Temperature TJ(MAX) 150 C

Storage Temperature Range TSTG −65 to 150 C

Lead Temperature (Soldering, 10 s) TL 300 C

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 series contains ESD protection and exceeds the following tests:

Pins 1–8: Human Body Model 2000 V per JEDEC Standard JESD22−A114E.
Pins 1– 8:Machine Model Method 200 V per JEDEC Standard JESD22−A115−A.

2. This device contains Latch-up protection and exceeds 100 mA per JEDEC Standard JESD78.
3. As mounted on a 40  40  1.5 mm FR4 substrate with a single layer of 80 mm2 of 2 oz copper traces and heat spreading area. As specified

for a JEDEC 51 low conductivity test PCB. Test conditions were under natural convection or zero air flow.
4. As mounted on a 40  40  1.5 mm FR4 substrate with a single layer of 650 mm2 of 2 oz copper traces and heat spreading area. As specified

for a JEDEC 51 high conductivity test PCB. Test conditions were under natural convection or zero air flow.
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Table 3. ELECTRICAL CHARACTERISTICS 
VMFP = 2.4 V, VControl = 4 V, Ct = 1 nF, VCS = 0 V, VZCD = 0 V, CDRV = 1 nF, VCC = 12 V, unless otherwise specified
(For typical values, TJ = 25C. For min/max values, TJ = −40C to 125C, unless otherwise specified)

Characteristic Test Conditions Symbol Min Typ Max Unit

STARTUP AND SUPPLY CIRCUITS

Startup Voltage Threshold VCC Increasing VCC(on) 11 12 12.5 V

Minimum Operating Voltage VCC Decreasing VCC(off) 8.8 9.5 10.2 V

Supply Voltage Hysteresis HUVLO 2.2 2.5 2.8 V

Startup Current Consumption 0 V < VCC < VCC(on) − 200 mV Icc(startup) − 24 35 �A

No Load Switching
Current Consumption

CDRV = Open, 70 kHz Switching,
VCS = 2 V

Icc1 − 1.4 1.7 mA

Switching Current Consumption 70 kHz Switching, VCS = 2 V Icc2 − 2.1 2.6 mA

Fault Condition Current Consumption No Switching, VMFP = 0 V Icc(fault) − 0.75 0.95 mA

OVERVOLTAGE AND UNDERVOLTAGE PROTECTION

Overvoltage Detect Threshold VMFP = Increasing VOVP/VREF 105 106 108 %

Overvoltage Hysteresis VOVP(HYS) 20 60 100 mV

Overvoltage Detect Threshold
Propagation Delay

VMFP = 2 V to 3 V ramp, 
dV/dt = 1 V/�s

VMFP = VOVP to VDRV = 10%

tOVP − 500 800 ns

Undervoltage Detect Threshold VMFP = Decreasing VUVP 0.25 0.31 0.4 V

Undervoltage Detect Threshold
Propagation Delay

VMFP = 1 V to 0 V ramp,
dV/dt = 10 V/�s

VMFP = VUVP to VDRV = 10%

tUVP 100 200 300 ns

ERROR AMPLIFIER

Voltage Reference TJ = 25C
TJ = −40C to 125C

VREF 2.475
2.460

2.500
2.500

2.525
2.540

V

Voltage Reference Line Regulation VCC(on) + 200 mV < VCC < 20 V VREF(line) −10 − 10 mV

Error Amplifier Current Capability VMFP = 2.6 V
VMFP = 1.08*VREF

VMFP = 0.5 V

IEA(sink)

IEA(sink)OVP

IEA(source)

6
10
−110

10
20
−210

20
30
−250

�A

Transconductance VMFP = 2.4 V to 2.6 V
TJ = 25C

TJ = −40C to 125C

gm
90
70

110
110

120
135

�S

Feedback Pin Internal Pull−Down
Resistor

VMFP = VUVP to VREF RMFP 2 4.6 10 M�

Feedback Bias Current VMFP = 2.5 V IMFP 0.25 0.54 1.25 �A

Control Bias Current VMFP = 0 V IControl −1 − 1 �A

Maximum Control Voltage IControl(pullup) = 10 �A, 
VMFP = VREF

VEAH 5 5.5 6 V

Minimum Control Voltage to Generate
Drive Pulses

VControl = Decreasing until
VDRV is low, VCt = 0 V

Ct(offset) 0.37 0.65 0.88 V

Control Voltage Range VEAH – Ct(offset) VEA(DIFF) 4.5 4.9 5.3 V
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Table 3. ELECTRICAL CHARACTERISTICS  (Continued)
VMFP = 2.4 V, VControl = 4 V, Ct = 1 nF, VCS = 0 V, VZCD = 0 V, CDRV = 1 nF, VCC = 12 V, unless otherwise specified
(For typical values, TJ = 25C. For min/max values, TJ = −40C to 125C, unless otherwise specified)

Characteristic UnitMaxTypMinSymbolTest Conditions

RAMP CONTROL

Ct Peak Voltage VCOMP = open VCt(MAX) 4.775 4.93 5.025 V

On Time Capacitor Charge Current VCOMP = open
VCt = 0 V to VCt(MAX)

Icharge 235 275 297 �A

Ct Capacitor Discharge Duration VCOMP = open
VCt = VCt(MAX) −100 mV to 500 mV

tCt(discharge) − 50 150 ns

PWM Propagation Delay dV/dt = 30 V/�s
VCt = VControl − Ct(offset)

to VDRV = 10%

tPWM − 130 220 ns

ZERO CURRENT DETECTION

ZCD Arming Threshold VZCD = Increasing VZCD(ARM) 1.25 1.4 1.55 V

ZCD Triggering Threshold VZCD = Decreasing VZCD(TRIG) 0.6 0.7 0.83 V

ZCD Hysteresis VZCD(HYS) 500 700 900 mV

ZCD Bias Current VZCD = 5 V IZCD − 2 − + 2 �A

Positive Clamp Voltage IZCD = 3 mA VCL(POS) 9.8 10 12 V

Negative Clamp Voltage IZCD = −2 mA VCL(NEG) −0.9 −0.7 −0.5 V

ZCD Propagation Delay VZCD = 2 V to 0 V ramp,
dV/dt = 20 V/�s

VZCD = VZCD(TRIG) to VDRV = 90%

tZCD − 100 170 ns

Minimum ZCD Pulse Width tSYNC − 70 − ns

Maximum Off Time in Absence of ZCD
Transition

Falling VDRV = 10% to
Rising VDRV = 90%

tstart 75 165 300 �s

DRIVE

Drive Resistance Isource = 100 mA
Isink = 100 mA

ROH

ROL

−
−

12
6

20
13

�

Rise Time 10% to 90% trise − 35 80 ns

Fall Time 90% to 10% tfall − 25 70 ns

Drive Low Voltage VCC = VCC(on)−200 mV,
Isink = 10 mA

Vout(start) − − 0.2 V

CURRENT SENSE

Current Sense Voltage Threshold VILIM 0.45 0.5 0.55 V

Leading Edge Blanking Duration VCS = 2 V, VDRV = 90% to 10% tLEB 100 195 350 ns

Overcurrent Detection Propagation
Delay

dV/dt = 10 V/�s
VCS = VILIM to VDRV = 10%

tCS 40 100 170 ns

Current Sense Bias Current VCS = 2 V ICS −1 − 1 �A
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TYPICAL CHARACTERISTICS

Figure 3. Overvoltage Detect Threshold vs.
Junction Temperature

Figure 4. Overvoltage Hysteresis vs. Junction
Temperature
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Figure 5. Undervoltage Detect Threshold vs.
Junction Temperature

Figure 6. MFP Pin Internal Pull−Down Resistor
vs. Junction Temperature
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TYPICAL CHARACTERISTICS

Figure 8. Error Amplifier Sink Current vs.
Junction Temperature
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Figure 9. Error Amplifier Source Current vs.
Junction Temperature
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Figure 11. Error Amplifier Transconductance
and Phase vs. Frequency
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Drive Pulses vs. Junction Temperature
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TYPICAL CHARACTERISTICS

Figure 14. Ct Peak Voltage vs. Junction
Temperature

Figure 15. PWM Propagation Delay vs.
Junction Temperature
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vs. Junction Temperature

Figure 17. Leading Edge Blanking Duration vs.
Junction Temperature
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Figure 19. Drive Resistance vs. Junction
Temperature
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TYPICAL CHARACTERISTICS

Figure 20. Supply Voltage Thresholds vs.
Junction Temperature

Figure 21. Startup Current Consumption vs.
Junction Temperature
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Figure 22. Switching Current Consumption vs.
Junction Temperature
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Figure 24. Theoretical Switching Waveform
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Figure 25. On Time Control
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Figure 26. Ideal CrM Waveforms with ZCD Winding
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Figure 27. ZCD Operation
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Figure 30. Wide Input Main, 4−15 LED 350 mA Load Schematic
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Figure 31. Output Current and Efficiency with 36.9 V Load
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Figure 32. THD and Power Factor with 36.9 V Load
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Figure 36. Output Ripple at 115 Vac and 36.9 V,
350 mA Load
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SEATING
PLANE
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X 45�

K

NOTES:
1. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5M, 1982.
2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSION A AND B DO NOT INCLUDE

MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

6. 751−01 THRU 751−06 ARE OBSOLETE. NEW
STANDARD IS 751−07.

A

B S

DH

C

0.10 (0.004)

SCALE 1:1

STYLES ON PAGE 2

DIM
A

MIN MAX MIN MAX
INCHES

4.80 5.00 0.189 0.197

MILLIMETERS

B 3.80 4.00 0.150 0.157
C 1.35 1.75 0.053 0.069
D 0.33 0.51 0.013 0.020
G 1.27 BSC 0.050 BSC
H 0.10 0.25 0.004 0.010
J 0.19 0.25 0.007 0.010
K 0.40 1.27 0.016 0.050
M 0  8  0  8  
N 0.25 0.50 0.010 0.020
S 5.80 6.20 0.228 0.244

−X−

−Y−

G

MYM0.25 (0.010)

−Z−

YM0.25 (0.010) Z S X S

M
� � � �

XXXXX = Specific Device Code
A = Assembly Location
L = Wafer Lot
Y = Year
W = Work Week
� = Pb−Free Package

GENERIC
MARKING DIAGRAM*

1

8

XXXXX
ALYWX

1

8

IC Discrete

XXXXXX
AYWW

 �
1

8

1.52
0.060

7.0
0.275

0.6
0.024

1.270
0.050

4.0
0.155

� mm
inches

�SCALE 6:1

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

SOLDERING FOOTPRINT*

Discrete

XXXXXX
AYWW

1

8

(Pb−Free)

XXXXX
ALYWX

 �
1

8

IC
(Pb−Free)

XXXXXX = Specific Device Code
A = Assembly Location
Y = Year
WW = Work Week
� = Pb−Free Package

*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. Some products may
not follow the Generic Marking.

MECHANICAL CASE OUTLINE

PACKAGE DIMENSIONS
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STYLE 4:
PIN 1. ANODE

2. ANODE
3. ANODE
4. ANODE
5. ANODE
6. ANODE
7. ANODE
8. COMMON CATHODE

STYLE 1:
PIN 1. EMITTER

2. COLLECTOR
3. COLLECTOR
4. EMITTER
5. EMITTER
6. BASE
7. BASE
8. EMITTER

STYLE 2:
PIN 1. COLLECTOR, DIE, #1

2. COLLECTOR, #1
3. COLLECTOR, #2
4. COLLECTOR, #2
5. BASE, #2
6. EMITTER, #2
7. BASE, #1
8. EMITTER, #1

STYLE 3:
PIN 1. DRAIN, DIE #1

2. DRAIN, #1
3. DRAIN, #2
4. DRAIN, #2
5. GATE, #2
6. SOURCE, #2
7. GATE, #1
8. SOURCE, #1

STYLE 6:
PIN 1. SOURCE

2. DRAIN
3. DRAIN
4. SOURCE
5. SOURCE
6. GATE
7. GATE
8. SOURCE

STYLE 5:
PIN 1. DRAIN

2. DRAIN
3. DRAIN
4. DRAIN
5. GATE
6. GATE
7. SOURCE
8. SOURCE

STYLE 7:
PIN 1. INPUT

2. EXTERNAL  BYPASS
3. THIRD STAGE SOURCE
4. GROUND
5. DRAIN
6. GATE 3
7. SECOND STAGE Vd
8. FIRST STAGE Vd

STYLE 8:
PIN 1. COLLECTOR, DIE #1

2. BASE, #1
3. BASE, #2
4. COLLECTOR, #2
5. COLLECTOR, #2
6. EMITTER, #2
7. EMITTER, #1
8. COLLECTOR, #1

STYLE 9:
PIN 1. EMITTER,  COMMON

2. COLLECTOR, DIE #1
3. COLLECTOR, DIE #2
4. EMITTER, COMMON
5. EMITTER, COMMON
6. BASE, DIE #2
7. BASE, DIE #1
8. EMITTER, COMMON

STYLE 10:
PIN 1. GROUND

2. BIAS 1
3. OUTPUT
4. GROUND
5. GROUND
6. BIAS 2
7. INPUT
8. GROUND

STYLE 11:
PIN 1. SOURCE 1

2. GATE 1
3. SOURCE 2
4. GATE 2
5. DRAIN 2
6. DRAIN 2
7. DRAIN 1
8. DRAIN 1

STYLE 12:
PIN 1. SOURCE

2. SOURCE
3. SOURCE
4. GATE
5. DRAIN
6. DRAIN
7. DRAIN
8. DRAIN

STYLE 14:
PIN 1. N−SOURCE

2. N−GATE
3. P−SOURCE
4. P−GATE
5. P−DRAIN
6. P−DRAIN
7. N−DRAIN
8. N−DRAIN

STYLE 13:
PIN 1. N.C.

2. SOURCE
3. SOURCE
4. GATE
5. DRAIN
6. DRAIN
7. DRAIN
8. DRAIN

STYLE 15:
PIN 1. ANODE 1

2. ANODE 1
3. ANODE 1
4. ANODE 1
5. CATHODE, COMMON
6. CATHODE, COMMON
7. CATHODE, COMMON
8. CATHODE, COMMON

STYLE 16:
PIN 1. EMITTER, DIE #1

2. BASE, DIE #1
3. EMITTER, DIE #2
4. BASE, DIE #2
5. COLLECTOR, DIE #2
6. COLLECTOR, DIE #2
7. COLLECTOR, DIE #1
8. COLLECTOR, DIE #1

STYLE 17:
PIN 1. VCC

2. V2OUT
3. V1OUT
4. TXE
5. RXE
6. VEE
7. GND
8. ACC

STYLE 18:
PIN 1. ANODE

2. ANODE
3. SOURCE
4. GATE
5. DRAIN
6. DRAIN
7. CATHODE
8. CATHODE

STYLE 19:
PIN 1. SOURCE 1

2. GATE 1
3. SOURCE 2
4. GATE 2
5. DRAIN 2
6. MIRROR 2
7. DRAIN 1
8. MIRROR 1

STYLE 20:
PIN 1. SOURCE (N)

2. GATE (N)
3. SOURCE (P)
4. GATE (P)
5. DRAIN
6. DRAIN
7. DRAIN
8. DRAIN

STYLE 21:
PIN 1. CATHODE 1

2. CATHODE 2
3. CATHODE 3
4. CATHODE 4
5. CATHODE 5
6. COMMON ANODE
7. COMMON ANODE
8. CATHODE 6

STYLE 22:
PIN 1. I/O LINE 1

2. COMMON CATHODE/VCC
3. COMMON CATHODE/VCC
4. I/O LINE 3
5. COMMON ANODE/GND
6. I/O LINE 4
7. I/O LINE 5
8. COMMON ANODE/GND

STYLE 23:
PIN 1. LINE 1 IN

2. COMMON ANODE/GND
3. COMMON ANODE/GND
4. LINE 2 IN
5. LINE 2 OUT
6. COMMON ANODE/GND
7. COMMON ANODE/GND
8. LINE 1 OUT

STYLE 24:
PIN 1. BASE

2. EMITTER
3. COLLECTOR/ANODE
4. COLLECTOR/ANODE
5. CATHODE
6. CATHODE
7. COLLECTOR/ANODE
8. COLLECTOR/ANODE

STYLE 25:
PIN 1. VIN

2. N/C
3. REXT
4. GND
5. IOUT
6. IOUT
7. IOUT
8. IOUT

STYLE 26:
PIN 1. GND

2. dv/dt
3. ENABLE
4. ILIMIT
5. SOURCE
6. SOURCE
7. SOURCE
8. VCC

STYLE 27:
PIN 1. ILIMIT

2. OVLO
3. UVLO
4. INPUT+
5. SOURCE
6. SOURCE
7. SOURCE
8. DRAIN

STYLE 28:
PIN 1. SW_TO_GND

2. DASIC_OFF
3. DASIC_SW_DET
4. GND
5. V_MON
6. VBULK
7. VBULK
8. VIN

STYLE 29:
PIN 1. BASE, DIE #1

2. EMITTER, #1
3. BASE, #2
4. EMITTER, #2
5. COLLECTOR, #2
6. COLLECTOR, #2
7. COLLECTOR, #1
8. COLLECTOR, #1

STYLE 30:
PIN 1. DRAIN 1

2. DRAIN 1
3. GATE 2
4. SOURCE 2
5. SOURCE 1/DRAIN 2
6. SOURCE 1/DRAIN 2
7. SOURCE 1/DRAIN 2
8. GATE 1
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