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Linear PFC regulator for LED lighting with the multi-level current bypass circuit.
Yuichi Noge*, Student Member, Jun-ichi Itoh*®, Member
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This paper proposes a linear PFC regulator for LED lighting applications. The proposed circuit is small in size because the

circuit structure consists of only semiconductors, IC's and small resistors without any reactors and electrolytic capacitors. The

current bypass circuit which is connected in parallel to the LED string consists of one MOSFET, two zener diodes and one

resistor. The MOSFET is operated in an active state by a self-bias circuit. Thus, an external controller and high voltage gate

drivers are not required. The proposed circuit is experimentally validated by using 7.8 W 5-strings and 15 W 10-strings

prototypes. From the experimental results of the 10-strings type, the THD of the input current is 5.1% and the power factor is

0.999. In addition, the power loss is analyzed at the efficiency of 91.6% for the prototype circuit.
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Table 1.

Comparison of LED driver circuits.

ot | S | ST | sqentl ™
Input current Sinusoidal Low power factor Sinusoidal Sinusoidal
Lighting flicker Large Small Large Large
e R e
Efficiency [%] 88.3,91.6 >80 85 85
Reactor volume Large Small
Capacitor volume Large Small
EMI filter - Required Required -
Input power factor 0.995, 0.999 0.7~0.8 0.98 >0.95
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Fig. 2. Input current and string current waveforms.
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Fig. 3. Loss reduction of current source

by using multiple operating points.
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Fig. 4. Circuit diagram of the first string in the case of 5 strings. (PMOS)
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Table 2. Circuit parameters for simulation and experiment
in the case of 5 strings.

LUW_INSH.EC (OSRAM)

LED Vi=3.1V, I:=20 mA, 36-series
SLPO1SS (ON semiconductor)
MOSFET Va=-50 V, R,,=18 Q, C;;~=7.4 pF
ZDygate; ZDpjas V=68V
Rbias, Rgale 1 MQ

NSI45020T1G (ON semiconductor)

Current regulator [,=20 mA, V,=3.5 V

Diode bridge DFO8SA (Vishay)
Vin AC 100 V, 50 Hz
Rbia.&
Rgmel Rgutez Rgazen

Ci:s 1 Ci:sZ Cissn

. J T

Fig. 5. Equivalent circuit of gate driver.
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Fig. 6. Loss distribution of each string.
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Fig. 7. Losses of linear operation.
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Fig. 9. Loss distribution of the first string. (5 strings)

Table 3. Circuit parameters for simulation and experiment

in the case of 10 strings.

LED LUW_JNSH.EC (OSRAM)
Vi=3.1V, I;=20 mA, 40-series
SSM3K15F (Toshiba)
MOSFET V=30 V, Ry=4 O, Cu=7.8 pF
ZDgate, ZDbias Vz=6.8 Vv
Rbias, Rgalc 1 MQ
Rshunl 625 Q
Current reculator LM1086-ADIJ (Texas Instruments)
Hien fegdiato [,=20 mA, V,,=3.0 V

Current
regulator

,,,,,,,,,, S
Bypass circuit
To diode rectifier + To diode rectifier -
Fig. 10. Circuit diagram of the first string in the case of 10 strings. (NMOS)
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Fig. 11. Switch loss comparison of string No. 1.

HiIalb—va MfEOHN 6.T%KEV, ZIHAA v T
DOEIFEE LA, V¥ o b—y g UK BB
IMTEET 5, Lk, ZHo ORBETBRERFHIERT S
LCRIBEORWHE W, G)~6)RUT X WK EHEET
52 &7T, FTREHBERHDAREL 22D,

(3:3) WA NREBEEMICLDIERER X112, ¥
ABLOK10IZR LT, 5514 B L 10 5119 BeoSo oS 2Rk
DOEIEEZRAWTAL v FHRREZHE LEERE 7T, 25,
X 10 DT A—=H %F 3 :/?@“o 5 FAERRKIF D A A > F 4
fE#5y DEKZ 100%E T 5 &, 10 FIRERRFECITERZ 55%
ﬁﬁf%éoLtmof,n4ﬁx&§%%m3ﬁé:&
TAA v FOBIGEEREOR R Z I L, EIRRIAEOR)E
EYEHETED

4. EERER

(4-1) 5 FIKOBERIE L EREB L OLE £ 4
IZ 5 FIEH, BROREFEONREAFL, BETF a2 v/ EE
Z A9 21K LED BEROFE L2 /R, TR ORI
EHERFE L, LED Z1FOAHHEORIMNSHEE L
T3,

IEE) Tronsy: @@, Vol.O®, No-@®, 000



#5773 LED BR@hnlEs (BT, )

Table 4. Specification of 5 strings prototype and sample product.

Proposed circuit | Step-down chopper
(5 strings) (Sample product)
Input power [W] 7.8 W 11.0 W
Luminous flux [Im] 751 810
Luminous efficiency [lm/W] 96 74
Power factor 0.995 0.79

Diode rectifier

String No. 1

Current bypass circuit

Fig. 12. Prototype of experiment. (5 strings)
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Fig. 13. Experimental waveforms of the proposed circuit.
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Fig. 14. Experimental waveforms of the step-down chopper circuit.
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(a) Proposed circuit (5-strings)
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(b) Step-down chopper circuit

Fig. 15. Conducted emission spectrum.
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