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The Optimum Design According to Type Analysis of the
Safety Circuit Design
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Purpose: The purpose of this study is the analysis of the failure mechanisms effect of circuit
design characteristics of the ballast for LED Lamp

Methods: Recently, electronic circuit of ballasts for LED lamp are being occurred on various
failure mechanisms (whiskers, ion migration, heat dissipation problem, switching element
damage) because electronic ballast circuit design characteristics are becoming more and more
diverse.

Results: we analysis failure mechanisms that occurs in accordance with the circuit design
characteristics The ballast for LED lamp were divided into three different types (Type A, Type
B, Type C) considering circuit design characteristics (thermal design, PCB patten spacing,
element material) and it was experimented in the acceleration test conditions (85C, 85% R.H).
Conclusion: We confirmed that failure mechanism of the ballast for LED Lamp had occurred
differently in accordance with the circuit design characteristics.
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Table 1 LED lights failure status(2013~2014)

el

Malfunctioning Failure Ratio
Item

parts count (%)

LED PKG 118 7.1

LED Re.:sistance 121 7.3

Module Diode 104 6.3

ETC 197 11.9

SUM 540 32.5

Switching element| 201 12.1

Capacitors 157 9.5

Power Resistance 195 11.7

cireuit Coil deterioration 187 11.3

Trans 59 3.6

ETC 245 14.8

SUM 1,044 62.9

Case 25 1.5

Mechanism | ETC 52 3.1

SUM 77 4.6

Total 1,661 100.0

22 WY 2 A FAY E £4

LED HAdga3AY F2 178 o2es 35

Electrolyte leakage

Fig.1 Power circuit components breakdown case

IC damage
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Table 2 Standard comparison in domestic and foreign

25WH AT Ay AYF

Division KS C 7655 JIS C 8117 RS-KORAS-KTC-002(2016)
High temperature Temperature: (85+2)C Temperature: (85+2)C Temperature: (85+2)C
operation test Time: 360h Time: 360h Time: 360h
ON/OFF time: each 30 s ON/OFF time: each 30s
ON/OFF test No load: 200 cycles No load, Load -
Max load: 800 cycles (each 1000cycles)
Temperature cycles 5°CQ, 1 h 5°CQ, lh (-40 + 2) :C, 30 m'in
et 100°C, 1h 100°C, 1h (85 + 2) C, 30 min
5 cycles 5 cycles 100 cycles
Temperature: (85 + 2)TC
Accelerated life test - - Humidity: (85 + 5)%R.H.
ON/OFF each 30 min
efficiency, Power factor,
15 min, 15 min, harmonics, power fluctuations,

Criteria .
Normal operation

Normal operation

load fluctuations, output voltage
error, withstand voltage

Table 3 Accelerated life test design

Lif M ( Confidence level
e Lifetime Exam conditions casuretien 60%
level requirements ;
sample water| Test time
51,000h Temperature: (85+2) T, Leakage Current,
B10 . . . . S5(EA 1,000h
(About 5 years) Humidity: (85+5) % R.H. Visual inspection EA)
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(d) Type A(rear)

(e) Type B(rear)

Fig. 2 Products by type structure

FAAZ 2HAEFT A Fo] °}L U4 AgE F
I A EE AL FFIAE HF o= A F Type

A%} Type B, 9] A% Type C2 <F1g 259} 7%0] 37}
A Type &2 F-F3t9lth A2 AASHL Type A
9] 7% THE Type A &l vls|) 2914427 A

7] 1] PCB 7] 9ol HAE R o2 Wl Fokat
Z9| AA oIt Type B 35 th& Type A F-of| w3}
ol AAE & o] o] AAN HELAE AT}E

o A8 Typeow 4749 YT Rel st

(a) LED power supply test
Fig. 3 LED power supply accelerated life test
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(b) Picture of the load
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Fig.4 The graph of leakage current trend
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(a) Product front panel

(b) Product rear panel

Fig. 6 Inspection results of the type A

(a) before the test

(b) after the test

Fig. 7 Switching element breakdown of the type A

(a) PCB whisker phenomenon

(b) PCB carbide phenomenon

Fig.8 Inspection results of the Type C



In-Hyeok Jang - Jeong-Ho Kim - Hong-Woo Lim * Geun-Tae Oh - Youn-Ok Choi 337

go) 4 Sof 2ok 725 21 5o} 327} Betol
s Aow FAHYT.

N
i

Fl

A E 2 LED AL AR gt 7%

bo fi
Ly
ol
;L

3] ~7] 9 o] &ujo] 1 o] A I EA,
i 5 q74] SA ol met Mz ge a
10}%{7 o] g3t 1A 7
<af Xﬂ%"e A 5730l wet3 7HA] Type
SAE AF9] dsAA 1AAUSS
ghels}7] 913l 85T, 85%. RH.9 =

A9 1000413 7H5HA 8 S DSttt A9
A} e glo] 29194747} pCB Fg] 738
Type A9l A5 €9 S0 2 Qs 294227t 5t
E5lo] o] PRI, A7HE 245 AHET
Type BS] 75 457k Z7]ch] eFau 7 271
&t T2 Typedl HI3) tha Bol F7hstaan #Ql
2919478 HAEA} M 2 HloigA, 2
SANAE 9 107} Rolgle Jau WY B
a2jal A TR ATAE S Swellingo] T
Ao% nEEAT FE FE g e A o
2 P § 3 202 FA3k Type ) 7-5-PCB )
HiAo] F2T peoi $27] B o] vl 1 o]
A3 3= 7 deto] Ay o}"ﬂ S
o, A 3s 53 —‘?‘iﬁ 2Rl 4% - A F3E T
7] Hth=PCB 719 el e}l 7HA A] %‘Xé?&ﬂ

M Z oo >
j}d AN P oo
m]o 2
o
b

M

E o O & [} o

O bu gy X o o

>,
(NI
=
2
ta
I‘_Q
ol
&

e

53} LED A4 9 AA5A 4 w2} vehhe 2
A AYZo] TS gelsda, o] g3t A1E Ad

S T3 FF KSHY IS 878k a2 Afo] 24
3, dsde B8 wE0 € T ER 4,

A BDREY Ao 1A B4 59 APS 784

BA 3 sl e AFEo] A

STHA LED A9 4214 1384 2
Aol Ego] @ Aoz A g

gl i""

References

[1] TEC 60319 (1999). Presentation and specification of re-
liability data for electronic components.

[2] Jang, I. H. (2016). “A study on the design and analysis

of degradation test for LED lamp SMPS”. PhD thesis,

Chosun University.

Jeon, T. B. (2007). “A Reliability Model of Electronic

Ballasts for Fluorescent Lamp”. Journal of the Korean

—
o
—_

Society for Quality Management, Vol. 35, No. 2, pp.
27-37.

[4] Jang, I H. (2016). “Main Factors that Effect on the
lon-Migration of PCB”. Journal of Applied Reliability,
Vol. 16, No. 3, pp. 202-207.

[5] Lee, D. B. et al. (2005). “Acceleration Test of Ion
Migration for PCB Electronic Reliability Evaluation”,
Journal of the Korean Society for System Engineering,
Vol. 9, No. 1, pp. 64-69.

[6] Lim, H. W. et al. (2011). “A Study on the Failure

Analysis and Representation Test Method of High

Frequency Transformer for SMPS”. The Transactions

of the Korean Institute of Electrical Engineers, Vol. 60,

No. 4, pp. 766-770.

RS-KORAS-KTC-002(2016), LED Electronic Control

Gear for LED Modules.

Shujuan, W. Hui. Z. and Hongliang,

—
~
—

(8

—_

G. (2004). “Re-
search on Parameter Optimization Design Method of
Electronic Ballast Based on Orthogonal Design”. The
30" Annaul Conference on the IEEE Industrial Elec-
tronics Society, November 2-6, Busan, Korea.





