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323
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2
(fallure modd) (degradation pattern)
(accelerated
lifetest) (overstress test)
2.1
(physics of failure)
(religbility physics)
1950
1952~1957 AGREE
1959 IDEP
( GIDEP ) 1962 FARADA 1968 RAC
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Center, RADC) 1961

(
Failure Physics)

().

).

3).
(4).

2.2

(Rome Air Development

1962 ) (Symposium on

(maintainability physics)

FMEA FTA
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2.3

(D).
(2.
3
( )
( )
3.1
X Auger
X
X

(omegatron) (mass
filter)
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) (
)
(
)
( ) (
) (
) (
)
( )
(
)
3.2
(NDT) (visud test, VT)
(eddy current tet, ET) (magnetic particle test, MT) (penetration test,
PT) (radiographic test, RT) (ultrasonic test, UT)
(acoustic emission, AE)
3.2.1
(visud tegt, VT)
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3.2.2

(eddy current test, ET)

3.2.3

(magnetic paticle test, MT)
3.24

(penetrate tet, PT)

PT
3.2.5
(radiograph test, RT) X
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3.2.6

(ultrasonic test, UT) 500 kHz 10 MHz
(Uut)
(crt)
uTt
(SN)
3.3
D). (fracto-graphy) (2). (fracture chemigtry)
(). ( 15 ) (2. (
2,000 ) (3). ( 200,000 )
(LM) (SEM)
(TEM)
(AES)
(ESCA) (SIMS) (1SS)
(EPMA) (XRF)
(XRD) (RBS) (LRS)
(in-gte)
4
(mechanism)
( )
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4.1

m(
x = g(m)
t m=n{t)
x =g(m = f(t) (1)
dg(m) _
o X @)
t
(90 - o(m) =k 3
Jo
|n%: Kkt 4
(M- m = kvt )
f(t) = kt (6)
M m N
g(me) = kL (7)
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(degradation pettern)

1

3 Mmoot
1
1
T \%
R R =kt 0
expl 5 k,Te
R=kit e)(pg 5 kag
R R= k\/{ e)(pg E%tﬂ%
| L é U Ea ) KV
q lg= kgl- e<p§ %OEEI exp§ k,To
g C=Co+ AVt @(pg E, ( T% exp(- B/V)
b
| I, =kt 5
9 ? opff E%ng
v v =Vo+kit epf S 13
b
Vg Vg = Vg¥ - (Vg¥ = VgO) ekt e(pg Ea kb_l_g
Im = Gno & el ~k ~
Om b
1=lo ¢ ap? 5 kag
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4.2

42.1
(reaction rate theory modd)
(Arrhenius)
(Byring)
(
)
4211
(Arrhenius) T
& 2 Ad
k = Co expe- —2-+ = C, expe: —= 8
0 &g K 0 &XPg" 8
In(K) = In(C)- % ©)
A= E_:: Ea kb
(Boltzma) k,=8617" 10°ev/°K T
T°k)=T("c)+273 ¢,
L T
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In(L) =B +$ (10)
B:In[g(m:)] - In(Cy)
L kr Tgr
AL
L k ¢ a 1060
A =R =" —expg Ac=- —= 11
T Tk PR T (1
I A
In(l ) =B- % (12)
I e 1 6u
A "1 expe Ag=- —= (12)
R e 8_ Tr 50
4.2.1.2
(Eyring modd)
To ou_ & E, 0
“o5 soog OF Theo o 9
Kp (Boltzmann congtant) h (Blanck congtant) S
T f(s) S E. Cc d
f(9 =In(9) &, do_
& To
_ bTO e E 0
k=Ccs" 8—6ng <.To (149
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E, 6

k»CyS" ex 14b
> CoS"enng’ (140
L AL
A
In(L) =B- nIn(S)+? (15)
2S06 € a 1060
A= - eXpg Ag=- —= 16
i LT Ta w
n
(S (N) SN
L=C, (- aRH) (17)
T RH Y Ea C: B a n
4.2.1.3
(Al) 14 eV
4.8 eV 0.48~0.84 eV
Al (A) 087eV  1lleV
2
HLP:rfa-fpa 11 2000/11/28

000000 http://www.kekaoxing.com



http://www.kekaoxing.com

2.

Technology, Material or Part Ea Technology, Material or Part Ea
TTL, ASTTL, CML, HTTL, FTTL, DTL, ECL,| 040 |F LTTL, STTL 045
ALSTTL
BiCMOS, LSTTL 050 (11, I°L, ISL 0.60
Digital Gate/Logic Arrays, Programmable| 0.40 |Floating Gate Prorammable Logic Arrays 0.35
Logic Arrays
Digitat MOS, Digita Gate Logic Arrays| 0.35 |Linear (Bipolar & MOS), Linear Gate Logic| 0.65
VHSIC CMOS, Arrays
Bipolar Microprocessors 0.40 |MOS Microprocessor 0.35
MOS ROM, EEPROM, EAPROM, DRAM, 0.60 |Bipolar ROM, PROM, SRAM Memories 0.60
SRAM Memories
GaAs MMIC active device 150 [GaAsDigita active device 140
Control and Detection Structure of Magnetic| 0.80 [Memory Storage Area of Magnetic Bubble| 0.55
Bubble Memories Memories
General Purpose Analog Diode, Switching| 0.27 |Voltage Regulator, Voltage Reference,| 0.17
Diode, Fast Recovery Diode, Power Rectifier] Current Regulator
Diode, Transient Suppressor(Varistor)
Gunn/Bulk Effect Diode, Tunnel and Backl 0.18 [Si IMPATT HF Diodes 045
(inc. Mixers, Detectors), PIN, Schottky Barrier|
(inc. Detectors) and Point Contact, Varactor
and Step Recovery
Bipolar Low Frequency Transistors 0.18 |N-Channel and P-Channel S FET 0.17
Unijunction Transistor 0.21 |Bipolar, Microwave RF Transistor 0.18
Power, Microwave, RF Bipolar Transistors { 0.25 |Power, Microwave, RF Bipolar Transistor { 0.50
Gold Metallization Aluminum Metallization
GaAs Low Noise, Driver and Power FETS 0.39 [High Frequency S FET 017
Thyristors and SCRs 0.27 |Photodetectors, Opto-isolators, Emitters 0.24
Alphanumeric Display 0.24 |Laser Diodeswith Optical Flux Densities 040
Fixed, Film Network Resistors 0.35
MIL-HDBK-217F, Reliability Prediction of Electronic Equipment, 10 July, 1992
4.2.2
(L) (®
(stess-gtrength interference modd, SSI model) 2
[C(”b,sc)] [L(”\_'SL)]
F=Pr(C<L)
¥ ¥
= 0¥fL (l) [O¥ fC(C) dC] d
+¥ +¥
= @¥fc(c) Q f (1) dl] dc
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0 +¥
CAL
2
(safety factor)
(limit test)
(safety margin)
3
i 04 1L S Y
LT 24T
;4
it 9L
&M
R \_\ { st TR )
H / M /
i
I it t
3
4.2.3
(linear damege
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cumulation law) (Miner's law) S N
S'’N=A A
m
f(m =kt (18)
m Kk t
kt
kt a kit
oK (t) dt (cumulative degradation law)
Kty + Koty +-+Kpt, =f(mg) (19)
ki
Li
kily = kol =--=kpLp = f(mg) (20)
(19)(20)
b,  thop (22)
L Lo Ln
D=1
S (i=12,+,n) n; i=m
g' N
a—-=>D (22)
i=o N
N; S
4.2.4
(weakest link model)
(weakest link) (series modd)
(Rs) (Rj)
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ls=al,
i=1
( )
4,25
(bunble modd)
(padld modd) n k (k out of n redundancy
modd)
4.2.6
k
11t)" et
F=P =1- a
r=0 rt
t
| k-1 -1t
f(t) = It
( ) (k _ 1)|( ) €
(gamma digtribution) I k
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