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Table 1. DEVICE DETAILS

Device Application Topology Input Voltage Input Power Power Factor THD

NSIC2030B LED Lighting Linear 100 to 130 VAC 6.7 W 0.97 24%
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Figure 1. 2-stage Parallel-to-Series CCR Lighting Circuit
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Table 2. STATES OF THE TRANSISTORS AND
CONNECTING DIODES IN PARALLEL AND SERIAL
OPERATION

LED Configuration

Parallel Series

D5 Reverse-Biased Forward-Biased

D6 Reverse-Biased Forward-Biased

M1 On Off

Q1 Off On

Q2 Off On

Q3 On Off
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Table 3. ELECTRICAL CHARACTERISTICS FOR THE
CIRCUIT SHOWN IN FIGURE 1

Criteria

110 VAC 120 VAC 130 VAC

Result Result Result

Input Frequency (Hz) 60 60 60

Power (W) 6.11 6.72 7.28

Input Current (mArms) 57.1 57.4 57.3

Power Factor 0.970 0.972 0.974

THD (%, Input Irms) 25.0 24.1 23.3

Efficiency (%) 75.6 72.4 69.0

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. 
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Table 4. THE CIRCUIT WAS FULLY FUNCTIONAL
WITH EACH DIMMER TESTED

Dimmer

Cooper Aspire 9530

GE DI 61

Kuei Lin AC 110 V, 500 W

Leviton 6615−POW

Leviton 6633−PLW

Leviton 6674 Universal

Leviton Illumatech IPI06

Leviton OC58L1

Lightolier CT600WC

Lutron CT−603PGH

Lutron CTCL−153PD

Lutron MAW−600H

Lutron TG−10PR

Lutron TG−600P−AC

Lutron TG−600PH

Lutron S−600PR

Pass & Seymour D703PLAV

Pass & Seymour DCL453PTC

Pass & Seymour LS603PLAV

Pass & Seymour LSLV603PWV

Pass & Seymour WS703PW

SCT YM2508A

WattStopper DCD267 Universal

./0���1

Figure 2. The Circuit Switches between Parallel and Series LED Configurations as the Bridge Output Voltage
Passes 110 Volts. Total Input Current is the Same in both Configurations.
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Figure 3. The Voltage across each CCR Changes as the Circuit Switches between Parallel and Series.

Figure 4. The LEDs are On for almost the Entire Cycle. Each LED String Consists of Fhree Cree MX-S LEDs.
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Figure 5. Q1 Switches as the Bridge Output Voltage Passes 110 V, Triggering the Switching of M1 and Q2.

Figure 6. Q2 Switches as the Bridge Output Voltage Passes 110 V in Order to Cause Q3 to Switch.
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Figure 7. Q3 is Off when Q2 is On.

Figure 8. M1 is Pulled Low as Q1 Turns On.



DN05046/D

http://onsemi.com
7

Figure 9. The LED Current in each String is 30 mA in Parallel Configuration and 60 mA in Series Configuration.

Figure 10. The Circuit is Fully Functional with Standard Phase-cut Incandescent Dimmers.
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Figure 11. The Current Waveforms Closely Track the Bridge Output Voltage as the Circuit is Dimmed.

Figure 12. At the Least Bright Setting, the Lights are Barely On. Total Input Current was 7.1 mArms.
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Table 5. BILL OF MATERIALS FOR CIRCUIT SHOWN IN FIGURE 1

Designator Qty Description Value Tolerance Manufacturer Part Number

C1 1 Capacitor 2.2 nF, 250 V − Any −

C2 1 Capacitor 1 nF, 10 V − Any −

CCR1−CCR2 2 Constant Current
Regulator

120 V, 30 mA ±15% ON Semiconductor NSIC2030B

D1−D4 4 Diode 400 V, 1 A − ON Semiconductor MRA4004

D5−D6 2 Diode 75 V, 200 mA − ON Semiconductor BAS16H

F1 1 Fuse 250 Vac, 1 A − Any −

LED1−LED6 6 LED 20 V, 175 mA − Cree MX−6S

M1 1 N-MOSFET 100 V, 17 A − ON Semiconductor NTD6416AN

MOV1 1 Varistor 150 V − Littelfuse V150LA5P

Q1 1 NPN 40 V, 200 mA − ON Semiconductor MMBT3904L

Q2 1 PNP 40 V, 200 mA − ON Semiconductor MMBT3906L

Q3 1 PNP 150 V, 500 mA − ON Semiconductor MMBT5401L

R1 1 Resistor 1 M�, 1/8 W ±1% Any −

R2 1 Resistor 6.2 k�, 1/8 W ±1% Any −

R3 1 Resistor 360 �, 1/8 W ±1% Any −

R4 1 Resistor 62 k�, 1/8 W ±1% Any −

R5 1 Resistor 10 �, 1/8 W ±10% Any −

R6 1 Resistor 150 k�, 1/8 W ±10% Any −

Z1 1 Zener Diode 15 Vz ±5% ON Semiconductor MMSZ15
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Figure 13. Alternative Circuit
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Table 6. ELECTRICAL CHARACTERISTICS FOR
ALTERNATIVE SCHEMATIC WITH R4

110 VAC 120 VAC 130 VAC

Input Frequency (Hz) 60 60 60

Power (W) 5.40 6.02 6.47

Input Current (mArms) 50.66 50.62 51.80

Power Factor 0.957 0.964 0.968

THD (%, Input Irms) 29.38 26.69 24.94

Efficiency (%) 82.2 78.9 73.1

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. 
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Table 7. ELECTRICAL CHARACTERISTICS FOR
ALTERNATIVE SCHEMATIC WITHOUT R4

110 VAC 120 VAC 130 VAC

Input Frequency (Hz) 60 60 60

Power (W) 5.54 6.08 6.59

Input Current (mArms) 51.88 51.83 51.74

Power Factor 0.963 0.967 0.970

THD (%, Input Irms) 27.33 25.66 24.48

Efficiency (%) 80.8 76.1 72.1

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. 
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Table 8. BILL OF MATERIALS FOR ALTERNATIVE CIRCUIT

Designator Qty Description Value Tolerance Manufacturer Part Number

C1 1 Capacitor 2.2 nF, 250 V − Any −

C2 1 Capacitor 1 nF, 10 V Any −

CCR1−CCR2 2 Constant Current
Regulator

120 V, 30 mA ±15% ON Semiconductor NSIC2030B

D1−D4 4 Diode 400 V, 1 A − ON Semiconductor MRA4004

D5−D6 2 Diode 100 V, 200 mA − ON Semiconductor MMBD914L

F1 1 Fuse 250 Vac, 1 A − Any −

LED1−LED6 6 LED 20 V, 175 mA − Cree MX−6S

MOV1 1 Varistor 150 V − Littelfuse V150LA5P

Q1 1 NPN 40 V, 200 mA − ON Semiconductor MMBT3904L

Q2 1 NPN 350 V, 100 mA − ON Semiconductor MMBT6517L

Q3 1 NPN 150 V, 600 mA − ON Semiconductor MMBT5550L

Q4 1 PNP 150 V, 500 mA − ON Semiconductor MMBT5401L

R1 1 Resistor 1 M�, 1/8 W ±1% Any −

R2 1 Resistor 6.2 k�, 1/8 W ±1% Any −

R3 1 Resistor 301 k�, 1/8 W ±1% Any −

R4 1 Resistor 10 M�, 1/8 W ±5% Any −

R5 1 Resistor 27 k�, 1/8 W ±1% Any −

R6 1 Resistor 27 k�, 1/8 W ±1% Any −

R7 1 Resistor 2.2 k�, 1/8 W ±1% Any −

R8 1 Resistor 2.2 k�, 1/8 W ±1% Any −
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