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Table 1. DEVICE DETAILS

Device Application Topology Efficiency Input Power Power Factor THD

NSIC2030JB,
NSIC2050JB

AC LED
Lighting

Linear 82% 7.8 W 0.99 13.6%
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Figure 1. 3-stage Parallel-to-Series LED Lighting Circuit
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Table 2. ELECTRICAL CHARACTERISTICS FOR THE
CIRCUIT SHOWN IN FIGURE 1

110 VAC 120 VAC 130 VAC

IRMS(IN) (mA) 64.39 65.49 66.06

PF 0.9886 0.9907 0.9921

THD (IRMS, %) 14.86 13.56 12.35

PIN (W) 6.93 7.75 8.44

Efficiency (%) 80.4 82.2 81.0

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 3. THE CIRCUIT WAS FULLY FUNCTIONAL
WITH EACH DIMMER TESTED

Manufacturer Serial Number

Leviton 600W−1D4102

Leviton 600W−1B4105

Lutron Skylark CTCL−153PDH

Lutron TG−600P−AC

123���4

Figure 2. Stage 1/Parallel configuration of LEDs, showing behavior of switching circuitry. D5−D7 are open
circuits, whereas all the transistors Q3–Q5 and Q7–Q9 are on. The LEDs are then in parallel below the CCR. 

The driver is in this state at bridge voltages below 72 V
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Figure 3. Stage 2/Parallel-Series configuration of LEDs. Transistors Q3–Q4 and Q8–Q9 are open, and current
flows through the routing diodes D5 and D7. Simplified schematic containing only the LEDs is shown to the right.

The driver is in this state between 72 V and 145 V
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Figure 4. Stage 3/Series configuration of the LEDs and switching circuitry shown. All transistors Q3–Q5
and Q7–Q9 are off at high bridge voltages, and current passes through the routing diodes D5–D7. 

The driver is in this stage at bridge voltages above 145 V
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Figure 5. The total input current follows the voltage waveform very closely, yielding high power factor
and outstanding THD performance

Figure 6. LED current through each of the LEDs. Note the current waveforms are nearly identical,
as well as the three distinct levels of current, coinciding with the three LED configurations
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Figure 7. The LED forward voltage is identical for all LEDs. When the LED voltage is not 0 V, the LEDs are on.
Given an LED Vf of 32 V, the LEDs are on about 92% of the time

Figure 8. The CCR2 Vak demonstrates the different stages of the LED configurations. Q3 blocks CCR1 from
conducting only until the highest bridge voltages. Q3 and CCR1 are in parallel with CCR2
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Figure 9. The circuit receives no input current when the TRIAC is off, and the current is normal 
when the TRIAC is on

Figure 10. LED1’s voltage and current waveforms, unaffected by TRIAC dimming. The voltage on the LEDs
is due to the non-zero voltage out of the dimmer during the “off” state
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Figure 11. CCR230PS3AGEVB Evaluation Board with Changes Marked for DN05051/D
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Table 4. LIST OF MODIFICATIONS

CCR230PS3AGEVB
Reference Recommended Modification Alternative Modification DN05051/D Designator

R3 Replace with 9.53 k� Desired Rset1 Value R2

R10 Replace with 4.7 k� Desired Rset2 Value R16

R15 Replace with 255 � Parallel with 309 � R6

R16 Replace with 24.9 k� Parallel with 28 k� R7

R17 Replace with 24.9 k� Parallel with 28.7k� R8

CCR1 Replace with NSIC2030JBT3G − −
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Table 5. USING REFITTED EVALUATION BOARD

110 VAC 120 VAC 130 VAC

IRMS(IN) (mA) 61.05 65.03 67.86

PF 0.9864 0.9890 0.9907

THD (IRMS, %) 16.5 14.42 13.02

PIN (W) 6.64 7.75 8.76

Efficiency (%) 84.1 83.3 80.1
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Figure 12. Off-board Connections, from Driver
Board to LEDs
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Figure 13. Plot showing recommended values for the Rswitch resistor values to determine the driver’s
switchpoints. The second-to-third stage trigger resistor is roughly half the value of the first-to-second stage

trigger resistor

0

2

4

6

8

10

12

14

16

18

20

15

LED String Voltage (V)

R
sw

it
ch

 R
es

is
to

r 
V

al
u

e 
(k
�

)

Switching Resistor (R2) Value vs. LED String Vf
For Parallel-to-Series Applications

given R1 = 1 M�, and MMBT3904L (0.68 V VBEon)

20 25 30 35 40

Rswitch, Stage1-to-2

Rswitch, Stage2-to-3



DN05051/D

http://onsemi.com
10

;<2(BOM)

Table 6. BILL OF MATERIALS FOR CIRCUIT SHOWN IN FIGURE 1

Designator Qty Description Value Tolerance Manufacturer Part Number

CCR1 1 Constant Current Regulator 120 V, 30 mA ±15% ON Semiconductor NSIC2030JB

CCR2 1 Constant Current Regulator 120 V, 50 mA ±15% ON Semiconductor NSIC2050JB

F1 1 Fuse 250 V, 1 A − Any −

MOV1 1 Varistor 150 VAC − Any −

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

D5, D7 2 Diode 75 V, 200 mA − ON Semiconductor BAS16H

D6 1 Diode 250 V, 200 mA − ON Semiconductor BAS21L

C1 1 Capacitor 2.2 nF, 500 V − Any −

C2−C3 2 Capacitor 1 nF, 10 V − Any −

Q1, Q11 2 NPN Transistor 40 V, 200 mA − ON Semiconductor MMBT3904L

Q2, Q10 2 NPN Transistor 350 V, 100 mA − ON Semiconductor MMBT6517L

Q3, Q5, Q8 3 NPN Transistor 140 V, 600 mA − ON Semiconductor MMBT5550L

Q4, Q6, Q7, Q9 4 PNP Transistor 150 V, 500 mA − ON Semiconductor MMBT5401L

R1, R15 2 Resistor 1 M�, 1/8 W ±1% Any −

R2 1 Resistor 9.53 k�, 1/8 W ±1% Any −

R3, R14 2 Resistor 300 k�, 1/8 W ±1% Any −

R4 1 Resistor 30 k�, 1/8 W ±1% Any −

R5, R9 2 Resistor 1 k�, 1/8 W ±1% Any −

R6 1 Resistor 255 �, 1/8 W ±1% Any −

R7−R8 2 Resistor 24.9 k�, 1/8 W ±1% Any −

R10, R13 2 Resistor 2.2 k�, 1/8 W ±1% Any −

R11−R12 2 Resistor 15 k�, 1/8 W ±1% Any −

R16 1 Resistor 4.7 k�, 1/8 W ±1% Any −

LED1−LED4 4 LEDs 36 V, 480 mA − Any −
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