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The Output Characteristics of Low Repetition * High Power Nd:YAG

Laser Using LLC Resonant Converter
Hee-Chang Lee'
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Abstract: LLC resonant converter is used to control laser output power in Nd:YAG laser. Zero voltage switching (ZVS) is im-
plemented to minimize the switching loss which is adopting the LLC resonant converter. In the spot welding processing of
metal thin films, the processing quality is decided by the laser beam output energy of single pulse. We decide to the 50 [J] as
the single pulse laser beam energy. Laser output power is investigated and experimented by changing the output current. That
current is controled by the charging voltage of capacitor. From those results, we obtained the maximum laser output of 58.2
[J] and the conversion efficiency of 2.52% at the discharge voltage of 620V and the discharge current of 861 [A] and the
pulse repetition rate of 1 [Hz] at the charging capacitor of 12,000 [pF].
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Figure 1: Basic operating circuit of Nd:YAG laser
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Figure 2: The circuit of a simmer trigger method
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Figure 3: Input voltage and current at Simmer triggering
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Figure 4: Simmer triggering of xenon flashlamp
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Figure 5: An LLC resonant converter

Table 1: Design specifications of converter

Table 2: Design specifications of the transformer

X FIE f, 54 [kHz]
HA& FIT i 28 [kHz]
FAANAE C, 190 [nF]
H 5] 12
7 999 L, 48 [uF]
2tsl JAYE Ly, 250 [uF]

Ao gAY 310 [V]
HA gEAY 270 [V]
B dHAS 290 [V]
=9 At 600 [V]
=9 dF/ 3.5 [A]
Ao A9 2.1 [kW]
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Figure 8: The Nd:YAG laser resonator and its power supply
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Figure 11: The LLC resonant gain curve
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Table 3: Laser beam output and xenon lamp equivalent re-

sistance at Experiment condition

] A= A=l st & o] A
AL (V) e . -
F (A A (Q) =48 )
560 777 0.734 47
570 791 0.728 8.8
580 805 0.729 17.0
590 819 0.728 29.1
600 833 0.725 37.5
610 847 0.716 50.4
620 861 0.726 58.2
1 [Hz] A& A, 244 560 [VI5-E o)A W o] wzls}
R AL 620 [VIE ol Hh 582 [J]9] oA =&
FATE o] W AP Y o= 2306.4 [1]°] Wig &4 do]
AR F8(58.2/2306.4 x 100%) 2.52 [%]o] B2 7]E9] &
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