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DESIGN NOTE
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
ERT—%

Table 3. ELECTRICAL CHARACTERISTICS FOR THE

CIRCUIT SHOWN IN FIGURE 1

110 Vac 120 Vac 130 Vac
Criteria Result Result Result
Input Frequency (Hz) 60 60 60
Power (W) 6.11 6.72 7.28
Input Current (mAyms) 57.1 57.4 57.3
Power Factor 0.970 0.972 0.974
THD (%, Input lymg) 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

DNO05046/D

Dimmer

Cooper Aspire 9530

GE DI 61

Kuei Lin AC 110 V, 500 W

Leviton 6615-POW

Leviton 6633-PLW

Leviton 6674 Universal

Leviton lllumatech IPI06

Leviton OC58L1

Lightolier CT600WC

Lutron CT-603PGH

KRG EEE

Parallel Operation:
Bridge Output Voltage < 110 V

LED1 N\,
LED2 N\,
LED3 N\, Q3
CCR1 @ CCR2 @
|_
r:o - LED4 W \\\
LED5 W \\\,
LED6 W \\\

Figure 2. The Circuit Switches between Parallel and Series LED Configurations as the Bridge Output Voltage

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

Series Operation:
Bridge Output Voltage > 110 V

LED1 N\,
LED2 N\,
LED3 ¥ \\
g
D5
CCR1 @ CCR2 @
g
D6
LED4 N\,
LED5 N\
LED6 W \\\,
l

Passes 110 Volts. Total Input Current is the Same in both Configurations.

http://onsemi.com

3




DNO05046/D

%

Tek  Stopped Single Seq 1 fcigs 10 May 13 16:44:12
L | TT

|||||||||||||||v |||||||||||||| Buttons

I
I

Man(z1]  1GB.EY

FregqiC1) 120.1Hz

Period(C1)  5.329ms

Man(GZ) G439

Man(G3) B3 16Y

B
C T CCR2Vak : : ]
_IIIIIIIIIIIIIIIII|IIII_-IIIIIIIIIIIIIIlIIIIIIIII-
Ch1 200 Chz S0.0% Ml 2.0 25.0kS)s 40.0pzht
Ch3 S0.0 A Chl o~ 360V

Figure 3. The Voltage across each CCR Changes as the Circuit Switches between Parallel and Series.
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Figure 4. The LEDs are On for almost the Entire Cycle. Each LED String Consists of Fhree Cree MX-S LEDs.

http://onsemi.com
4



DNO05046/D

Tek |$tulplpell:j |S:n|glel EiE[iI T T T T |‘!Ii:|c?s| LI A B B | T T T 1 T |‘!D|M|ahll1|3|16|:5|3:|15| L Buttons

I
I

Man(G1) 1660

:Freq[m] 120.0Hz

Period(C1)  8.333ms

Man(GZ) 7041y

Man(C3) 1482y

C T VCEof Q1 ]
C L1 | L1l TR I [ | L1 T T I TR I [ | L1l I T ]
Chi 200y Chi2 SO0rmY Ml 2.0z 25.0k54s 40.0pskt

Ch3 10.0% A Ch1 o~ 35.0Y

Figure 5. Q1 Switches as the Bridge Output Voltage Passes 110 V, Triggering the Switching of M1 and Q2.
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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.
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Figure 8. M1 is Pulled Low as Q1 Turns On.
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Figure 9. The LED Current in each String is 30 mA in Parallel Configuration and 60 mA in Series Configuration.
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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.
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Figure 12. At the Least Bright Setting, the Lights are Barely On. Total Input Current was 7.1 mA;ys-
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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 2.2nF, 250V - Any -
Cc2 Capacitor 1nF 10V - Any -
CCR1-CCR2 2 Constant Current 120V, 30 mA +15% ON Semiconductor NSIC2030B
Regulator
D1-D4 4 Diode 400V, 1A - ON Semiconductor MRA4004
D5-D6 2 Diode 75V, 200 mA - ON Semiconductor BAS16H
F1 1 Fuse 250 Vac, 1 A - Any -
LED1-LED6 6 LED 20V, 175 mA - Cree MX-6S
M1 1 N-MOSFET 100V, 17 A - ON Semiconductor NTD6416AN
MOV1 1 Varistor 150V - Littelfuse V150LA5P
Q1 1 NPN 40V, 200 mA - ON Semiconductor MMBT3904L
Q2 1 PNP 40V, 200 mA - ON Semiconductor MMBT3906L
Q3 1 PNP 150V, 500 mA - ON Semiconductor MMBT5401L
R1 1 Resistor 1MQ, 1/8 W +1% Any -
R2 1 Resistor 6.2 kQ, 1/8 W +1% Any -
R3 1 Resistor 360 Q, 1/8 W +1% Any -
R4 1 Resistor 62 kQ, 1/8 W +1% Any -
R5 1 Resistor 10Q, 1/8 W +10% Any -
R6 1 Resistor 150 k<, 1/8 W +10% Any -
Z1 1 Zener Diode 15Vz 5% ON Semiconductor MMSZ15

http://onsemi.com
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Figure 13. Alternative Circuit
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o t 27 U U A/EMINIEHHIRAZ: L D354 (Table 7)

Table 6. ELECTRICAL CHARACTERISTICS FOR
ALTERNATIVE SCHEMATIC WITH R4

Table 7. ELECTRICAL CHARACTERISTICS FOR
ALTERNATIVE SCHEMATIC WITHOUT R4

110 Vac 120 Vac 130 Vac 110 Vac 120 Vac 130 Vac
Input Frequency (Hz) 60 60 60 Input Frequency (Hz) 60 60 60
Power (W) 5.40 6.02 6.47 Power (W) 5.54 6.08 6.59
Input Current (MAyms) 50.66 50.62 51.80 Input Current (MAyms) 51.88 51.83 51.74
Power Factor 0.957 0.964 0.968 Power Factor 0.963 0.967 0.970
THD (%, Input lyms) 29.38 26.69 24.94 THD (%, Input lymg) 27.33 25.66 24.48
Efficiency (%) 82.2 78.9 73.1 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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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 2.2nF, 250V - Any -
Cc2 Capacitor 1nF 10V Any -
CCR1-CCR2 2 Constant Current 120V, 30 mA +15% ON Semiconductor NSIC2030B
Regulator
D1-D4 4 Diode 400V, 1A - ON Semiconductor MRA4004
D5-D6 2 Diode 100V, 200 mA - ON Semiconductor MMBD914L
F1 1 Fuse 250 Vac, 1 A - Any -
LED1-LED6 6 LED 20V, 175 mA - Cree MX-6S
MOV1 1 Varistor 150V - Littelfuse V150LA5P
Q1 1 NPN 40V, 200 mA - ON Semiconductor MMBT3904L
Q2 1 NPN 350V, 100 mA - ON Semiconductor MMBT6517L
Q3 1 NPN 150V, 600 mA - ON Semiconductor MMBT5550L
Q4 1 PNP 150V, 500 mA - ON Semiconductor MMBT5401L
R1 1 Resistor 1MQ, 1/8 W +1% Any -
R2 1 Resistor 6.2 kQ, 1/8 W +1% Any -
R3 1 Resistor 301 kR, 1/8 W +1% Any -
R4 1 Resistor 10 MQ, 1/8 W +5% Any -
R5 1 Resistor 27 kQ, 1/8 W +1% Any -
R6 1 Resistor 27 kR, 1/8 W +1% Any -
R7 1 Resistor 2.2kQ, 1/8 W +1% Any -
R8 1 Resistor 2.2kQ, 1/8 W +1% Any -

ON Semiconductor & I*ON® B I [ESemiconductor Components Industries, LLC (SCILLC) D& REHZETT , SCILLCIF4EE. BE, BFHE. FL—FI—F Ly M(EERE) L4
DHMFFEHEICT 2HEMERELET . SCILLCORR/HHDBRARRY X FZD2WTIE, UTOUYIND

N

R

W= 1+ £ 9, www.onsemi.com/site/pdf/Patent-Marking.pdf.

SCILLCIZBEL LT, AZRHOUROEFFTI>EMNHYET, SCILLCIE, WA LIBHENDEMTOEROBESHICOVTRIELTHE ST, Ffz. BEHROERIZHE T
EROGAPFERNSE C-EHE. IS, BN, BEN, BENGETICRLT. WHASIEELAS CLEETEFEFE A, SCILLCT—42 o— FOREKRBISRINDAREED H
% MEEM) NSA—FF, FTVT—2aVITEoTIRELDIIELHY . REOHAELEHOBBICLYEILT ITHEMENHYET, MEEMN) NSA—FZETTATO
BERSA—4IE, CHERAICAZTIVS—2a VT LT, BEROFMRMEICSVTHIRITEIND LS BEVHRLET, SCILLCIE., ZORHFELCZDMDEFOT. L
NEBSA LV RALHFHELERA, SCILLCHRF, AFADARMBREEENLETDIVATLAANOER., £H#FE2ANE L7 T Y r—Ya Yy, Fi.
SCILLCRZNFEEBICL ITIBENDERNRBIYBILIBT TV T—2av B EADFERZER LRI SATELT. £, o ZERANRELTEYELA. BEH
M. COESIBERESAEZEDTEAZL, FASATOWEWTZ TY4S—2 3 VAICSCILLCEGEBAFTIIEALIBE. & X, SCILLCAZDHMADHRTE - (FRECEL
TBENH > -EERSAEZELTH. ZTOLSLEREHHEA. FRTFTOFERICEELLEESEND., EiE. RITMEMICELDITRTOIL—L, BA. B8E. &E.
BEURETHEEE, PEROERICSVTHEELELW:LET, /=, SCILLCEZNHA. #XE8. Foit, BESH. REECHLT. WALIEELSEZILVED
ELEY, SCILLCEEARSHZE/ZHRREEAETT. COEMTERINIHLPIEFREEDO[RELGS>TEY, LAEIHEICL>THERT S LETEELEA,

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT:
Literature Distribution Center for ON Semiconductor
P.O. Box 5163, Denver, Colorado 80217 USA
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada
Email: orderlit@onsemi.com

N. American Technical Support: 800-282-9855 Toll Free
USA/Canada

Europe, Middle East and Africa Technical Support:
Phone: 421 33 790 2910

Japan Customer Focus Center
Phone: 81-3-5817-1050

ON Semiconductor Website: www.onsemi.com
Order Literature: http://www.onsemi.com/orderlit

For additional information, please contact your local
Sales Representative

DNO05046JP/D



http://www.onsemi.com/site/pdf/Patent-Marking.pdf

