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* item software : http://www.itemsoft.com/
* Relax : http://www.relexsoftware.com/
» Real Calc : http://www.t-cubed.com/
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1. DC-DC Converter
1) DC-DC Converter 3|2 &9
(28 4-1) 4 110Vl 8 16VE 97] 918 DC-DC Converter 2SI, ©f 8=
2 B stress analysissh derating estimation® 8t A S F/HHES gt S2e
flyback- topology® 71222 3to] self operating=le] DC110V oldelA A& 2 Fl
AeAozn AU §7 HE 29g Fu 22H, 4P} isolate® FH= L7
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+ 18 ¢ DC 110V- 400V « &9 At/AR 1 DC 16V/0.3A

« 2% ripple : 50mV  * B2 2% W9 0T ~ 75C - Duty ratio : 45%

1.21M 1/10W  1.21M 1/10W
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22000F 100V 0.01uF 50V 470pF 100V 562 1/10W
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2) Worst Case Stress Analysis

At solE A8} FHIAA] 4L BAE deration BHE F29 guideline 22)A] 2ot
oliZe] S¥T 450X 9] FAL (X 4-D)ollM Fa B tS 4 g A NAVSO P-
3641A(F NAVMAT P4588-1)114 & 2] vieit}, #2432 the web sited]A] 2ol% 4 glo
¥, derating guideline ¥ °l\2} military grade AUAR| oA zZkolo} & 2o 7)%ES 27lslm
ATE &St Gt B7)E nlwin)

P http://www.abm.rda.hq.navy.mil/psdoc.pdf
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Components Derating Parameter Guideline(%)
. Power 50%
All Resistors Voltage 80%
I Ripple Voltage 50%
Capacitors Ripple Current 70%
Voltage 55% ~ 70%
Magnetic Devices Hot spot temperature | E|C Hod FAH2| 30%0]st
Forward current(if) 70%
Diodes Reverse Voltage(Vr) 70%
Surge Current 60%~ 70%
Max Tj(¢) 110T
Power sissipation(Pd) 65%
Breakdown Voltage(VBR) 70%
Transistors SOA Vee 70%
SOA Ic 60%
Maz Tj(C) 110
Obto-slectronics Forward current(If) 65%
P Max Tj(C) 110¢C
- L supply Voltage HMEAL FARC) e
Digital Microcircuits Max T)(C) Tioe
Max Tj(¢) 110C
Voltage(signal) 75%
Linear Micro circuits Output(surge) 80%
Current(continuous) 70%
current{surge) 60%

(% 4-1) Derating Guidelines
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(i 4-2)= (A" 4-1)2) JEEEFH ALLH e 17149 BEENE 188 worst case A

9] stress analysis® -3 3 A3}olt},

[(#4-2)Worst Case Stress Analysis for DC-DC converter

WORST CASE STRESS ANALYSIS

MODEL NO:Flyback 16V OUTPUT

April 23,2002
NUMBER OF TOTAL COMPONENTS 28
NUMBER OF PASSED COMPONENTS 22
NUMBER OF FAILED COMPONENTS 3
NUMBER OF ACCEPTABLE COMPONENTS 3
No | Ref | Description | VQLTAGE e QUURRENT . ‘ },POWER A DERATING
No. Part No. Rated | Applied | Stress Deratmg Rated | Applied | Stress | Derating| Rated §VAppI|ed Stress | Derating |Pass| Fail |Accep)
\ v % % A A % % w ) % % PIF|A
1|R1 R 100k 2w 250 384.0 154 80 o . 2.00 1.47 [73.728 50 5
2[Rz | R121M10W] 150 | 1e1.0] 127 80 g 0.10| 0003| 3.0 50 F
3 Rs R 1.21M 1/10W 150 191.0 127 80 ' ) 0.10 | 0.003 3.0 50 F
4 |R4 | RSOK110W | 150 180, 12 80| - ' 010| 0002 22 s0|p
5|R5 | R150K1/10W | 150 180! 12 80 0.10| 0.002| 22 50| P
6 |R6 | R26.7K110W| 150 30 2 80 “ 7| 01000003 03 50| p
7 |R7 R 8.25K 1/10W 150 5.0 3 80 . T g 0.10 |} 0.0003 0.3 50| P
8 |R8 | R22.11M4W 200 120 &7, 80| , 0.25| 006526063 50| P
9 |R9 | R562 1/10W 150 10, 67 80| - 010| 0.002 [1.7794 50| P
10 {R10 | R 10K 110w 150 16.0 67 80 L ) 010 0.026 256 50 P
11 | R11 | R2K 1/10W 150 1.2 67 80| . 0.10 0.001 0.72 50| P
12 |R12 | R751W 200 12 06 80 - , 1.00] 0192| 192| s0|P
13 |R13 | R40.2K 1/10W 150 16.0 111 80 ’ . = 0.10 0.01 6.4 50| P
SUB TOTAL POWER DISSIPATION(W) ) 1.5
No, Ref|  Description VOLTAGE '  CUURRENT | POWER |DERATING
No. Part No. Rated |Applied | Stress | Derating| Rated | Applied | Stress | Derating |Rated|Applied| Stress ;iDeratmg Pass| Fail |Accep|
A A Y% % A A % % W w % i % P, F | A
14| €1 |c 1uF Ceramic 50 18 360, 70 - ’ : S P e
15| C2 |c 100pF Ceramic 100 16, 16.0 70 P
16 | C3 |C 2200pF Ceramic | 100 5 5.0 70 P
17| C4 ¢ 0.01uF Ceramic 50 51 10.0 70 P
18| C5 |C 470pF Ceramic | 100 FERRETC 7 A B e P
19| C6 |C100uF Ceramic | 35 | 16 457, 70| 0084 4E-04| 047 70 1 P
20| C7 |c 1uF Ceramic 50 16 320 70| 1 e P
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. VOLTAGE CUURRENT POWER Rih |DERATING
No, Ref | Description = - . - ; e - - - o
' No Part No Rated | Applied | Stress | Derating | Rated | Applied | Stress | Derating | Rated Applied | Stress {Derating| J-C|C-A
Vv % | % A A L% | % W W % | % l|cwlcwl PIF A
21 DI Diode Zener, 18V |~ 18.0| 000! |0.000 | 2E-04|1.667| 60 | 0.3 | 0.0027| 09 50| 5|500| P
22 D2 | Diode Zonor, 18V | .— | 18.0] 0.00| .~ |0.009 | 2E-06|0.022; 60 | 0.3 | 4E-05| 0.012 50| 51500 P
| 23 D3 BASZ21LT1 250 | 180 7.20 75 |0.100| 001701700 70| | 0017| | " |s0|800| P
24 D4 |EGL4IC 150 | 16.0 | 10.67 75 [1.000 | 0420|4200 70 | ~7| 0200| 7| | 30|100| P \
SUB TOTAL POWER DISSIPATION(W) 0.22 J
4. TRANSISTOR BLOCK
- T. CUURRENT Rth |DERATING
No Ref | Description VOLTAGE URI POWER RA
) No Part No Rated | Applied | Stress |Derating |Rated | Applied [Stress |Derating |Rated Applied | Stress |Derating [J-C [C—A | Pass |Fail Accep
\ v % % A A % % w w % % lewlcwi P |F 1A
25 | Q1 | MTP4N100E 1000 782| 78 65 | 4.0| 0.020 | 0.50 60 | 23 01 | 043 5010.83 | 100 A
26 | Q2 | IRPFR420 500 400| 80 65 | 2.5/ 0.040 | 1.60 60 | 50 0.1 | 020 50| 2.5 | 100 A
27 | U1 | UC3843AD 30 18 60 75| 1.0} 0012 | 1.16 70 | 0731 021 | 2879 35 65| P
SUB TOTAL PEAK POWER DISSIPATION(W) 0.41
A BLO
L T cuU NT ise|DE
No, Ref | Description VOLTAGE URRE ~ POWER Temp Rise DERATING
. No Part No | Fiated Applied| Stress | Derating | Rated | Applied| Stress |Derating | Rated | Applied Stress |Derating| Temp | Limit Pass! Fail f\f:gfg
) v v % | % A A | % | % W w % | % |clc|Pp Fla
28| T1 | Bias Transformer| " aso| | | 10| oi0] 100 | 10| 040| 100| - “|'30| 50| p| |
SUB TOTAL AVERAGE POWER DISSIPATION(W) [ 0.30] |
[  WORSTCASE EFFICIENCY [ 75.67] ]

Gz A oln] 71&38 upelzto] Zzte]l REFHE At om, o] 59| appication software
dA 2THE WEES TFFEE I

Deraing estimationdlA e A4 2879 F&EFA 2270& Pass, 370= Fail, INe
Acceptable® H@)ste] 7| ZHQIt}. Failz Aeld FFE2 ARES A¢ AAo] HEFnE t}S
3 e e /e Brksteay 2t 59 R69l 1.21M ohme A2 A28 G4
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Voltage Stress7} 100% 94 50% 2 $o] PassslAl At}

wgk 2o g2 Fail A28 Rlo) W /42328 #rlsted, o

AEQ] 57t Aol
100k ohme] Hejo} st 47he) Aere 2B g pAske] 571 Ago] 100K ohme] S| stH
voltage A2 0] 500VE =3 power o] 4W= ] Voltage Stress7t 154% X 77%% i
Power Stress7} 73.7%914 36.9% 2% = o Passsl=& A2lst3itt.

3) MM @I}

A2 9] dolEE ueeg o] A4 Bt 5 A A5 HAste] ATl vehsie

Azke] REER 275 Sl Sl
A5kA] gon AAE B2E error/} TASHA

sl hee 1EAe WeRe sesdd,

j}o]“_‘_ o]g 2= o]o

7o)t} application softwarel

DIODES
QUALITY PLASTIC | JAN
JUNCTION TEMP CALC MODE MODE 1 Full Mode
POWER DISSIPATION PER STRESS ANALYSIS
VOLTAGE STRESS PER SCHEMATIC
CONNECTION TYPE RESO - REFLOW SOLDER
NO. OF JUNCTION 1
NO. OF PINS 2
ADJUSTMENT FACTOR 1
Theta CASE-AMBIENT PER TESTING
Theta JUNCTION-CASE DaATA BOOK
CONSTRUCTION METALLURGICALLY BONDED
RESISTORS
QUALITY COMMERCIAL M CLASS
RM-FIXED FILM CHIP ER
STYLE RD-FIXED FILM POWER
CONNECTION TYPE RESO-REFLOW SOLDER
POWER STRESS PER STRESS ANALYSIS
POWER DISSIPATION PER STRESS ANALYSIS
ADJUSTMENT FACTOR 1
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CAPACITORS
QUALITY COMMERCIAL ] M CLASS
CDR - CERAMIC CHIP ER
STYLE CUR - ALUMINUM OXIDE ER
CONNECTION TYPE RESO - REFLOW SOLDER
VOLTAGE STRESS PER STRESS ANALYSIS
CAPACITANCE PER SCHEMATIC
CIRCUIT RESISTANCE 0
ADJUSTMENT FACTOR 1
MAGNETICS : TRANSFORMER

QUALITY LOW QUALITY | MIL SPEC
TEMP RISE PER TESTING
POWER LOSS PER STRESS ANALYSIS
ADJUSTMENT FACTOR 1
TRANSFORMER TYPE FLYBACK
NO. OF PINS 6

TRANSISTOR MOSFETS
QUALITY PLASTIC | JAN
JUNCTION TEMP CALC MODE MODE 1 Full Mode

POWER DISSIPATION

PER STRESS ANALYSIS

VOLTAGE STRESS

PER SCHEMATIC

CONNECTION TYPE HAWO - HAND SOLDER WITHOU WRAP
POWER RATINGS PER DATA BOOK

NO. OF PINS 3

ADJUSTMENT FACTOR 1

Theta CASE-AMBIENT PER TESTING

Theta JUNCTION-CASE DaATA BOOK

AT H7AY




MICRO IC
QUALITY COMMERCIAL l JAN
JUNCTION TEMP CALC MODE MODE 1 Full Mode
POWER DISSIPATION PER STRESS ANALYSIS
CONNECTION TYPE RESO - REFLOW SOLDER
NO. OF ACTIVE PINS 10
ADJUSTMENT FACTOR 1
NO. OF TRANSISTOR 50
PACKAGE TYPE NON-HERMATIC SMT
Theta CASE-AMBIENT PER TESTING
Theta JUNCTION-CASE DaATA BOOK
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2k () 0 10 20 30 40 50 50 70
MTBF of C-Grade Unit (hours) | 5.70M | 4.61M | 3.63M | 2.77M | 2.04M | 1.47M | 1.03M | 0.71M
FAILURE RATE 0.176 | 0217 | 0.276 | 0.362 | 0.489 | 0.681 | 0973 | 1.42

(£ 4-3) commercial £52 ALSSH 22 20| 2 B T& AjZie] pig)
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C-Grade MTBF on GB
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gz GB | GF | GM| MF | ML | CL | SF | AIC | AlF |JARW AUC|AUF| NS | NU

MTBF (Million hours) | 135 | 2.6211.17]0.780.32 | 0.02| 26.1 | 1.29| 0.80 | 0.44 | 0.76 | 0.48 | 1.82 | 0.69

FAILURE RATE 10.07/0.38|0.85|1.27|30.8|48.3|0.04|0.78|1.26|2.27|1.32|20.9| 056 1.44
FES

(& 4-4) Military 529

olglel 2w (18 4-2)8 99 JA2E (2¥ 4-D% A9 22 TH4% e JREA,
=709 32E vus EE (28 4-2)dME 3 /e MOSFET, & 719] Zener Diode ¢ 2719
Aol ZAEAx thale] & sHel Tol Q7L F7IEAT. o] Aejelx @ A Ht e
(& 4-5)3 2}

=k (C) 0 10 20 30 40 50 60 70
MTBF of C-Grade Unit (hours) | 5.64M | 4.64M | 3.68M | 2.81M | 20.7M | 1.48M | 1.03M | 0.70M
FAILURE RATE 0.177 | 0.216 | 0.272 | 0.356 | 0.482 | 0.675 | 0.97 1.42

(Z 4-5) commercial FE2 AI23 2% 20| IIE @ 0& Aj2tQ] HHat
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2200pF 100V 0.01uF 50V

(22! 4-2) DC-DD converter 3|2 0f

470pF 100V 562 1/10W
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M-GRADE MTBF ON ENVIRONMENTS
@ 25
3 20
s 15
@10
l—.
= 5 !
O GB GF GM MF ML CL SF AIC AF ARW ALC AUF
ENVIRONMENTS
+IN
200K 3W
Wy
KJZ D1 R1
N D2 j
1
[ JUFsOV vec
K
150K1/1(;\|N e 03 ; 402K 1/10W | +16v
150K 9 5
50K 1/10W, R4 | R13
oo 12 22.1 1/4W Q2 | H
N R5 10 ~/\/\/\/—~—~“1 - 6 -
| o z
I R8
100pF 100V 100 UF 35V
cz 2 5 10K 1/10W 'L— c7
7 14 9 8 /\/\/\/_4
A9 Ri1 1uF 50V RIN
8.25K 1/10W
26.7€ 1/10W cs | § §R10 R12 < 75w
R7 T §
R6  C3 ]— T c4 10K 1/10W
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C-Grade Comparison on GB

. 6
[723
5 b
2
= 4
% 3
T 2
o
= 1
=

0

o
n

g2 4-2

-3 (F 4-5)F vlna B9 oA AAIG F QY HZ G4 Hel| AAE 27T BE
T EUAR R19| power stress7t S7FatA3, D19 stress 7} F7lete] 2318 MTBF7F

49¢ BUA ARl AUA e HER Hol dou A4 B8 Adse AL AN

£ 9418 Fot9A B 71EY AR A dig A HorE S8 95t A 1A 2
2R AEFAAY M7 Hrkshe @A worst case stress analysis$t thermal analysisE

ste Wl diste] 71estst). o] @AY= 33 Application Softwared] 2£3817] €3+ tlo]

e}

=

8 w9 @A7|E stttk ST oA & FYste Fdol A ALFAE ARAA A

il

flolx & Grts) & 71318 2 HEZ A4 el 3A =5o] drh. 2 el e dlolH

AT o4&



S Y
)
G R T 4
Y=L o = 5 i
= ) s ; B B %
s 9 | oo =S WE 5 RO GRS - TR
= 3 2R X oW = T = T o i A ol
(= [C2 QA M oF o S He = o = X il
o} K" g B o T oo 3 de g
o o up RS op & 0 oo A RCHCS do X
- N T oy o ° - . )
S S o Mo Eome o [ w B %o MMJ_ T o o E
N~ ooa 80N o o= up = g R o AF MW T T
O 5T oF o F 9 > Mo A X OO g T oz 2 R
0 MTH_ b 1M o of HVF ol A1 mﬂv 5= U m g =T o
mo_/géﬂﬁ )5 g ok ol S o mE M
do = 2 OIS gs o zn 0 zo o o = o = = 9
dow L MR v = s o = BT - B ™3
< ﬂ GaA ‘U.l [\ \MH‘MN_ joN -y Oﬂ ;HOO o o] ﬂN.O Cﬂo —
S m - B oo oy 2 o I RO BT
' i b 3 o o pi P
I 5T 2 o 3 A = zoaw b S oo X7 ol
[ S o o . ojns w P w . il = 5 o = ~ O =
S 5 P = T o= o N o £ 5 R T 9 O T
m%%ﬂ%l@%%% 5 =& ﬂ&roﬂ._a%dr@%&
S L ke ®° Hin mow_ W AR S £ T B w__m o mmm do o g T o
L et et — file) L
w.@@ﬂa_‘ﬂ.ﬂ%mhf & o k_,c@#%mmm@aml
R - e = © X g o= g N
—_ ™ < A R < — w9 i) S = o=
= . < R oo = = F 5 M — B @ Wow 2o o=
= Y L T o4 w = Wy ® R 5 W o & X
= oo oA m X £ 8 qubﬂwﬂﬁmw%
et w_r_. Y N o= A oy oo T SR X0 o N E o w 8 < I+
I o ﬁé . 5 < 1m OE an Lm OE ™ ~ EwE © ‘:L jpond - B
~ W= oy < o Tk 0° S o PR T o T g =
ok ™~ = o i . ' al %) = R m Jh o#m —_ e =
<0 ° o = = g W ow = Ik & x = " = X o Lo N
0 ] =S o g W = S R N W
- 5 o i) T do i 3 ol T o= gy N B
e o o] { @ ‘mﬂ m A o] o OM \WE
ol o & ok ooy ¢ % 5K o S g o M o B Ay
Y < F ~ i s} S W < X [T [~ X — ny N = z
— ,mmu 1ep) o \mml e et D o) o o ]M - k! \m.n»
70 E T s & g o N : = g . m " = K ™LOT N =
z S=ECY il : 5 M : ™ S w BT R Mo o =
X0 s © o v 9% T B gy 9 2 — N e R
i} ¢ L Bz oo W < 8 e T e o O
2 mﬂ#ﬁmo%%g%@ < g  ° T M 45 o= 2
ST S W ) == 9 ~ o 2 9 = =< £ & Ly o == = T < = e o
ol i 20 ™ o <o © 1) E 5] o <R N ) oR m . i
® 5 o g u._faogbz £ = gl O N
0 Lo = E B T g AR < oy NN = 7 = WO T o T
ol w.ﬂ%emlﬂ@_%w,y o 2 & H,m%ﬂm_@@%ao%
&l < B = N3 5 WS R 2 =B T = ol ~ oo
o ™ o % W T =W o _o/u = = S, W uw ) i Jo oo -
< W o A A GG © w 2 do o M
i © LN 00 o = T Ay
" T op wn S oo Np Yo
S gm o M gjo
o ok

17

o]z Aolt}

1
]



N
e
e

Azl Hzly @I 84 JIE(I) )

AN F77R7F 282 a5 A9%A

e
__}é
i
bl
i
oz
o
SR
2
2
<
Mo
L
Avh
9,
<
ek
4 ;
gQ
% 4)4,

He
i
N,
o
S
P
i
i)
el
Rl
uy
mlo
=)

ppA 7k gk, FARE 2ol
7 YA AAe L olFElFAL SASE AR BItE FH R ohks EECA A2

EgoldE 5712 vkt wheolt O

A E35 (B X ¥%) Moon Ho, Kye

+ 1982 srTysh MArS S, AL

+ 1993 Fanisty "7 58w, A

» 19821998 SR A7 AT 4, AT

° 1999-2000 Century Electronics, Power Supply Design Engineer

+ 2001-2002 Martek Power Abbott, Power Supply Design Engineer
* 2002~ R} EQAICC-PACIFIC, Auditor and Consultant

+ E—mail mhkye@hanmail.net

18 | BT 7|



