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Fig. 12  Primary and secondary current waveforms of proposed 

resonant four-output LED driver operating in CRM. 

TABLE II   

OUTPUT CURRENT UNDER RATED LOAD  

vin (Vac) 

90~135Vac input 

 prototype 

175~265Vac input  

prototype 
Output 

90 120 135 175 220 265 

io1 (mA) 345.4� 345.6� 345.8� 351.7� 351.9� 352.1�
vo1 (V) 78.3 78.3 78.3 78.5 78.5 78.4 

io2 (mA) 345.4� 345.6� 345.9� 351.7� 351.9� 352.1�
vo2 (V) 77.6 77.6 77.7 77.8 77.8 77.8 

io3 (mA) 345.3� 345.5� 345.7� 351.5� 351.8� 351.9�
vo3 (V) 78.5 78.5 78.6 78.6 78.6 78.7 

io4 (mA) 345.4� 345.6� 345.8� 351.5� 351.7� 351.9�
vo4 (V) 77.8 77.8 77.8 78.0 78.0 77.9 

TABLE III  

OUTPUT CURRENT UNDER EXTRME LOAD IMBALANCE 

vin (Vac) 

90~135Vac input 

 prototype 

175~265Vac input  

prototype 
Output 

90 120 135 175 220 265 

io1 (mA) 345.3� 345.5� 345.6� 351.6� 351.7� 352.0�
vo1 (V) 78.3 78.3 78.3 78.5 78.5 78.5 

io2 (mA) 345.5� 345.5� 345.8� 351.6� 351.8� 352.0�
vo2 (V) 68.6 68.6 68.7 68.8 68.8 68.8 

io3 (mA) 345.2� 345.4� 345.5� 351.6� 351.9� 352.1�
vo3 (V) 56.1 56.1 56.1 56.3 56.3 56.2 

io4 (mA) 346.5� 345.7� 345.9� 352.1� 352.4� 352.5�
vo4 (V) 31.2 31.2 31.2 31.4 31.3 31.3 

Table II and Table III illustrate the test results of output 

currents under rated load power and extreme load imbalance. It 

shows good output current regulation and current balancing 

characteristic for two prototype from 90~135Vac and 

175~264Vac input, respectively. 

Fig.13 shows the startup performance of 90~135Vac input 

prototype. After startup, it can be observed that four balanced 

output currents are established, which shows good steady 

current balancing performance among four LED strings.  

Fig.14 shows the dynamic current balancing waveforms 

under extreme load imbalance. From Fig.14, when LEDs4 is 

short-circuit, the output current overshoot and undershoot of 

other LED string appear because of low bandwidth of control 

loop. But the current of the other LED strings can recovery to 

the desired current within a short time, which illustrates good 

dynamic current balancing performance of four LED strings. 

Above experiment results show that this prototype has nature 

output short protection characteristic and it doesn’t need 

additional short protection circuit.  

 

 
Fig.13  Startup waveforms of proposed resonant four-output LED 

driver (90~135Vac input prototype). 

 

Fig.14  Dynamic current balancing response waveforms when LEDs4 

is short-circuit (90~135Vac input prototype). 

 

Fig.15  Voltage and current of switch for 90~135Vac input prototype. 

Fig.15 shows the voltage and current of switch for 

90~135Vac input prototype. From Fig.15, it can be known that 

the maximum peak reverse voltage across the switch, caused by 

leakage inductor, is about 550V, which is lower than maximum 

allowable reverse voltage of S1 (15NM65). From Eq. (47), the 

analysis result of the sustained reverse voltage is 436V, while 

the experimental results of the sustained reverse voltage is 
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about 438V, which is almost the same as analysis results of Eq. 

(47). From Eq.(50), the analysis result of secondary peak 

resonant current is 5.5A, while from the experimental results 

shown in Fig.15, the secondary peak resonant current is about 

5.9A, which is almost the same as the analysis of Eq.(50). 
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Fig. 16  Efficiency curve of proposed resonant four-output LED driver. 

Fig.16 shows efficiency of proposed resonant four-output 

LED driver. As shown in Fig.16, the maximum efficiency of 

90~135Vac and 175~265Vac prototype are 91.4% and 93.6% 

respectively. The proposed resonant four-output LED driver 

benefits with high efficiency due to single stage power 

conversion and soft switching characteristics. 

V. CONCLUSION 

A single-stage single-switch four-output resonant LED 

driver is proposed. Current balanced among four outputs can be 

achieved by only controlling one output current. Single-stage 

power factor correction and four constant current outputs are 

achieved together by using only one active switch and one 

magnetic component. Compared with conventional two-stage 

multiple output converters, the proposed LED driver benefits 

from significant overall cost saving, small size and light weight 

of device. Experimental results are presented to verify the 

proposed LED driver, and demonstrate the advantages. This 

solution can be easily applied to high power LED lighting such 

as panel lighting. Although only four constant current outputs 

solution is discussed in this paper, the proposed LED driver can 

be easily extended to realize multiple constant outputs to fulfill 

different system requirements. 
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