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ABSTRACT

A Study on the Design and Analysis of Degradation Test
for LED Lamp SMPS

In Hyeok Jang
Advisor : Prof. Geum Bae Cho, Ph.D.
Departmant of Electrical Engineering

Graduate School of Chosun University

Recently, the lighting market is showing a trend of increasing prevalence of
various lighting products, due to the increases in national income and industrial
development. Among the lighting products, LED lightings are replacing existing
lighting as an environment—friendly and energy-saving industrial product since
2000s. LED lightings have made continuous technology development and the LED
lightings market is expected its rapid growth for the future. As demand of the
LED lightings are increasing reliability, light weight and high efficiency of the
power supply have become necessary elements of LED lightings. The
SMPS(Switching Mode Power Supply) is a device that meets these requirements.
The SMPS which uses a high speed witching system makes possibilities of
miniaturization and high efficiency of the light product. So the use of the SMPS
1s gradually expended as a lighting industrial trend. In the past, the study of
lighting was focused on the efficiency and miniaturization of the SMPS but
nowadays reliahility and safety requirements are more required to study due to
the increases of domestic use. The fire accidents which occur from the

mechanical factors of electronics are counted around 14,500 cases(3496) causing
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400 people casualties(20%6) and 9,000 hillion won in property damage(30%) as the
annual average in last three years, and the electronic fire accidents are not
reducing each vyear but rather increasing. The SMPS of LED lighting is
considered as one of the major causes for electronic fire accident, as it takes the
fifth position of reasons for domestic fire. The main reason for the fire and the
electric shock causing from the SMPS is deterioration of the product due to
long—term use. The expansion and the diversification of imported items are also
one of main factor for increasing percentage of the fire and electric shock
accidents of LED lighting power supply. The manufacturers have also tried to
prevent the increase of fire and electric shock accidents through an improvement
in manufacturing technology and quality of product. However, there is a limit
that prevents the fire and the electric shock accidents from the degradation
products. The SMPS for conventional LED lighting is under KC(Korea
Certification) certification exam as a target product safety certification. Aside
from it, there are a variety of criteria, such as KS (Korea Standard), MIL
standard. However, as those criteria are standards for safety and quality aiming
at new product, it is not appropriate to apply the standard to deteriorated product
due to prolonged use.

In this thesis, T proposed design and analysis of degradation test for LED lamp
SMPS. I designed FTA(Fault Tree Analysis), FMEA(Failure Mode and Effect
Analysis) in order to analyze the mechanism of the degradation for LED lamp
SMPS and designed durability experiments on environment(high temperature
operation test, high temperature high humidity operation test, high temperature
operation test, high temperature operation test, high temperature high humidity
non operation test, high temperature non operation test)experimented through the
two-step QFD(Quality Function Deployment) and tested on designed tests. After
test, I performed reproducible tests through environmental conditions on the PCB

electrochemical-migration.
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Finally, according to results of the reproducible test, quantity of the product
sample were determined for degradation test. Different models were also become
as subjects on the test in order to verify adequacy of the proposed test method
and the tests were successfully verified its adequacy. Now degradation
mechanism of the SMPS for LED lamp relating fire and electric shock due to
deterioration of the product could be detected at early stage of product
manufacture by using proposed test methods.
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LED Lighting

SMPS LED Module Mechanism

Fig. 2-1 Configuration of the LED illumination

2. LED &%

874 D 1FE ozt EelE LED 2H S YA Akgjolgts B o A
AA Z=e] Al 2 HAISE Fall Aol B4 FAEE dAC Atk 19
2-2= AlA LED %A 5 A%e Jebd Ao =X LED WA 2012d
o|TE VHoE HAHoRE A3} o g, 20163 oF 4249
g8 Ao Z AT HAow FAHY. =g LED ZHAIAS AHsr] s
=29 JAIEY 2ol 7i&stE Qlom, LED ZHAA s o8&
7t QAIES FHSE A7 ApEsL dE Itk S LED ZBHA%

2
of TR YA 2012dE VIHeR BAHow ARt 19 232 =4 LED

zy ARTES Uehd Zlog, 53] $87)7] A%e] 7bd & ARo® LCD
£ BLU EEL 20119 1,500 4oA 2012d@ 9,00021d, 2015 52%Y HEE
AA AFag LED EE-2 20109 600 & €, 20124 6,5009] 1, 20159 1.1%
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Fig. 2-2 LED lighting market outlook

2013 Year
l 69,300 Unit : 100 mn(dollars)
B 2015 Year
50,000
43,800 37.867
28,340
11,000

LED Chip, PKG  Application | Ep [ighting
Equipment

Fig. 2-3 LED lighting market of domestic

{“/Collection @ chosun



B. LED #3xX-8& SMPS

ALdEs A= =Y AAYAA w2t A¥(Linear)¥A 3 29% ==
(Switching mode)®¥2 o2 FEEO o, Aygfale 7|EHQA HdAdFa71<
AAA 2H7be AL, A AA7Ie dAHE V& Adew 490,

2AARE a2 A Switching Mode Power Supply2 st &3] SMPSZ
EHUTH 29ARE e 7EHQ AdEF7Ie 29 AAHMOSFET, IGBT),
Aozl =k AR JE Hotow :r“é%‘:}. Aozl zo A E¥¥= DCAYS
g

:
okl Ushe £9 BYE FAAU E 218 AIIAI £9ARE 442
9 542 viad otk MEWAe x9Yme W s Cut OFF(O

Voltage Z8)olA e Za e @A 28 Aghel ol2717H4 WS we #Hs
of AxA =4 7?-‘3&@% Aol Jda 'Ll oF 30% ~ 60% HEZ Y=
So] Stk 7 A3 EdaEm ] 23k FolAM adte AUET A 2 A
o

Table 2-1 Comparing the power supply

T2 AE g AETol SMPS

EM Bk B

58 S2(30% ~ 60%) =-2(80~90%)

B A, AR, g3 B (AT, B2Alo, ¥ A9
R AVdo] BARL = g 2x FeAdE Y
AIF= =-3(0.001%~0.1%) BE(0.1%~3%)

2] Z(P.R)% ZH0.1mV~10mV) S H10mV~200mV)
FESTHEE - 2 oH(50Ms~1Ms) 1 5(500Ms~10Ms)

H| & s HE
T A 7HH &

BT A sl U(TE|, A== YA} 71s)
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T s dAde Burt 33, Adguae] @4 = 3l Pass Transistorol] T
gk Heat Sinking H|9} ATyl ERAEHO] Algoz F Hiuol IS 24|
FHTH22].

SMPS= 38 MOSFET, IGBT 59| W=Al &xbs 29X 2 Agste] A7
A AGE 7 Pl Aoz W F HEE T3 AoH AR &
g e de AA2A A=A 224 2932 o] 88t FHe 55& Ao
st oz E AP ALdET AA ol wls) E&o] wa WAl
Zst, 48 -A7sd fed dHE AL ARolvh. ey F 9
< FoEx WSt 293 &4, Y &4 o Y &4 Surge ¥ =
olz A& st o Tt

o
o

A5 A SMPS= 19 249 o] A8uF{FHY(220 V, 60 Hz)E A
Yoz Agstn] Abdel ofs) BAsHE HF g o)Rdded o3 AvkHE HA
%Li-li%iﬂ 325 B3 Surge AABE, 2 W HAd Fal B AT FF
< AAstE EMI ZH, 29l ZH, A{F4 A4 A3AE E*PEHTL o9&
4 3%, DC-DC ZAWE, R332, dAAFE Fa7] A AF =gl
To® TAHHT

I AC Line
Fuse TVE (og \ Open LED
1 SHMCADDCA ) Protection
a * b -
i Conatant

- | I't ~ wrend LED EE

I =1 ol ¥ e = String Driver
Il.f-’ ¥ ./E\"‘-l I|| !\|r.;|- - rhgml E13

T s ™
Y T o oe i NERNZ4 SRV g/ L 1) ==
AC inpat \. E81 Firter Line Rectifer . DC DC I:T.om'lrm Constant =
o N % —\ Curmend LED =
| String Driver -
AK_TVS, Hv DG o Pe
MOV Fusao o
o

3 - S e
d Conutamn -l
SMPS Cumeni LED | ¥a
1 String Driver -

Fig. 2-4 SMPS structure for LED lamp
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AR gabtel thiwe] wo® Byeka BE A Akt @A 9
onE YTHOE 1S WA PAFE A Bbssth e duHo
= 2R A 1 9%e S

EA A e o] ARse} gk 14 8l
q

NP e AEH o Brle

of Fatx o Basjor & Bas} Y.
2. 7FEAE

Be REom TAE Az" AF AHHL BRI s ARALY
o} ¥ES AHESL aTHE 52 ol o] Hojop stk AFS| Aol Ui
of He aTE AR, BE, Az o=y Age) Bage A

Z
2]
713 ek SARE 3 A EE ;ﬂ]%o AL d TO

S 1 ol 1A glo] AR

7hesstEE AAE T metA] A3 ARE Z2dA & 7IZE W g 3%
T A% A3k HolHE H3tE A AY EBIFsETh o 22 EA tigh
Ao 2A 7HE5A H (accelerated test)> FFARA ALE ARG TMEgE A
1S Frkste z7ld 1S FEAA 1 AFE AFoly B FF &
Age] 1FAARE DI W 7] f& 8] & T

THETHAdYE S A e 956 AR HHORE ARS ARG 7RG
A AABte Adolth. TtEFEARddAE YA oRE 2 2EHX S
oM B Ee &8 2EHXE Whske 2B VM 52 3d AR 5%
W S E STMTIAY AE5EE Al AS Abe =8 AR 7SS AAlE)
o AFo 17 MAUSS St FHS 4300 49 AH2REH A =
A9 8 e AFES FE37] HMe F 21AAY 1A wMAYSFe] F
dafof gt} THEAFE AR 219 TS 2 Aboldl EAiEE RS 28
sto] 3o 7SR A e AfGAdAM s TSR g e S g 2E
g 2o Fi AS aesfornt st AEAE AP A ol FEEHE 2EH X
3 e ged 2o

a. 483 2=E# 2 A3 (constant-stress accelerated test)

Ay ool YA FFE 2EYU2E AY FIAHNA FAGE dHoR

of We APol Hgarlsl Welshn 2Eels fA7} Ak £@ AH 2Eq
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2 FEo AL THERYo]l de] JidE A APA HFE Bl olFolA
= 3ol Ao

b. AGE 2EdH 2~ 4 H(step-stress accelerated test)

2EY 2 FES AGFEOE S A= A URolth o] WS AY &
o RS Wy I F Ae AHol Aoy AF Gy nAA 74 2Ed
2oA =9 73 AUt Aol e BF o] Fesit

c. AXY 2E# 243 (progressive-stress accelerated test)

ARt wel 2EHAE d&5oR FUMATIEA Adets WHOoRE AgH o
2 Z7Mste A9 B EZ(ramp stress) D P ol gt

d. 718 2Ed 2 A3 (progressive-stress accelerated test)

A AFol et 2E# 2 FFo] ARISA 3 o] FrFor WIke
A Wolt. 5% FFEY 2Ed 2 73 U Bo] A &Hn.

HERFPYS 2Ed 2 THE A A8 = 9lon, Y AFe] s 2EY
2 3o BAE Yt Hi, £9F, 2FUA 5 FHEEY EFE 2EY
2 | Fr xdsted VMETHEATE A"y 9 2 A5 4 A
¢ Fastth & 22¢ VHEFHEAYE R¥E VHEASTE AT Aot

Table 2-2 Acceleration factor model
MR THEA S M 3L
=
Arrhenius 2.3 Af= % :eXD[ ifl ( Tein,pl - Tein,pz )} )\i;{}\
A FAF L s, |
o v ool '
) Bl = rEys
Eyring B3 Af —expl k ( Torp, Tomm, )] « exp[f, (s, —s, )] e Ao
2HFE IERY Af—explE( ! ! ) xply(— Ly -
k\ Temp,  Temp, RH, RH,
2EHEXEH A E ([ 1 1 s, |
& A _explk(Templ W) (s_l) )
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I Qe FAelth aEla oy e FaAF-S AAHA &3 ALHAM 51 e
FAlelth,
e | ~
wsver |
e |- -
@ O
¢ Manufactured goods — Household Applance
Fig. 3-1 Consumers status report on the defective products
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3 Qe F8 W3l F5 F shuolti5-6]. SMPSe| tiE siAl 2 7 59
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Table 3-1 Status of domestic fire accidents each item(Top 10)

5% s T4 8] (%)
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b. SMPS #4
LED #Zg& SMPSE Wao] Atz HA &2 2 Az dAFe= 47
g A AL AR UF do] SHH A d&ES HolAY 74 FF

o] dgz A3 Al At 1 3-2(b)S o] A ST

¢ AAe) =)

LED =%& SMPSe| AAE st Aol wrlg wis] 9ste] 4% 2%
2 AgeA 9T, A7k e HALTo] ©H = AAAE, HEaA R
So) o5 AELsZ 3 o4 o] BAAAA o] F Aekatx] Ea)

2 3209 2ol waatiet.

K
Ll

(a)Fault protection device (b)SMPS overheating (c)Design Issues
Fig. 3-2 SMPS incidents status
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Transistor

Etc

17.9%

Fig. 3-3 Failure rate of power circuit components
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Table 3-5 SMPS main cause failure analysis

1334 ad B F FE9 134
Capacitor, - AR5 Capacitor, Diode &%
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SCR, IC QI E] 2 On/Off 2294 4xp B
ol M= Capacitor, JIHE Z9 Capacitor B3
Diode, FET, TEIC BY
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Fig. 3-4 Power circuit components breakdown case
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st a2 F 29A &AQI MOSFET(Metal Oxide Semiconductor
¥t 184S dode F 1 2AE dHA U MOSFET
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Fig. 3-5 MOSFET driver failure mechanisms
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Fig. 3-6 Failure of the MOSFET due to deterioration
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Table 3-6 Power Circuit Failure Analysis and Improvement
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2. FTA
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Fig. 3-7 FTA of LED Lighting SMPS
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Table 3-7 FMEA of LED Lighting SMPS
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Table 3-7 (Continued from the previous page)

wE : ZA4Y 2
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D. QFD A7

1. QFD 194

QFD 19ANA = Al ="l Z}Zbeo] Rz 1
YZol digk AAZ A5rF dasity AR/ A52= g3 2 e =

= oUW 2 TA 4, AFe BTAba Ak, ASAF A 58 B3k QFD
1A o] AL == 3t} o]Z E& RPN Score 2 RPN F8A4E mtotdle] A

=
28 A 7HE A eR Aol & FEe AT
O~

A FEF AARS 93 QFD 194 WEY

Table 3-8 QFD Step 1

ue § vl 29A i
TAE A8} PCB [ Tolo= A AR A E
e} A7
. +
ke o e . e A
(Failure | < A .
. om | 7 m}o] A -
echanisms) | € I & ge | 29 gl gl 2| g g v g 3 a
A4 Al oaa |l ® T g oAl gl | Al 2 A D
a4 o)A 9 +
(Stresses an < . ar 2] = =
= o =
Performance)
ol
RPN 36| 27 27| 512 128 80| 80| 60| 200 120| 100| 48 | 48 24
RPN Scale | 002 002 | 002] 034 0.09 | 0.05| 005| 0.04| 013| 0.08] 0.07| 003| 0.03 | 0.02
2= o O &> @) O @) o) o
RNy © © ©| © O] O o]
AR ~EY 2~ o] o
e e O
=W | | o] ©
F= o} &> o} o}
ARIAF © © o © & &S| oo
35 ©) o] O o)
Score 24| 2 7 21 21 19 18] 2| 24| 21] 6 3 6 3
RPN Score 058 040 | o3| 7.2 180 | 1.02| 097 008| 322| 1.69] 0.40| 010| 019 | 0.05
a4 6.2% 405% | 101% 11.6% 27.5% 42%
© :94, 0 : 3%, & 1R BHUEE ©c] 93 S AL 09 FFEI HE FF= HIE vl
At AS YERTH
RPN Scale : RPN/ A A RPN g4k 7t
Score : LAUJNE FIF= 4t 7
RPN Score : RPN Scale x Score
RPN &4 : 2359 RPN Score &4t 7/ A RPN Score &4t 3k x 100
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2. QFD 2%

257 L3
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Table 3-9 QFD Step 2

A3 Test Method
A U (Tes ethods) e ex
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L= gl
RPM A9 B 49
5E5 IZEE A A
Score
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A g i 1‘; o & 040 o - - - -
=3
) 52 0.13 <& - - - .
IR, et 7.22 o o o & o
FET%
293
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o gl 1.80 O © O O O
vha] e} == 1.02 O @) - & o
PCB AApols A4 0.97 - © - - ©
oe 0.08 O @) - - &
ol & oA 322 ©) o - - &>
i 1.69 & - - - &>
et 040 - o) - - -
A8 7 =) @A 0.10 - & - -
A H FHAFY Z 0.19 e - - o) o
e F= 0.05 o - - - o
e 71.44 115.97 27.06 14.23 4454
+9 2 1 4 5 3
0 :93", 0 :3%, & 1He® Hrkete ©°] 93 A AL 0 FF=VE BE FF= M
ul$- AthE ASs UEeRdT
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Collection @ chosun



E. W74 2439 44

QFD1, 294 A& Hlg o= LEDZ9WE SM

WAUEZLS F2 123 121 HoSAA g2l /HX] x‘
2 2 A A BAE 8
AARste] 12 FAAY, 1x1F TAAE, 1 YAAY, 121

=9 L

Model), =l AF 2 FF(B Model, C Model)E 13 3-8 o] AAsATH

(a)product A (b)product B (o)product C

Fig. 3-8 Test product pictures
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Table 3-10 High temperature operating test methods

A= AW AN
1) €= : (30 * 3)T 1) SEAAF

@) &= 4 () FEAF

(3) Azt : 1,000h (3) Bz}
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2EAAR | (2 TF 4 2) FEAF
(3) Azt (3) Bz}

(1) &= (1) SAA

2) Q) FARF

(3) (3) BEixf

(@)Picture of the test@

(c)Picture of the test® (d)Using the load

Fig. 3-9 High temperature operating test pictures
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85T, 40%. RH, 85C, 60%. RH, 85C, 85% RH®] Al 7}A zelA 24zF 5 7
2 % 3103 o] sl

Table 3-11 High temperature and high humidity operating test Methods

A= A HARAR
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o ((40 + 5))7 R H m) Hedt
= 0 . . 1__}:‘;‘_ _]E
@ 53 4 @) e
() REad
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2449 | @ 5% 4
() REad
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@ 57 ) @ e
() REad
(3) A1ZF : 1,000h

(c)Picture of the test® (d)Using the load

Fig. 3-10 High temperature and high humidity operating test pictures
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Table 3-12 High temperature storage test methods

AP = AFTH HAAR

1) 2= ( 2)C 1) StAA

ISR ) A AE @) 345%
(3) A%t : 1,000h (8AX]L 1.24H)

(a)Picture of the test® (b)Picture of the test®

Fig. 3-11 High temperature storage test pictures
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Table 3-13 High temperature and high humidity storage test methods
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(a)Picture of the test@

(b)Picture of the test®

Fig. 3-12 High temperature and high humidity storage test pictures

{Z/Collection @ chosun



v. 48 2 A3

43

>
of
)

FAAE =1 50T, 70C, 90T =AM A, B, C Al FF
SMPS Z+7} 54|18 KS C IEC 60335-101]/‘1 A A '3}% FTART SAUYHE o] &

Lo

—_
N
R0
=2
w
@®
=2
[onY
|
N
=
O
8
=
(‘_}L
N
o
fru
[
o
>
—_
o
rri:i
o
J[}h
O_l_.
of
ol
bate
rog
£
N
>

i
™

B9 5 GAHE ol gz Sot ARE d6s, FHAR %ng
e A AARHAR, DFFAATF, BAFLATI Aok AARE ARE 2
S

=4 ]1_ Tt AR S22 HARE

rlr
13
AN
o
N
N
il
S
>
o
o
n:?i
ol
pate
1]{e3
£
e g

s 53lo 22/ HE *33134%
941%%}%] = AFE vt LEDZY-E SMPSe A% 3= U HA7}
A I e o] &3ty Z?ﬁo}%lt}
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Fig. 4-1 Leakage current measurement
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Table 4-1 Leakage current measurement of the product AB0T)

2d | 27|13k | 24 H 48 H 9% H 168H | 336H | 672H | 1000H
Al | 0.083mA | 0.081mA | 0.083mA | 0.085mA | 0.085mA | 0.084mA | 0.085mA | 0.085mA
A2 | 0.085mA | 0.086mA | 0.085mA | 0.08ImA | 0.086mA | 0.088mA | 0.083mA | 0.086mA
A3 | 0.084pA | 0.084pA | 0.083pA | 0.084mA | 0.082mA | 0.085pA | 0.085mA | 0.085mA
A4 | 0.08pA | 0.085mA | 0.082pA | 0.088mA | 0.088mA | 0.089mA | 0.087mA | 0.088nA
A5 | 0.08IgA | 0.082mA | 0.079mA | 0.078mA | 0.082mA | 0.083mA | 0.085mA | 0.082mA

120
] —@— MODEL !
®— MODEL A2
MODEL A3
—&— MODEL 2
_ 110 4 MODEL 4
2
E 100
G -
e
=0
]
-
T 80
BD T T T T T
0 200 400 600 80O '|JDU

Time(h)

Fig. 4-2 Leakage current trend graph of the product A(507C)
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Table 4-2 Leakage current measurement of the product B(507C)
»d | 2717 | 24 H 48 H 96 H 168H 336H 672H | 1000H
B1 0.180pA | 0.183mA | 0.183mA | 0.184mA | 0.188mA | 0.183mA | 0.185mA | 0.188mA
B2 0.185pA | 0.184pA | 0.188mA | 0.190mA | 0.189mA | 0.181mA | 0.187mA | 0.189mA
B3 0.192pA | 0192pA | 0.191mA | 0.192mA | 0.193mA | 0.195mA | 0.196mA | 0.196mA
B4 | 0.183mA | 0.185mA | 0.186mA | 0.18ImA | 0.185mA | 0.188mA | 0.188mA | 0.189mA
B5 0.182pA | 0.183pA | 0.187mA | 0.185mA | 0.183mA | 0.185mA | 0.187mA | 0.188mA

120
. —&— MODEL Bl
—&— MODEL B2
MODEL B3
—8— MODEL B4

110 4 MODEL B3

£ - =l

=t ‘/- ey, oyt
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l'me(h)

Fig. 4-3 Leakage current trend graph of the product B(507C)
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Table 4-3 Leakage current measurement of the product C(507C)
2d | x7|% 24 H 48 H 96 H 168H 336H 672H 1000H
C1 0.208pA | 0.207pA | 0.208mA | 0.211mA | 0.213mA | 0.215mA | 0.212pA | 0.213mA
C2 | 0.210mA | 0.212pA | 0.213mA | 0.211mA | 0.212pA | 0.215mA | 0.216mA | 0.216mA
3 0.205pA | 0.206mA | 0.205mA | 0.208mA | 0.211mA | 0.212mA | 0.213mA | 0.212pA
4 0.208pA | 0.206mA | 0.208mA | 0.210mA | 0.209mA | 0.211mA | 0.212pA | 0.211pA
Ch 0.212pA | 0214pA | 0.213mA | 0.216mA | 0.215mA | 0.217mA | 0.216mA | 0.217mA

120
= —8— MODEL C1
L ] MODEL C2
MODEL C3
—i— MODEL C4

_. 10 A MODEL 5

‘E ® ____'—*Il""-_-_ - .:____ ;_‘__—_—_.-,_. —— __;

E 0| GPEE=

&

g

3

= 80 -

BD T T T T T
0 200 400 600 800 1&00
Time(h)
Fig. 4-4 Leakage current trend graph of the product C(507C)
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Table 4-4 Leakage current measurement of the product A(707)

74 | 27|zt | 24 H 48 H 9% H 168H | 336H | 672H | 1000H
Al | 0.081gA | 0.083mA | 0.084mA | 0.083mA | 0.082mA | 0.083mA | 0.084mA | 0.084mA
A2 | 0.079mA | 0.080mA | 0.08ImA | 0.081mA | 0.083mA | 0.082mA | 0.083mA | 0.083mA
A3 | 0.080mA | 0.081gA | 0.082pA | 0.083mA | 0.081mA | 0.084mA | 0.082mA | 0.083mA
A4 | 0.078gA | 0.080mA | 0.082pA | 0.081mA | 0.081mA | 0.082mA | 0.081mA | 0.082mA
A5 | 0.082mA | 0.082yA | 0.082pA | 0.083mA | 0.082mA | 0.084mA | 0.083mA | 0.083mA

120
—@— MODEL Al
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Fig. 4-5 Leakage current trend graph of the product A(707)
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Table 4-5 Leakage current measurement of the product B(707C)

2d | 27|13k | 24 H 48 H 9% H 168H | 336H | 672H | 1000H

B1 0.179pA | 0.181mpA | 0.183mA | 0.184mA | 0.183mA | 0.187mA | 0.188mA | 0.191nA

B2 0.182pA | 0.182pA | 0.188mA | 0.187mA | 0.188mA | 0.189mA | 0.192mA | 0.193mA

B3 0.190pA | 0191mA | 0.191mA | 0.194mA | 0.196mA | 0.198mA | 0.201mA | 0.202pA

B4 | 0.182pA | 0.183wA | 0.187wA | 0.185mA | 0.186mA | 0.188mA | 0.188mA | 0.190mA

B5 0.181pA | 0.182pA | 0.185mA | 0.184mA | 0.183mA | 0.185mA | 0.187mA | 0.191nA

120
| —8— MODEL Bl
®— MODEL B2
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—8— MODEL B4
1104 MODEL B3
=
w:‘_-'_‘ e
oy — e — :
= N e —"__‘__ 8
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T'ime(h)

Fig. 4-6 Leakage current trend graph of the product B(707C)
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Table 4-6 Leakage current measurement of the product C(707C)

2d | 27|13k | 24 H 48 H 9% H 168H | 336H | 672H | 1000H

Cl | 0.205mA | 0.206mA | 0.205mA | 0.208pA | 0.209pA | 0.211mA | 0.212pA | 0.212pA

C2 | 0.208pA | 0.207mA | 0.210mA | 0.211mA | 0.212pA | 0.213mA | 0.215mA | 0.216mA

C3 0.206mA | 0.205pA | 0.208mA | 0.209mA | 0.211mA | 0.212mA | 0.214mA | 0.213mA

C4 | 0.201mA | 0.203mA | 0.204mA | 0.206mA | 0.207pA | 0.209pA | 0.211pA | 0.210mA

Ch 0.208pA | 0.209pA | 0.211mA | 0.212mA | 0.211mA | 0.213mA | 0.214mA | 0.215pA

120
T —&8— MODEL C1
—8— MODEL C2
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—8— MODEL C4
. 10 4 MODEL €5
G.D
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E i ———*8
£ g —— B
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Fig. 4-7 Leakage current trend graph of the product C(707C)
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Table 4-7 Leakage current measurement of the product A(907C)

»d | 2717 | 24 H 48 H 96 H 168H 336H 672H | 1000H
AT | 0.087mA | 0.085mA | 0.08ImA | 0.084mA | 0.082mA | 0.086mA | 0.087mA | 0.088mA
A2 | 0.083mA | 0.084mA | 0.082mA | 0.082mA | 0.083mA | 0.088mA | 0.084mA | 0.087mA
A3 | 0.088mA | 0.085mA | 0.087mA | 0.085mA | 0.081mA | 0.086mA | 0.084mA | 0.088mA
A4 | 0.091pA | 0.087mA | 0.089mA | 0.091mA | 0.089mA | 0.091mA | 0.092mA | 0.094mA
A5 | 0.078pA | 0.081mA | 0.082mA | 0.083mA | 0.085mA | 0.082pA | 0.084mA | 0.084mA
120
—8— MODEL Al
—— MODEL A2
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—— MODEL A4
. 110 MODEL A%
=
2 100 -
;érl
E
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Fig. 4-8 Leakage current trend graph of the product A(907C)
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Table 4-8 Leakage current measurement of the product B(907C)

2d | 27|13 | 24 H 48 H 96 H 168H 336H 672H 1000H
B1 0.182pA | 0.187mA | 0.185mA | 0.188mA | 0.201mA | 0.212mA | 0.215mA | 0.212pA
B2 0.192pA | 0.189mA | 0.192mA | 0.19mA | 0.212pA | 0.208mA | 0.211mA | 0.209nmA
B3 0.198pA | 0.195pA | 0.193mA | 0.196mA | 0.215mA | 0.213mA | 0.216mA | 0.213mA
B4 0.185mA | 0.187mA | 0.19ImA | 0.190mA | 0.192pA | 0.196mA | 0.195mA | 0.197mA
B5 0.187mA | 0.185mA | 0.188mA | 0.187mA | 0.192pA | 0.195wA | 0.201mA | 0.198mA
120
— — -
——e
110 4 - S
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= il
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Fig. 4-9 Leakage current trend graph of the product B(90C)
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Table 4-9 Leakage current measurement of the product C(907C)

2d | 27|13k | 24 H 48 H 9% H 168H | 336H | 672H | 1000H

C1 0.210pA | 0.208pA | 0.212mA | 0.213mA | 0.213mA | 0.225mA | 0.232pA | 0.241pA

C2 | 0.212pA | 0.211mA | 0.215pA | 0.211mA | 0.215mA | 0.234mA | 0.234mA | 0.238mA

C3 | 0.209mA | 0.205mA | 0.208pA | 0.210mA | 0.212pA | 0.228pA | 0.23IpA | 0.236mA

C4 | 0.205mA | 0.207mA | 0.208pA | 0.210mA | 0.208pA | 0.213mA | 0.242pA al

o

o~

%

Ch 0.217mA | 0.214pA | 0.211mA | 0.216mA | 0.221mA | 0.235mA | 0.236mA

K

120
100 { cmn-—Sao—=—"—
=
L
2 80
5
]
g 60 4
1
=1
L
-
b3 40
i | @— MODEL C1
—8— MODEL C2
MODEL C3
20 4 —i— MODEL C4
MODEL C3
0 T T T T T Arp

0 200 400 600 800 1000

I'ime(h)

Fig. 410 Leakage current trend graph of the product C(907C)
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(a)The initial product picture (b)After the test picture

Fig. 4-11 Visually compare the initial product and the defective product
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(@)The initial product (b)Degradation product

Fig. 4-12 Comparison of MOSFET insulation before and after the test
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(a)Initial products (b)Breakdown product

Fig. 4-13 Comparison of fuse resistance of initial products & degradation product
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Table 4-10 Leakage current measurement of the product A(85C, 40% R.H.)

2d | 27|13k | 24 H 48 H 9% H 168H | 336H | 672H | 1000H
Al | 0.081gA | 0.082pA | 0.082mA | 0.086mA | 0.089mA | 0.092pA | 0.09mA | 0.098mA
A2 | 0.088pA | 0.088pA | 0.087mA | 0.091mA | 0.093mA | 0.09mA | 0.099mA | 0.102mA
A3 | 0.085pA | 0.087mA | 0.086mA | 0.088mA | 0.09mA | 0.091mA | 0.094mA | 0.095mA
A4 | 0.084pA | 0.086mA | 0.085mA | 0.088mA | 0.089mA | 0.092pA | 0.092mA | 0.094mA
A5 | 0.086mA | 0.088pA | 0.086mA | 0.087mA | 0.089mA | 0.092pA | 0.09mA | 0.097mA
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Fig. 4-14 Leakage current trend graph of the product A85C, 40% R.H.)
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Table 4-11 Leakage

current measurement of the product B(85C, 40% R.H.)

»d | 2717 | 24 H 48 H 96 H 168H 336H 672H | 1000H
B1 0.187mA | 0.188pA | 0.190mA | 0.195mA | 0.205mA | 0.255mA | 0.294mA | 0.308mA
B2 0.184pA | 0.185pA | 0.188mA | 0.193mA | 0.201mA | 0.275mA | 0.302mA | 0.312pA
B3 | 0.178pA | 0177mA | 0.182pA | 0.188mA | 0.198mA | 0.235mA | 0.265mA | 0.295mA
B4 0.185pA | 0.184pA | 0.188mA | 0.192mA | 0.202pA | 0.221mA | 0.285mA | 0.301mA
B5 0.188pA | 0.188pA | 0.191mA | 0.198mA | 0.210mA | 0.288mA | 0.311mA | 0.315mA
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Fig. 4-15 Leakage current trend graph of the product B(85C, 40% R.H.)
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Table 4-12 Leakage current measurement of the product C(85C, 40% R.H.)

74 | 27|zt | 24 H 48 H 9% H 168H | 336H | 672H | 1000H
Cl | 0.210pA | 0.215mA | 0.218mA | 0.225pA | 0.235pA | 0.255mA | 0.253mA | 0.277mA
C2 | 0.211pA | 0.218pA | 0.221mA | 0.231mA | 0.228pA | 0.242pA | 0.255mA | 0.283mA
C3 | 0.208pA | 0.212mA | 0.215mA | 0.22IpA | 0.23IpA | 0.235mA | 0.238mA | 0.282mA
C4 | 0.202pA | 0.206mA | 0.210mA | 0.235mA | 0.234pA | 0.232mA | 0.245mA | 0.278mA
C5 | 0.217pA | 0.220mA | 0.225mA | 0.241pA | 0.232pA | 0.238mA | 0.252pA | 0.271mA
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Fig. 4-16 Leakage current trend graph of the product C(85C, 40% R.H.)
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Table 4-13 Leakage current measurement of the product A(85C, 60% R.H.)

»d | 2717 | 24 H 48 H 96 H 168H 336H 672H | 1000H
A1l | 0.082pA | 0.083mA | 0.083mA | 0.085mA | 0.089mA | 0.093mA | 0.098mA | 0.107mA
A2 | 0.087mA | 0.088pA | 0.088mA | 0.092mA | 0.096mA | 0.101mA | 0.105mA %
A3 | 0.081pA | 0.082pA | 0.084mA | 0.086mA | 0.091mA | 0.096mA | 0.101mA %
A4 | 0.089mA | 0.088mA | 0.088mA | 0.090mA | 0.093mA | 0.102mA | 0.112mA %
A5 | 0.087pA | 0.088mA | 0.089mA | 0.091mA | 0.095mA | 0.098mA | 0.105mA | 0.113mA
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Fig. 4-17 Leakage current trend graph of the product A85C, 60% R.H.)
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Table 4-14 Leakage current measurement of the product B(85C, 60% R.H.)
rd | x7|% 24 H 48 H 96 H 168H 336H 672H 1000H
B1 0.185mA | 0.185mA | 0.188mA | 0.193mA | 0.205mA | 0.308mA | 0.321mA | 0.338mA
B2 0.188mA | 0.189mA | 0.188mA | 0.195mA | 0.209mA | 0.306mA | 0.333mA | 0.362mA
B3 0.182mA | 0.182mA | 0.183mA | 0.188mA | 0.198mA | 0.297mA | 0.361mA | 0.375mA
B4 0.188mA | 0.188mA | 0.189mA | 0.193mA | 0.205mA | 0.299mA | 0.311mA | 0.331mA
B5 | 0.178mA | 0.179mA | 0.182mA | 0.186mA | 0.195mA | 0.302mA | 0.289mA | 0.329mA
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Fig. 4-18 Leakage current trend graph of the product B(85C, 60% R.H.)
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Table 4-15 Leakage current measurement of the product C(85C, 60% R.H.)

74 | 27|zt | 24 H 48 H 9% H 168H | 336H | 672H | 1000H
Cl | 0.210pA | 0.215mA | 0.219mA | 0.225pA | 0.235pA | 0.251mA | 0.276mA %
C2 | 0.212pA | 0.218mA | 0.22ImA | 0.23ImA | 0.235pA | 0.241mA | 0.281mA %
C3 | 0.205pA | 0.212mA | 0.215mA | 0.24IpA | 0.249pA | 0.255mA | 0.266mA %
C4 | 0.212pA | 0.218mA | 0.221mA | 0.255mA | 0.244pA | 0.261mA | 0.278mA %
C5 | 0.211pA | 0.220mA | 0.225mA | 0.241pA | 0.245pA | 0.255mA | 0.284mA %
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Fig. 4-19 Leakage current trend graph of the product C(85C, 60% R.H.)
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Table 4-16 Leakage current measurement of the product A(85C, 85% R.H.)

2d | 27|13k | 24 H 48 H 9% H 168H | 336H | 672H | 1000H
Al | 0.083pA | 0.081mA | 0.083mA | 0.087mA | 0.092mA | 0.098mA | % -

A2 | 0.085pA | 0.087mA | 0.088mA | 0.092mA | 0.098mA | 0.099mA | % -

A3 | 0.080pA | 0.081mA | 0.083mA | 0.089mA | 0.095mA | 0.09%mA | 2% -

A4 | 0.088pA | 0.089mA | 0.090mA | 0.092mA | 0.097mA | 0102mA | 2% -

A5 | 0.086mA | 0.088pA | 0.091mA | 0.093mA | 0.09mA | 0.101mA 1y -
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Fig. 4-20 Leakage current trend graph of the product A85C, 85% R.H.)

Collection @ chosun



Table 4-17 Leakage current measurement of the product B(85C, 85% R.H.)

74 | 27|zt | 24 H 48 H 9% H 168H | 336H | 672H | 1000H
Bl | 0.184mA | 0.185mA | 0.189mA | 0.195mA | 0.235pA | 0.318mA | 0.331mA | 0.378mA
B2 | 0.187pA | 0.189pA | 0.190wA | 0.197pA | 0.239pA | 0.309mA | 0.353mA | 0.382mA
B3 | 0.181pA | 0.183mA | 0.185mA | 0.191mA | 0.227mA | 0.317mA | 0.334mA | 0.355mA
B4 | 0.187pA | 0.189pA | 0.189mA | 0.195mA | 0.235mA | 0.321mA | 0.352mA | 0.412mA
B5 | 0.180mA | 0.181mA | 0.182mA | 0.186mA | 0.225pA | 0.313mA | 0.335mA | 0.356mA
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Fig. 4-21 Leakage current trend graph of the product B(85C, 85% R.H.)
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Table 4-18 Leakage current measurement of the product C(85C, 85% R.H.)

74 | =73k | 24 H 48 H 9% H 168H | 336H | 672H | 1000H
Cl | 0212nA | 0217mA | 0.228pA | 0.235pA | 0.258pA | 0.281mA | 317 -
C2 | 0210mA | 0.215mA | 0.223pA | 0.236mA | 0.251pA | 0.285mA | L% -
C3 | 0208mA | 0.216mA | 0.221pA | 0.242pA | 0.262wA | 0.273mA | 7 -
C4 | 0210mA | 0.211pA | 0.223pA | 0.255mA | 0.264mA | 0.281pA | L7 -
C5 | 0211mA | 0.216mA | 0.233pA | 0.241pA | 0.265mA | 0.281pA | L7 -

200
#— MODEL C1
@ MODEL C2
MODEL C3
—@— MODEL C4
150 4 MODEL C%
< o
= el —
B /""_.:l
E 100 { o&
o
]
=
E
=
W
_— %
50 - “,
01— ; , : , ,
0 200 400 600 800 1000

lme(h)

Fig. 4-22 Leakage current trend graph of the product C(85C, 85% R.H.)
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Fig. 4-23 High-temperature high-humidity test results of product A
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Fig. 4-24 Fire trail of product A
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(@)Circuit of product A  (b)Circuit of product B (c)Circuit of product C

Fig. 4-25 Compare circuit patterns by product
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(a)85°C, 40% R.H. (b)85C, 60% R.H. (©)85C, 85% R.H.

Fig. 4-26 Comparative capacitor according to the environmental conditions
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Fig. 4-27 High-temperature high-humidity test result(product C)
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Fig. 4-28 Thermal design of products
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Fig. 4-29 Checking protective device operation(product A)
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Fig. 4-30 Checking protective device operation(product C)
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(a)Varistor(hih—{emperature test) (b)Varistor(hi temperature & high humidity)

Fig. 4-31 Comparative varistor resistance value corresponding to the

environmental conditions(product C)
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Fig. 4-32 Check the fuse operation(product C)
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Fig. 4-33 Inspection after high temperature test
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Table 4-19 Over voltage test result after high-temperature test
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Fig. 4-35 Inspection after high temperature test
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Fig. 4-36 Representation test result(product B)
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Table 5-1 Production of PCB pattern

TE Fad osp
0.15 mm 0.15 mm
WY 34 0.3 mm 0.3 mm
0.5 mm 0.5 mm

(a)Free Solder 0.15mm (b)Free Solder 0.3mm

(DHOSP 0.15mm (€)OSP 0.3mm ()OSP 0.5mm

Fig. 5-1 The PCB production pictures

AZE PCBE % 523 o] AF AHAsl 2% 9 $57} PCBY ddA9
2 Azpols A ot FFS v =2 APt AP AIEEH AlEe=
el 2z 570 AAsFHon, AF2AL 60T, 90% RH.9F 85C, 90% R.H.

o] F A neas 2@ 1L 12009 ZAdA 1,00047F DC 50 VE 217}
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stef mezd delAel PCB e dAnae BT AW 2AHNAL
IEC 60319 A4 FH3H= 24h, 48h, 96h, 168h, 336h, 672h, 1,000h FA2 =
=433,
Table 5-2 PCB environment reproduction test
AAEgE A= NeT | FA 35
AP : 1,0004 2
LA (1) A
) Q2% : 120C 5EA )
29 (2) AAA
3)AY : DC 50V
AP : 1,0004 2
] QRE/EE : 60T/ 0% RH
e (@A : DC 50V () FekA
i S5EA | (AR5
A | (g @713t 1,000/ 2 @ AAAY
Qe=/%% : 85C/ 85% RH.
3)AY : DC 50V
@R Agxde) PCB AAFFE 18 529 o] AW R A e 3
2713 9o dAst A0 AAE TFS 5 WA AT

JwgrEre
-

R
& B

//

(@)Internal test pictures
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(b)External test pictures

Fig. 52 PCB environment test
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ARG HIE =H3 232 JYg=Z2 yehd Aot ddAA e W=
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Fig. 5-3 Insulation resistance variation graphs of free solder PCB(1207C)
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(c) Free solder PCB(0.5mm)
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Fig. 5-3 (Continued from the previous page)




Table 5-3 Free solder PCB insulation resistance(120C)

7+4 »d =712 24H 48H 96H 168H 336H 672H 1000H

#1 | 49+%10° | 2.8+10°% | 39+10° | 29+10° | 34#10° | 1.9+10° | 1.1#10° | 0.7#10°

#2 | 12+%10° | 2.1%10% | 1.8+10° | 32#10° | 15#10° | 2.2+10° | 15#10° | 1.1#10°
0.15

#3 | 1.8+10° | 3.3+10° | 12+10° | 1.8+10° | 1.1%10° | 2.8+10° | 0.8+10° | 1.8+10°
mm

#4 | 52+10° | 3.8+10° | 52+10° | 22#10° | 25#10° | 3.2+10° | 0.4*10° | 0.6%10°

#5 | 22+10° | 2.3+10°% | 1.8+10° | 12#10° | 2.1%10° | 25+10° | 1.1#10° | 0.710°

#6 | 89+10° | 82+10° | 39+10° | 29+10° | 34#10° | 1.9+10° | 1.1x10° | 0.710°

#7 | 7.2+10° | 71x10° | 7.8+10° | 7.1%10° | 65+10° | 5.3%10° | 45%10° | 3.2x10°
0.3

#8 | 6.8+10° | 63%10° | 82+10° | 86+10° | 5.1%10° | 65%10° | 4.8+10° | 2.5+10°
mm

#9 | 55¢10° | 7.8%10° | 72+10° | 55+10° | 68«10° | 6.2+10° | 5.2x10° | 3.4+10°

#10 | 7.3+10° | 83+10° | 7.8«10° | 6.1%10° | 83x10° | 7.4+10° | 55x10° | 2.7+10°

#11 | 29+107 | 3.9+107 | 35%107 | 39+107 | 25%107 | 1.9+107 | 05%107 | 0.2+10

#12 | 25¢107 | 4.4%107 | 26¢107 | 1.8%107 | 34%107 | 2.9¥107 | 0.6+107 | 0.3+107
0.5

#13 | 28¢107 | 2.0¢107 | 21107 | 2.3%107 | 1.2¢107 | 1.1#107 | 1.1#10"7 | 05107
mm

#14 | 31#107 | 25¢107 | 2.9+107 | 1.9+107 | 1.9+107 | 1.5¢107 | 1.2¢10"7 | 0.8+107

#15 | 35%107 | 1.8+107 | 35%107 | 25+107 | 29%107 | 1.4+107 | 0.3%107 | 0510
a9 54+ 1,0000 7 2243 & A= 79 dide 144E PCB 78S

Uehd Zo =z sHo] g WA A4t A=HIJY & ek v =4
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(a@)Free solder 0.15mm

(b)Free solder 0.3mm (c)Free solder 0.5mm

Fig. 5-4 High temperature test results of free solder PCB(120C)
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Fig. 5-5 Insulation resistance variation graphs of OSP PCB(120C)
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Fig. 5-5 (Continued from the previous page)
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BubA] skt 19 562 1,000A1%F 2Add § #FI OsP wEe] AR

o] #ZH AUt
Table 5-4 OSP PCB insulation resistance(120C)

3 | =24 | 27F 24H 48H 96H 168H 336H 672H 1000H
#1| 28+10° | 25+10° | 21510° | 19+10° | 21%10° | 22+10° | 15+10° | 05+10°
# | 31x10° | 32#10° | 28+10° | 26+10° | 21%10° | 22+10° | 1.8+10° | 0.9+10°
010 #3 | 23+10° | 31%10° | 25+10° | 28+10° | 31%10° | 2.8+10° | 05+10° | 1.1x10°
- #4 | 33+10° | 37#10° | 31%10° | 25+10° | 1.9+10° | 22+10° | 09+10° | 05+10°
#| 28+10° | 25+10° | 19+10° | 18+10° | 1.1%10° | 15+10° | 1.1%10° | 0.7+10°
#6 | 42+10° | 43%10° | 39+10° | 41%10° | 44%10° | 39+10° | 3.110° | 1.7x10°
#7 | 55+10° | 51#10° | 53+10° | 51x10° | 45+10° | 4.3+10° | 42#10° | 3.2x10°
03 48 | 48+10° | 48#10° | 42+10° | 46+10° | 41%10° | 35+10° | 3.8+10° | 35+10°
- 49 | 65+10° | 6.1%10° | 52+10° | 55+10° | 58+10° | 42+10° | 43%10° | 31x10°
#10 | 52+10° | 53%10° | 58+10° | 61+10° | 4.3%10° | 54+10° | 48#10° | 21x10°
#11 | 72+10° | 62510° | 7.1%10° | 72+10° | 71+10° | 62+10° | 6.1x10° | 6.2+10°
#12 | 91+10° | 81x10° | 82+10° | 75+10° | 71+10° | 6.1+10° | 6.110° | 51x10°
::jn #13 | 83+10° | 7.3+10° | 7.3+10° | 7.1+10° | 69+10° | 53+10° | 51+10° | 6.3+10°
414 | 85+10° | 88+10° | 75+10° | 7.8+10° | 7.1+10° | 68+10° | 51+10° | 58+10°
415 | 82+10° | 7.3+10° | 7.3+10° | 75+10° | 63+10° | 69+10° | 55+10° | 4.3+10°

(@)OSP 0.15mm (b)OSP 0.3mm ()OSP 0.5mm

Fig. 5-6 High temperature test result of OSP PCB(1207C)
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Fig. 5-7 Insulation resistance variation graphs of free solder PCB(60C, 90% R.H.)
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Time(h)

(c) Free solder PCB(0.5mm)

Fig. 5-7 (Continued from the previous page)
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Table 5-5 Free solder PCB insulation resistance(60C, 90% R.H.)

4 | 29 | 2VF 24H 48H 96H 168H 336H 672H 1000H
#1 | 25+10° | 1.1%10° | 08+10° | 95+10° | 55+10° | 95+10" | 95%10° | 55+10°
#2 | 33+10° | 12#10° | 11%10° | 86+10° | 36+10° | 58+10" | 58#10° | 25+10°
ii #3 | 35+10° | 1.8%10° | 05+10° | 7.8+10° | 2.8+10° | 64x10" | 2w -
# 21510° | 1.8%10° | 06+10° | 85+10° | 15+10° | 6.8+10" | 2w -
# | 25¢10° | 11+10° | 07x10° | 7.8+10° | 28«10° | 2.7+10* | 2=y -
#6 | 52+10° | 23%10° | 21%10° | 05+10° | 95+10° | 55+10° | 25%10° | 25+10°
#7 | 45+10° | 31#10° | 15+10° | 08+10° | 88+10° | 56+10° | 36+10" | 56+10°
Iii #8 | 55+10° | 27+10° | 18+10° | 16+10° | 7.8+10° | 6.8+10° | 5.4+10° | Xl
49 | 48+10° | 1.1%10° | 08+10° | 89%10° | 75+10° | 55+10° | 65+10° | i)
#10 | 62+10° | 23+10° | 25+10° | 15+10° | 92x10° | 88+10° | 1.1x10° | 5.8+1(°
#11 | 55+107 | 82+10° | 33+10° | 18+10° | 08+10° | 9.8+10° | 25+#10° | 54*10*
#12 | 115107 | 51%10° | 12+10° | 08+10° | 02+10° | 66+10° | 1.6%10° | 3.2+10*
Iii #13 | 15+107 | 93+10° | 34+10° | 1.3+10° | 05+10° | 7.8+10° | 3.7+10° | 2w
#14 | 12«107 | 38+10° | 18+10° | 09+10° | 02%10° | 95+10° | 15%10° | 7.8+10"
#15 | 98+10° | 83+10° | 23+10° | 15+10° | 1.1x10° | 88+10° | 54x10° | 1.8+10*

(a@)Free solder 0.15mm (b)Free solder 0.3mm (9)Free solder 0.5mm

Fg 58 High tenperature and high hunidity test result of free solder pattern RCKBE0C, 0% RH)
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Fig. 59 High temperature and high humidity test result of free solder PCB(60C, 9% RH.)
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Fig. 5-10 Free solder PCB composition analysis
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Fig. 5-13 Insulation resistance variation graphs of OSP PCB(60C, 90% R.H.)
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(c) OSP PCB(0.5mm)

Fig. 5-13 (Continued from the previous page)
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Table 5-6 OSP PCB insulation resistance(60C, 90% R.H.)

3 | =24 | 2VF 24H 48H 96H 168H 336H 672H 1000H
# | 75+10° | 31%10° | 58+10° | 15+10° | 85+10° | 55+10° | 2w -
#2 | 31+10° | 22#10° | 31%10° | 06+10° | 96+10° | 1.8%10° | 3.7+10° | A<l
010 #3 | 32+10° | 28#10° | 25+10° | 18+10° | 58+10° | 14x10° | 29+10° | A<l
mm
# | 25+10° | 1.8#10° | 21#10° | 05+10° | 65+10° | 2.8%10° | 7.8%10° | A<yl
#| 28¢10° | 21+10° | 17x10° | 98+10° | 28«10° | 1.7+10* | =y -
#6 | 32+10° | 25#10° | 31#10° | 25+10° | 85+10° | 15+10° | 2510 | 4.2+10°
#7 | 55+10° | 21#10° | 35+10° | 38+10° | 1.8+10° | 36+10° | 1.6+10" | 35+10°
09 #8 | 15+10° | 21#10° | 38+10° | 26+10° | 98+10" | 48+10" | 1.6+10° | 2.1%10°
mm
#9 | 28¢10° | 21+10° | 22«10° | 19+10° | 85+10° | 25+10° | 38x10° | il
#0 | 52+10° | 53%10° | 35+10° | 45+10° | 16+10° | 0.8+10° | 2.1x10° | <]
#11 | 65+10° | 51x10° | 33+10° | 31x10° | 08+10° | 68+10° | 36+10" | 88+10*
#12 | 82+10° | 63%10° | 42+10° | 38+10° | 01%10° | 46+10° | 26+10° | v
0o #13 | 85+10° | 7.3%10° | 54#10° | 13+10° | 26+10° | 88+10° | 4.1x10° | 2.8+10*
mm
#14 | 42+10° | 48+10° | 38+10° | 29+10° | 1.3%10° | 95+10° | 15%10° | 5.4=10*
#15 | 88+10° | 5.3+10° | 43+10° | 45+10° | 1.1x10° | 7.1%10° | 34x10° | 0.2+10°
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(@)OSP 0.15mm (b)OSP 0.3mm (©)OSP 0.5mm
Fig. 5-14 OSP PCB high-temperature and high-humidity test results
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Fig. 5-15 High temperature and high humidity test result of OSP PCB(60C, 90% RH.)
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Fig. 5-16 OSP PCB composition analysis
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5-17 OSP PCB electrochemical migration component analysis
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Fig. 5-19 Insulation resistance variation graph of free solder PCB(85C, 85% R.H.)
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(c) Free solder PCB(0.5mm)
Fig. 5-19 (Continued from the previous page)
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A23F 60T, 90% RH XA Z2 E&o|AAT 85C, 85% RH=
< 9% PCB= =3t ©=to g Qs szt Fdoldnh. A
21F FAHAAE Bt O AIHFESY 2571 £ AH) S NA

o] A7t o A7g AR SRIFAT.

Table 5-7 Free solder PCB insulation resistance(85C, 85% R.H.)

14 | 249 | 27|13 | 24H | 48H | 96H | 168H | 336H | 672H | 1000H
#| 35+10° | 2.1%10° | 0.1%10° | 4.1%10° | 3.2+10° | <) - -
#2 | 43+10° | 42+10° | 0.8+10° | 3.6%10° | 4.1%10° | <) - -
i’l: #3 | 1.9x10° | 2.1%10° | 0.2%10° | 63107 | 3.2%10° | &y - -
# | 31x10° | 32+%10° | 0.6+10° | 55+10° | 1.3+10° | 3.8+10° | 2] -
# | 34%10° | 2.1%10° | 0.7+10° | 3.8«10° | 15+10° | 1.7+10° | 2] -
# | 41%10° | 1.3%10° | 4.1%10° | 15+10° | 35+10° | 1.3+10° | 2] -
#7 | 5.2+10° | 6.4+10° | 35+10° | 1.8+10° | 2.8+10° | 2.6+10° | 2] -
i’i 48 | 6.3%10° | 3.2¢10° | 2.2¢10° | 0.6%10° | 4.2%10° | 1.8+10" | 5.4x10° | 2z}
#9 | 37+10° | 2.3+10° | 1.8+10° | 1.9%10° | 85+10° | <) - -
#0 | 31%10° | 1.4%10° | 35+10° | 2.1%10° | 4.3%10° | 2.3+10° | <) -
#11 | 7.1%107 | 7.2%10° | 1.3+10° | 4.8+10° | 3.8%10° | 3.8+10° | A< -
#12 | 83x10° | 7.1%10% | 1.4x10° | 2.8%10° | 2.3%10° | 3.6+10" | 1.6%10° | 2}y
i’i #13 | 75%107 | 6.3+10° | 1.3%10° | 3.3%10° | 84%10° | 3.8+10° | 3.7x10° | 2.8+10°
#14 | 62107 | 7.8%10° | 05+10° | 3.9+10° | 2.2%10° | 2.4%10° | 1.5+10° | 2.8+10°
#15 | 64107 | 6.3%10° | 1.3+10° | 2.5+10° | 5.1x10° | 58+10° | <) -
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(a@)Free solder 0.15mm (b)Free solder 0.3mm (9)Free solder 0.5mm

Fig. 5-20 High temperature and high humidity test result of free solder
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Fig. 5-21 Insulation resistance variation graphs of OSP PCB(85C, 85% R.H.)
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Table 5-8 OSP PCB insulation resistance(85C, 85% R.H)

A | md | 273 | 24H 48H 96H | 168H | 336H | 672H | 1000H
#| 45+10° | 25%10° | 0.2+10° | 8.1x10° | 3.2+10° | <) - -
#2 | 5.3%10° | 32+10° | 05+10° | 0.6+10° | ] - - -
i’l: #3 ] 3.9¢10° | 2.1%10° | 0.6+10° | 3.3%10° | 05+10° | &) - -
# | 2.3+10° | 22+¢10° | 05+10° | 45107 | - - -
# | 1.9+10° | 2.1%10° | 0.8+10° | 3.8+10° | 25+10° | <) - -
# | 5.1x10° | 53+%10° | 2.1%10° | 85+10° | 35+10° | 5.3+10° | 2] -
#7 | 6.2¢10° | 3.9+10° | 1.4%10° | 3.8+10° | 8.8+10° | <) - -
i’i 48| 58¢10° | 52+10° | 1.8+10° | 1.6%10" | 1.2%10° | &y - -
#9 | 32+10° | 43+10° | 1.9+10° | 95+10° | 35+10° | <) - -
#0 | 51%10° | 54x10° | 32#10° | 7.1%10" | 8.3x10° | 85+10° | A<= -
#1 | 61%10" | 6.8+10° | 3.3+10° | 5.8+10° | 1.2%10" | 5.1%10° | <= -
#12 | 81x10° | 51%10° | 32x10° | 6.4x10° | 8.1%10" | 7.2x10° | 1.6%10° | 2}y
i’i #13 | 86%107 | 6.8+10° | 2.1x10° | 25%10° | 9.2+10" | 8.1x10° | 3.7x10° | 2y
#14 | 7.3¢10" | 3.8+10° | 15+10° | 1.7+10° | 0.6+10" | 0.2+10° | <) -
#5 | 68410 | 65+10° | 0.3+10° | 6.1%10° | 0.3%10" | 05+10° | <) -
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(@)OSP 0.15mm (b)OSP 0.3mm ()OSP 0.5mm

Hg, 522 High temperature and high humidity test result of CSP pattern PCB(E5C, 8% RH)
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n = x*(1—CL;2c+2)/(2p)
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n = x2(0.4;2)/(2x0.2) =458 = 5
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Table 5-9 Test methods for fire and shock
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Fig. 5-23 Target model for the validation tests
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Table 5-10 High-temperature & high-humidity test

A= Ag=A 2 A Ara}
(1) €&% : (85 + )T
85 = 9% R-H - FAAFIE 035 mA ©EFd A
A2 | (2 52 H
- AR A AAEAY A
5449 | (3 22 :DEF o
& A el
(4) % : 77 9EA - Arfels Aol wlE A
(G) A1zt @ 1,000h
1) €= : (85 = 2T
(85 + 5)% R. H.
LEAF | () T 3 - 33ER B A
WAAH 3) € : D, E (3AAY] 1.9 AL
(@) % . 474 5EA
(G) A1zt @ 1,000h
2, 123F FALE AR
F23F FAAFZAAA 1,000483F 52AE AR AF D A E 5119 2
o]l i ANE EF FAEAXAFY ¥l filen s 9@ dAols A T
o] 71Eo 5 Agsiee S

D)

Table 5-11 High-temperature & high-humidity operation test results(product
AR A4

St peE-t #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9
4% 2 | 0091 | 0.089 | 0.092 | 0.091 | 0.092 | 0.091 | 0092 | 0.093 | 0.089

(mA) | &% % | 0101 | 0.099 | 0.098 | 0102 | 0.103 | 0.102 | 0098 | 0101 | 0.098
N #1 | #2 | #3 | # | #5 | #6 | #7 | #8 | #9
SVEH I ¥ w4 | w2 | w4 | 54 | w4 | w4 | 54| 54 | B
Ajets W] # # w | #5 | # # 48| #
ay |29 % 98| oe | 9e | wie | 9o | 98 | 98 | @e | @e
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Table 5-12 High-temperature & high-humidity operation test results(product E)

A A Ag 47
AR #1 #2 #3 #4 #5 #6 #7 #8 #9
Ad A | 0158 | 0163 | 0171 | 0.165 | 0.167 | 0.159 | 0.168 | 0.165 | 0.162
(mA) Ag & sl Qg g9l 27}
A A - #1 #2 #3 #4 #5 #6 #7 #8 #9
A9 & | 2 | & | 2 | v | 2 | 3 | 2 | 2 | 1
ZAxjols # i
A A 5| gl | 8l 9 s 8l 8| B e S

F
Fo| o] TAste] F&o] AAHJT. FAF JA AF EAFH o] 1%
o= <l © Flo] Erbestla, g3Ee] £4o=m s MAolE

3l
el Belo] ofH AT TF 5259 (a)o} &o] AFe] AR o]de] gli,

Collection @ chosun



1% 5259 (b)$} Zo|PCB 7)o ©eto @ Qlgh whalyl Ak oz n|F
of & o} MAtols Aol 9T TI=E FAHJHY dIAAE Fl AF FY
A AFe d3F A EwErE A F e A@AFeE FALAT

Table 5-13 High-temperature & high-humidity operation test results(product F)

AR A AdAas
e #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9
A¥ A | 0201 | 0211 | 0205 | 0.202 | 0.207 | 0198 | 0.213 | 0.203 | 0.198
(mA) Ad & ksl g Qg 3l Br}
S N N N X 3 I 0 2 -
Tt A F | wA | 1 | 3 | v | 2R | 33 | 3R | 3R | IR
ols # | #2 | #3 | # | #5 | #6 | #7 | #8 | #9
S} A & | F4 | 4 | 4 | F4 | 4 | FE | FH | 4 | 54

Seas BAZDNA 100043 WA LY A3 AE D) A % 5149 2
of 1209 AYL ABAL W 5 AR BT B4 A

— 100 —
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Table 5-14 High-temperature & high-humidity non-operation test results

(product D)
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8752 #1 # # # 45
(128 Agery | A¥ F el =2t el el =2t

AF B A5 & 5159 o] 5/ Als =
Jeze rhgl2Be A3tz Qs 12819 Mt
o] do] v AT

% mabo] WASAT. 14 9
S AYA Esta a7 5268 2
Table 5-15 High-temperature & high-humidity non-operation test results

(product E)
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(a)General Product

(b)Breakdown product

Fig. 5-26 PFictures of high-temperature & high-humidity operation test results(product E)
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