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Dependability Analysis of Fault Detection Function and
Reliability for Control Module of Reactor Protection System
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SUMMARY

I. Title
Dependability Analysis of Fault Detection Function and Reliability for

Control Module of Reactor Protection System

II. Object and Necessity of Project
The Part Count Method of the military standard MIL-HDK-217F has been
used for the reliability prediction of the nuclear field. The Part Count
Method predicts the failure rate of the electronics component according to
the number of component, quality factor, operation environment and other
factors. Normally the components added for the fault detection can be
estimated that the reliability of the unit or system will be improved by the
early fault detection. But it is predicted to have poor reliability in case of
the components added for the fault detection due to the increased number
of components. To compensate this discrepancy, the quantitative reliability
analysis method is suggested using the functional separation model in this

project.

III. Scope and Tasks
o Reliability prediction with the Part Count Method for the digital output
module of the PLC, and proving the discrepancy of the Part Count
Method.
o Suggestion of the quantitative reliability analysis method using the

functional separation model.

IV. Result of Project
o Suggestion of the quantitative reliability analysis method using the

functional separation model.
V. Application Proposal and Future Plan

o This suggested method will be applied for the reliability prediction of the
safety grade PLC having developed in the KNICS project of the MOST.
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Open/Short| &3 4% LED B4 ol 45 |lest
i B .
UlL 12 |48 B IC ¥F AL oy Eé;{j‘;f%ﬁf}r A% |Periodic
?J_t‘} lﬂﬂﬁli EFoz Q3
U13 949 B IC &3 AFF (U11,U12,U10¢] ON/OFF Periodic
Open/Short | & % T 2ol o]ado] A7), Test
D-F/Fol Clearg FX] %3}
, AF7E 2R @1, dge] |WE3= IC
Array  |[AR1-AR4 |99 2% A3 2 o 2 ze
2 |Resistor  |Open A*E EF %i% HIGH”}ﬂ 224 ] A G
=]
= = =)
ARI-AR4 |H% B3 A7 £, ?}iﬁ;} f]fi"}x?elgﬁ ﬂgﬂi‘;m
Short A 25 B2 g—, = e, =arre s og]);i b
. AF7F 22X @5, Agel HEIE IC
AR5-ARIO |4 B A% 2 s 5 =3 A9
Open A A5 Bk f{zlﬂ HIGH7H 2.2 f]; As
5 [e]
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, dolEg 7} FE3ste IC yEs 2 IC
ARS-ARIO ¥ &%, A3 £, Ol Al & o] AF = A = 2o
Short A 2F B ;‘;}Li °1%, AFAA f];} A%
RP1-RP8 |d4 &3 Ag EF LEDo] AF &+o] <t =o} [None, LED
Open AEs ' ol AXA EA ¥ EAl o)
RPI-RPS | ¥ A9 g3, (0o STE R INone, LED
ShOI't X'"Z}% %%}: 70:1;]}5: %‘;‘lo] QU]'&H;Q E’q O]}\OL
. Cl, 2, 4, 5% &%, 7 H o 3 3
Capacitor | Open ARz %" o g AAA XF None
A = %}}\ og—éo o) 77
Cl, 2 4,5 %9 23, 71 IJéQWCLRéXﬁQ] OAQMEIL% None
6 Short |AAF £ 9l Ao RESETo] ¢
NEH wensds At
\/eré‘] 1:1;/}:’ 71”}‘]]:’1 %3}7 o TT 2 T »os Eo:
C3 Open ;ﬂz}%‘—ié%}: ° I%C gl 2 HE3A KA |None
ol Bk
C3 Short ;ﬁﬁAﬁioé%, A FAF A o] A None
& AR B A .
BP1-BP11 |4 B% e %7}3? [ Periodic
# : al 7t F7vete] A
Open 7‘] *\LH}\]E‘] %%}:, Xﬂ Lgo_];:] 7_" EE} © Test
i o] .
BP1-BP1l ¢4 &% #9 f_j ﬂ_)\]-]fg;] E;Eo’ E%ﬂjﬂ Periodic
Short Azs B o= vEoews Test
P =
LED®] Heo] Eo] X go o
. LEDI1 Yoy o« g = alel B = ol Periodic
Diode Open =%, ‘:]‘O].L‘__ 1H£§]i o;ivo:]‘!‘a = Test
BvA T
LEDd] &8+ Hoj
LED1 tolo= B 3l o3t A LED7F a1, Periodic
Short T E yiEslzZ s 8E AR Test
AgstA 23
Relay®) A A3 2NFTEA
D1-D16 At X3HA HaL, Periodic
Open  |B¥ 2% =l QA" o3t AHE  |Test
A KA #
D1-Di16 Relayol] A 23 2354 Periodic
Short AegstA XA ¥ Test
AFELo] Ad&slH K3
IFE FAFE AZRAI|A Periodi
DI7 Open |v® 2%, vlole= ¥ |31 7 2750 Test
RFAg oF F 9% s
FA %
D17 Short [tho]R = &2k BEg AF7F 24 ?erlfdlc
e 2~ °cl:‘::{°ﬂ] gkl ¢
. A eto] BrAE A Ho] 2 Periodic
cot - L1 Open HA S WA, AFe] (Test
A3t AR
. = Periodic
L1 Short Aok A7F7F A7A € Test
L1 ) ) Periodic
Inductor |DOT 4 3ko] £3 Cross Regulation®] <8 T
. est
failure
_ ]R3l 2ol Hdol C
Relay |1 K B3, dedo] ¥3  |o|Folqa wop we  [eriode

wol 27k A5t




A gl A /‘P*‘-’—’\T, iy
Feo) Vo) o
(%% OFF)
o] HA %E’:‘«l HA ol
KI_K32 vim Hagr 2 o B ok %la}%o-] }}\v—‘L—y PLC Periodic
Short aH =T, 2l 29 WEE= OFFAHE &8o]  |Test
N *oEHﬂ H
4.5 Aol #YHA
Poto- ISO1-ISO8 ¢ ¥ & Photocoupler |2} EECPEETE Periodic
Coupler  |{Open % AzF B wolx ¢jdke Wol] uhy Test
et
ISO1-1S08 |'¢ 9 &3, Photocoupler B AF HAste) RELAYl [Periodic
Short EF A5 EF dFE F Test
Aol dHHA &1, -
Connector |JP1 Open |d % &% dole 5 #3 ping gerlgdm
2478 dead 29 es
& pine &S AEA o
JP1 Short |H#¥ &= w53 dolE &2 ¢4 I;erlgdm
ol Alzgte] Mg es
CONI1 LEDe} A& 3+
Open o B %%“5?*] 23t Eo] #HX A None
ol o
CON1 - _
oML ey LED7 §71t o) k% None
o . Relay 9l &8 %7}
utpu Ul 2 AR gro} AAH Periodic
Connector TB1 Open w3 =% QL 17] 7] 7}6 AR EZ8A |Test
[o}
A=)
Relay®] 82137}
U 1 Qg% A FAY FESY  |Periodic
TB1 Short ¢4 & g &
o ° 9u)7e] BRE %L [Test
dgatd 574 0|48 9o

FMEA 323 DORE ¥3dd /Md RLEo ugdL A7 4A wxt #4E F
22 DOREY W3 AAHA AAAH4L #dsy] A= DORES Eooe 2
E JJr Rz LM—E ZEdo AT AAE XT3t ZHE V59 HAV 2

2 S g AR HA o] dHE A
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Reset,/M

# YW BRBEERS ¥ EEEEAEZEDBRBEREE BoMOBR N RS R HEERS 8 BRREEIYBBEEEERERERE

P

EPRI-URDIGIN A 243t ¢+ A= 4792 MIL-HDBK-217 “Reliability
Prediction of Electronic Equipment”®] f7¢] wi&}t ov] AA" PLC Aloj7]7] DO
YEe] AFEE AFHoF HIIe

(1 MIL-HDBK-217F %

MIL-HDBK-217F =52 F59 3% ¢S F
AARZ g 14EF 2¥& AN glon, £3
TEEY AHEE Fobo] Axge AfE ke WS AXE o AFHEE
&8tz W= “Part Stress Analysis” % “Parts Count Analysis” 7]%¢]
[1]. Parts Count Analysis 71H-2 3|24 A1e] z7|gA A&se P2
T, FEATFE R ARRERE A 5L o] 8dtd Al=de uFES dSshs otk
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Part Stress Analysis 7188 3 ZAA Ao ZHE&se= WY
ey

Analysis 7I'"H<& AR&-3H T
MIL-HDBK-217F @ =%52¢] Part Stress Analysis 7|94 At&H1 &= F
e EEE FEY FFd g g2y 3dE Rds dird o e oS53

1,101,

N p= A4 o g Failures/ 10° Hours 3.1
o 7] A

Ap = FF % E (Failure/10° hours)

Ay = 71¥ 31745 (Base Failure Rate)

Tp = B3F 412545 (Quality Factor)

To = %% F27 % (Environment Factor)

np = %% W23 A5 (Environment Factor)

n,, = Other Factor(m,, ny, g, np, 1y, %S WERATH

o

150 98 DORES 1¢E H7}

N

[] Part Stress Analysisel] 93 1371 =
IFHAE 7150 ¢l DOREY dA 35S MIL-HDBK-217F A =E-oA A A
& Part Stress Analysis 7|9l whgl 2243 A 2650E-062 2ZEL YeEAAL
[20,21). “FAIR A A3 ohf E9F 2ok FAE3 a9 Zo] o7t DORE 9]

© =]

A
S
ngEN 7P & 4FE MAE TR #HHden, o] REY Hder A
Q

rok

A

“ [¢]

A DOEES AL AdE 5

Hours |
1 |74HC244P %‘?tate Bus U9 0.054800 1 0.054800
river/Buffer
2 |74HC273P D-type Flip-Flops |U1,U4,U5,U8 0.054800 4 0.219198
3 |74HCTI138P  |3-to-8 Decoder |UIO 0.047179 1 0.047179
4 |7T4HCT?245P Bus Transceiver [Ull, Ul12 0.054800 2 0.109599
5 |HD14572UB |16 pin Hex Gate |U13 0.034319 1 0.034319
6 |M54522 g‘;’* Driver U2,U3,U6,U7 0.037030 4 0.148119
R Array)
7 |TLP523-4 Photo-Coupler  |ISO1-ISO8 0.020674 8 0.165395
8 |1N5408 Diode D17 0.001065 1 0.001065
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9 MC2838 Diode DI-D16 0000488] 16 0.007812
10 |SHB-32HLP _|LED LEDI 0.011397 1 0.011397
11 101U Capacitor BP1-BP11 0.015535 11 0.170883
12 |1000P Capacitor C1.C2.C4.C5 0.010264 4 0041056
13 [10U Capacitor C3,C6 0.003917 2 0.007833
14 |M8-3-332G Array Resistor RPI-RPS 0.001049 8 0.008388
15 |M9-1-102 Array Resistor AR1-AR4 0.001374 4 0.005496
16 [M9-1-103]  |Array Resistor  |AR5, 9, 10 0.000859 3 0.002577
17 [M9-1-334]  |Array Resistor  |AR6-ARS 0.000733 3 0.002200
18 [SBC8-101-242 |Choke Coil L1 0000128 1 0.000128
19 |JY24H-K Relay K1-K32 0047737 32 1527576
20 |T.B Terminal Block |TB1 0.051944 1 0.051944
21 [EeDHOEATOA Ieonnector JP1 0.004971 1 0.004971
22 |A1-34PA-2  |Connector CON1 0.003148 1 0003148
923 |SMT gﬁggfyemo“ 0.002540 i 0.002540
24 |PTH ﬂ‘;‘;ggfyemon 0.023324 1 0.023324

Fallure Rate
338

Part Number(2 ¥ 35)
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AdtA o 2 8] (Maintenance) 7} 3 Al2®lo] F2F 2 nFAI7HS EEtd oS

3 2},

HEET AR oA ojd AaRlE ARgERlE @ W 2 Azgle] Ate S

2 Sgz geldrh ot ofw Axgo) AgHdR @ W nYo} FelE s 3

MTBF
MTBF+ MTTR

Availability = (3.2)

7] MTBF(Mean Time Between Failure)y= Hd 13X He, MTTR(Mean Time
To Repair) HAu uZAFel A7+ Vet di a3 At MTTRS 13 A
F a2ZA4Ed 28 FHE ALY g Ay gog Fday

=
Aol M= MTTRS 7HAA A okshH

o3

3
oy
U
(]
ro
olt.
o
4
ofo
k1
2
=
L
i,
R

MTTRE 2:317) As)Me g8 A b 9 238 o 2 2492
2 A%, A5 AFRAL FAstelol Frh BATY IAUENE 942 05

A
So: DO E&Eo|] AZH oz sas= A
@ @ S; : DO REo] mAo] wAE Ay
A DO RE9 uAE
N . DO HES FelE
IR ey

a9 7. 99 DOREY Markov 29
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Markov 22-& 0242 ow FASH o3 2o,

dP,
dP
L — AP, — P, (3.4)
Py(0) = 1, Pi(0) =0 (35)

= So HHl %S &E, P2 DOXE

o}
AR
of o] WA S AEjdl AL FE, 2P Py0) F Pi0)E So BE Si AgH|
e 271Z2HE Yeih o] B 3Ae EW &3 2o
B ern {—
P,(t) SRR zp{—(\ +p )t} (3.6)
Pyt) =~ 2 —eap{— (A +pu )t} 37
! A+pu A+

Z A = Pot) oltt. o714 B El(Steady State) 7FHE AL ti o2 3#A
At

A= lin A (t) =lin By (t) = Tﬁ_—# (3.8)

A B8 BE 2 2XE ApR WFd e 2

(3.9)

At BIEFA MTTFE B33 E N g2 FAHRE
FAHEH, 4 (31002 Ao BT 7= 4 Q2)9 A

MTBF
WTBF+ MTTR (3.10)

Availability =
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=) 19 1% = ABCD + ABCD + ABCD+ ABC D+ ABCD

+ABCD +ABCD + ABCD+ ABCD+ ABCD+ ABCD
= ACD(B + B)+ ACD(B + B) + ACD(B + B)
+ ABC(D + D)+ ACD(B + B)+ ABCD
= ACD + ACD+ ACD + ABC + ACD + ABCD
= AD(C+C)+AD(C +C)+ ABC + ABCD
= AD+ AD + ABC + ABCD
= A(D+ D)+ ABC + ABCD
= A+ ABC + ABCD
=Z+AE(E+B) (3.15)

%3 19 29%5% = Pld+ ABC+D))
= P(A)+ P(A)P(B)P(C)+ P(4)P(B)P(D) ~ P(A)

(3.16)

A=Ay, (3.17)

JHEE EES A Ay Ax 1 % AX 29 3AE § 22 Part Count MethodE

A=A A=A A, (3.18)

B AE wde 3X 19 2AE 2L 57 BAX) NBEB A2 Aveld 34
DAY 5 Qgomz Axde ool wAFE FAMOE FARFE FIY F 9
o . aeEE 344E el g AE Bde BAgEE ggd 2o
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32719 AH
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- FZ W (loop back) 7l5ol AofA -
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FHAAo2 1BE BAE 3 FF gU2EE AT FEURE e AT
REZZL B2l Ye ok FMEA 248 53te] DOREY FFo] Az v
AE GF] wgt & 73 Zo] A AV)FLE BRIAT FF AT YHHE ol &)
of A3 FHFHE W E V|5 S TP L u=dd g3 @S sty £
27F B7IA oINS E BE DR FE%t BF BY Vs 48HuS AHY SHYH
% Wgste A 282 dAEH. £F CH 7ise AA 19 F Vlede BAKUC] FF
Be £=€ztg guEs] 1 ge ¥F Ad AFHFE F VI5E s HF DY 7
Te EE AA L= EYE EYA N5 E Wl EHEE VFe W AA 2 &
g gl RxRFoln], DORENA AMEEHA oY g i FY JFFe vAA
e ¥¥2 Don't Care’® 273U ohF F&= DORE de 7s 7oy

10K Resistor y

0.1uF Capacitor CDR A
47uF Capacitor CWR A
10uF Capacitor CWR A
REGULATOR Diode VR A
T4ABT245 IC(Digital Gate) BCMOS A
CPLD IC(PLD) CMOS A
20MHz Quartz Crystal A
0.1uF Capacitor CDRR A
0.01uF Capacitor CDR A
47uF Capacitor CWR A
100uH Coil FC A
0.1uF Capacitor CDR B
4702 Resistor RZ B
10K Resistor RM B
TLP281-4 Photo Device PTDD B
TD62033 IC(Dlgital Gate) COMS B
1K Resistor RZ C
1KQ Resistor RM C
1KQ Resistor RM C
O.1uF Capacitor CDR C
0.22uF Capacitor CDR C

_29_



TLP281-4 Photo Device PTDD C
T4ABT245 IC(Digital Gate) BCMOS C
MC140508BD IC{Digital Gate) CMOS C
10KQ) Resistor RZ D
T4ABT245 IC(Digital Gate) BCMOS D
0.1uF Capacitor CDR 22
RXE ‘Thermistor TEM A2
ISMA10A Diode TS gA2
PS7T113L-1A Transistor LEMOS(OCMOSFET) 722
100KQ) Resistor RZ F A2
100KQ Resistor RM 22
0.1uF Capacitor CDR k=12
IDTQS3245 IC(Digital Gate) CMOS &2
CI6-MALE-R/A-FMLB Connector General CDh % x]2
Connector General 22
S220YKT/RED Photo Device LED A2
AZ2-6PA-254DSA Connector (General CR Don't care
10K Resistor RM Don’t care
47K Resistor RM Don’t care
0.007Cx Resistor RM Don't care
270 Resistor RM Don’t care
100 Resistor RM Don't care
36K Resistor RM Don't care
15K Resistor RM Don't care
56K () Resistor M Don't care
0.1u¥ Capacitor CDR Don't care
100uF Capacitor CWR Don'’t care
ZNT7002 Transitor LEMOS Don't care
MTBLONOGV Transitor LFMOS Don’t care
ASID Switch RED Don’t care
LTC4211 IC(Linear Gate) 1L Don’t care
1SMAIOA Diode TS Don’t care
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2 2ol MIL-HNBK-217F Notice 29 Part Stress Method&
DOREANA Al&HE=

T =

PEEY PSS

et

ndE ALt

AR
ISOGRAPH

skl

AR A AlFsteE AFE HI7EEEQ Reliability Workbench, Version 9.0 AZE o)
SHAF] AHEEHE

=F[018 AHgstsint.

=]
T

F9 AHE AL UAY LA
FARAT 22 25°CAM A &EE Aoz A3 AT

. Part Name

10KQ Resistor 4 0.001836308 0.007345232
0.1uF Capacitor 4 0.016331561 0.065326244
47uF Capacitor 1 0.004000028 0.004000028
10uF Capacitor 1 0.002802079 0.002802079
REGULATOR Diode 1 0.000163075 0.000163075
74ABT245 IC(Digital Gate) 2 0.040492458 0.080984916
CPLD IC(PLD) 1 0.308597445 0.308597445
20MHz Quartz Crystal 1 0.054375034 0.054375034
0.1uF Capacitor 1 0.016331561 0.016331561
0.01uF Capacitor 1 0.01321362 0.01321362
47uF Capacitor 1 0.004000028 0.004000028
100uH Coil 1 0.000104826 0.000104826

&5 A 238 A 0.557244

+¥E B

0.1uF Capacitor 4 0.016331561 0.065326244
470C2 Resistor 8 0.000748076 0.005984608
10K Resistor 32 0.002595429 0.083053728
TLP2Z81-4 Photo Device 8 0.0434631 0.3477048
TD62033 IC(DIgital Gate) 4 0.056481253 0.225925012

% B 3135 A 0.727994

% C

1KQ Resistor 8 0.004507601 0.036060808
1KQ Resistor 2 0.039920125 0.07984025
1KQ Resistor 34 0.007766039 0.264045326
0.1uF Capacitor 11 0.016331561 0.179647171
0.22uF Capacitor 32 0.637358665 20.39547728
TLP281-4 Photo Device 9 0.0434631 0.3911679
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T4ABT245 IC(Digital Gate) 0.040492458 0.20246229
MC14050BD IC(Digital Gate) 0.008300313 0.052801878
2ECAFZE A 21.601503
& D
10KQ Resistor 0.001836308 0.007345232
7AABT245 IC(Digital Gate) 0.040492458 0.080984916
25D AFE A 0.08833
AR 2
0.1uF Capacitor 0.016331561 0.032663122
RXE Themistor 32 0.014499462 0.463982784
1SMA10A Diode 32 0.003120389 0.099852448
PS7113L-1A Transistor 32 0.21363385 6.8362832
100K Resistor 0.000743076 0.005236532
100KC2 Resistor 0.001036598 0.001036598
0.1uF Capacitor 0.016331561 0.065326244
IDTQS3245 IC(Digital Gate) 0.054171029 0.216684116
C96-MALE-R/A-FMLB Connector General 0.040281929 0.040281929
Connector General 0.020140965 0.020140965
S220YKT/RED Photo Device 38 0.001577658 0.059951004
A 2 25 A 7.841439
Don't Care
A2-6PA-254DSA Connector General 1 0.001000005 0.001000005
10KCQ Resistor 4 0.002595429 0.010381716
47K Resistor 2 0.003607822 0.007215644
0.007¢2 Resistor 1 0.003822878 0.003822878
2.7Q Resistor 1 0.002026458 0.002026458
10G Resistor 1 0 0
36K Resistor 1 0.001554969 0.001554969
15K Resistor 1 0.00221733 0.00221733
56K Resistor 1 0.001246781 0.001246781
0.1uF Capacitor 2 0.016331561 0.032663122
100uF Capacitor 1 0.004758686 0.004758636
2N7002 Transitor 5 0.052755529 0.263777645
MTB50N06V Transitor 1 1.207184792 1.207184792
AS1D Switch 1 0.0020201 0.0020201
LTC4211 IC(Linear Gate) 1 0.035999395 0.035999395
1SMAI0A Diode 1 0.003120389 0.003120389
o= =1 o = Olr. B 3 o
DO 25 AHAox 4FS AR = HEFEEY 1.57899
1ZE A
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g 242 98 348 PE gasd
o} ek,
No

7t $Eo) RRENFE V&9
Part Name

7t BEo] o]BS 71&FT

Order Number

7y F&9] Al#A7E A F-3hE Order NumberZ 7)
Category
7y HEY FHE Vs ey 2 gEEo

+ IC (MicroProcessor)

« IC (Memory, EEPROM)

« IC (Memory, All except EEPROM )
+ IC (Linear Gate/Logic Array)
« IC (Digital Gate/Logic Array)
« IC (PLA/PAL)

*  Diode

*  Transistor

*  Photo Device

*  Resistor

*  Capacitor

*  Transformer

*  Cail

+  Switch

*  Connector, General

*  Connector, Socket

*  Quartz Crystals

- PCB
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5 SubCategory

Zb H-3E9] S D Categoryoll Al A5 CategoryZE 71438t 7} Category = o
&3 22 Subcategory 7} glth.

5.1 IC (Microprocessor, Memory, Linear, Digital, PLA/PAL)

IC (Microprocessor, Memory, Linear, Digital, PLA/PAL)S] Z$-dl& oS3}
2 Ax7NE Fo AFsE hbE Adstel 4z /g Brt

« ALPS TTL: Advanced Low Power Schottky TTL
« AS TTL: Advanced Schottky TTL

+  BCMOS: Bipolar CMOS

*  CML: Current Mode Logic

+  CMOS: Comp Metal Oxide Semiconductor

* DTL: Diode Transitor Logic

+ ECL: Emitter Coupled Logic

»  FTTL: Fast TTL

+  HSTTL: High Speed TTL

» IIL: Integrated Inject Logic

+ ISL: Integrated Schottky Logic

*  LPSTTL @ Low Power Schottky TTL

« LPTTL : Low Power TTL

*  MNOS : Metal Nitr Oxide Semconductor

*+ NMOS : N Channel Metal Oxide Semiconductor
PMOS : P Channel Metal Oxide Semiconductor
« STTL : Schottky TTL

* TTL : Transistor Transistor Logic

52 Diode
Diodets T2 2& FEZo] st 322 Agstel oojz 7] @,
- Low Frequency Diodes

*  GPA ' General Purpose Analog
+  SWT : Switching
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+ FR : Fast Recovery Power Rectifier

*  SP ! Power Rectifier/Schottky Power Diode

» HVS : Power Rectifier with High Voltage Stacks

* TS : Transient Suppressor/Varistor

* CR ! Current Regulator

* VR ! Voltage Regulator and Voltage Reference (Avalanche and Zener)

- High Frequency Diodes (Microwave, RF)
« SI: Si IMPATT (<= 35GHZ)
* GN ! Gunn/Bulk Effect
* I'N : Tunnel and Back (Including Mixers, Detectors)
+ PIN : PIN diode
1 SB @ Schottky Barrier (Including Detectors and Point Contack
(200MHz <= Frequency <= 35Ghz)
* VS ! Varactor and Step Recovery

53 Transistor

Transistor ¥ O3 22 dE5Fo) It 58 HYsle okolz 7|Y3t

o}

 LFBP : Low Frequency, Bipolar (NPN < 200 MHz, PNP <200 MHz)

*  LFMOS : Low Frequency, SI FET, MOFET (<= 400 MHz)

* LFJFE : Low Frequency, SI FET, JFET (<= 400 MHz)

*»  UNI : Unijunction Transistors

« LNHFBP : Low Noise, High Frequency, Bipolar, Microwave RF
Transistors (Frequency > 200 MHz, Power < 1W)

« HPHFBP :@ High Power, High Frequency, Microwave, RF Bipolar
Transistors (Average Power >= 1W)

»  HFGA : GaAs Low Noise, Driver and Power FETs (>= 1GHz)

+  HFMOS : High Frequency MOSFET (Average Power < 300 mW,
Freq > 400 MHz)

» HFJFE : Hgih Frequency JFET (Average Power < 300 mW, Freq >
400 MHz)
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5.4

5.5

Photo Device

Photo Device(LED®3E) th53 22 gEFo g FE A& 7Y

o]

- Photo Detectors
* PT : Photo Transistor
* PD : Photo Diode

Opto-Isolators

*  PDSD ! Photodiode Output, Single Device

*  PTSD : Phototransistor Output, Single Device
«  DRSD : Photodarlington Ouput, Single Device
* LSSD : Light Sensitive Resistor, Single Device
*  PDDD ! Photodiode Output, Dual Device

. PTDD : Phototransistor Output, Dual Device

*  DRDD : Photodarlington QOuput, Dual Device

« LSDD : Light Sensitive Resistor, Dual Device

— Emitters
*» IRLD @ Infrared Light Emitting Diode
* LED : Light Emitting Diode

Resistor

Resistor U3 22 @5 Fo siB5e &5 AEsto A2 7Y

* RC : Fixed, Composition (Insulated)

* RL : Fixed Film, (Insulated)

* RM : Fixed, Film, Chip

* RN ! Fixed, Film, (High Stability)

* RD ! Fixed, Film, (Power Type)

* RZ ! Networks, Fixed, Film

* RB: Fixed, Wirewound (Accurate)

* RW ! Fixed, Wirewound (Power Type)

* RTH : Thermistor, (Thermally Sensitive Resistor), insulated
* RT : Variable, Wirewound (Lead Screw Activated)
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5.6

RR ' Variable, Wirewound, Precision

RA : Variable Wirewound (Low Operating Temperature)
RK @ Variable, Wirewound, Semi-Precision

RP : Wirewound, Power Type

RJ @ Variable, Nonwiewound

RV ! Variable, Composition

RQ ' Variable, Nonwirewound, Precision

Capacitor

Capacitor th& 3 #2 A EFo S Adste] hFd2o G2 7)1g3

=8

CP : Fixed, Paper-Dielectric, Direct Current (Hermetically Sealed in
Metal Cases)

CA : By-Pass, Radio-Interference Reduction, Paper Dielectric, AC and
DC (Hermetically sealed in Metallic Cases)

CZ : Feed through, Radio Interference Reduction AC and DC
(Hermetically sealed in metal cases)

CQ ' Fixed Plastic (or Paper-Plastic) Dielectric (Hermetically sealed in
metal, ceramic or glass cases)

CH : Fixed, Metallized (Paper, Paper Plastic or Plastic Film) Dielectric,
Direct Current (Hermetically Sealed in Metal Cases)

CHR : Fixed, Metallized paper, Paper-Plastic Film or Plastic Film
Dielectric

CFR : Fixed, Plastic (or Metallized Plastic) Dielectric Direct Current in
Non-Metal Cases

CRH : Fixed Supermetallized Plastic Film Dielectric (DC, AC or DC
and AC) Hermetically Sealed in Metal Cases

CM : Fixed, Mica Dielectric

CMR : Fixed, Mica Dielectric

CB : Fixed, Mica Dielectric, Button Style

CY : Fixed, Glass Dielectric

CK ! Fixed, Ceramic Dielectric (General Purpose)

CC : Fixed, Ceramic Dielectric (Temperature Compensating)

CDR : Chip, Multiple Layer, Fixed, Ceramic Dielectric

CSR : Fixed, Electrolytic (Solid Electrolyte), Tantalum
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+  CWR : Fixed, Electrolytic (Tantalum), Chip

- CL:

Fixed, Electrolytic (Nonsolid Electrolyte), Tantalum

* CRL : Fixed, Electrolytic (Nonsolid Electrolyte), Tantalum Cathode

+ CU
« CE
+ CV:
+ PC:
+ CT:
- CG:
5.7 Transformer

. Fixed, Electrolytic (Alujinum Oxide)
. Fixed Electrolytic (DC, Aluminum, Dry Electrolyte, Polarized)

Variable, Ceramic Dielectric (Trimmer)
Variable (Piston Type, Tubular Trimmer)
Variable, Air Dielectric (Trimmer)

Fixed or Variable, Vacuum Dielectric

Transformer ©h&3 L &EF a@dts 2L Melste] okojgd F A3+

o

+ FB:

Flyback (<20 volts)

+ AD : Audio (15-20 KHz)

* LPP : Low Power Pulse (Peak Pwr. < 300W, Avg. Pwr. < 5W)

« HPHP : High Power, High Power Pulse (Peak Power >= 300W,Avg
Pwr. >= 5W)

5.8 Coil

RF :

RF(10K - 100MHz)

Coil vh53 22 5Tl sfdsts F5E ddsto] o]z AT

- FC:

Fixed Inductor or Choke

* VI : Variable Inductor

59 Switch

Switcht T&3 2& $23e AYsts FBL Adstel ojz EABT

* CTF : Centrifugal

*  DIP : Dual-In-line Package
* LIM : Limit

« LIQ : Liquid Level
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5.10

5.11

+  MIC : Microwave

* PRS : Pressure

*+  PSB : Pushbutton

* RED : Reed

* RCK : Rocker

* ROT : Rotary

*  SEN ! Sensitice

» TEM @ Thermal

*  THW : Thumbwheel
+  TOG : Toggle

Connector, General

Connector, General< U3}
FA ST

 CR : Circular/Cylindrical
+ CD : Card Edge (PCB)
+ HEX : Hexagonal

* RP : Rack and Panel

* RC : Rectangular

« RF : RF Coaxial

» TP : Telephone

+  PW ! Power

« TR : Triaxial

Connector, Socket

Connector, Socket T3 Z& dEA dYdHe F=S HAEste] ofztz

71 e}

*  DIP : Dual-in-line Package
+ SIP : Single-in-line Package

* CHC : Chip Carrier

*  PGA : Pin Grid Array
* RL : Relay

» TR : Transistor
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5.12

+ ET : Electron Tube, CRT

PCB

PCB & 7|39 AAE #an g3

t}

. FRL : FR-4 Laminate

* FRB : FR-4 Multilayer board

«  FRC : FR-4 Mulilayer Board with Copper Clad Invar

*  CMB : Ceramic Multilayer Board

« CCI : Copper Clad Invar

+  CCM : Copper Clad Molybdenum

* CFC : Carbon-Fiber/Epoxy Composite

» KFB : Kevlar Fiber

*  QFB : Quartz Fiber

*+ GFB : Glass Fiber

*» EPL : Epoxy/Glass Laminate

* PGL : Polyamid/Glass Laminate

*» YKL : Polyamid/Kevlar Laminate

*  MQL : Polyamid/Quartz Laminate

*  PKM : Epoxy/Kevlar Laminate

« ALC : Alumina (Ceramic)

» EAF : Epoxy Aramid Fiber

» PFB : Polyamid Aramid Fiber

+  EPQ ' Epoxy-Quartz

» FTL : Fiberglass Teflon Laminates

*  PCC : Porcelainized Copper Clad Invar

* FCF : Fiberglass Ceramic Fiber
Quantity

24 FEEol 71714 AMRE FEE Ve

Connection Type

Connection Type& TS 3 o] 79 88 =3}
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»  HSWO: Hand solder without Wrapping
»  HSW: Hand solder with Wrapping

»  CR: Crimp

+  WD: Weld

+  SW: Solderless Wrap

+ CT: Climp Termination

*» RS! Reflow Solder

»  SC! Spring contack

*» TB: Terminal Block

« PTH: Plated Through Hole
. SMT: Surface Mounted Technology
. OTH : The others

4)) Reflow Solder o2 Ydolym SMT FHg=2 7]%d] F 2%+ ufo)
AZEZZAA FAJAA A= RS (SMT)

8 Pin Number

2 REe) We

U

71Edh

i

9 Chip Style

7zt R-F9] Package Types 7]€3lH 13 CategoryEZ o33 22
Package Type©] At}

91 IC (Microprocessor, Memory, Linear, Digital, PLA/PAL)

IC(Microprocessor, Memory, Linear, Digital, PAL/PLA)%] Package TypeZ
OS5 2L FEF IFHE dES AdYste] kxR 7|9t

+ HC : Hermetic Can

* HDS : Hermetic Dip, sold/weld

*  HDG : Hermetic Dip, glass seal

* HF : Hermetic Flatpack

+ HP : Hermetic Pin Grid Array

*  HSMT : Hermetic Surface Mount Tech
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. NHDS : nonHermetic Dip
* NHP : nonHermetic Pin Grid Array
*  NSMT : nonHermetic Surface Mount Tech

9.2 Diode

High Frequency Diodes® A-$-oj& o233 2& 32 Fof &Iee=

A,

ot
4

*  VC ! Varactor, Voltage Control
* VM ! Varactor, Multiplier
+ OT : All Other Diodes

Low Frequency Dioded] 7 -¢dv &3 22 53 I3t
2 Ria=s

i

a5

« MB :Metallurgically Bonded

* NM : Non—-Metallurgically Bonded and Spring Loaded Contacts

9.3 Switch

Switch®] Load Type ¥ s}%3t= 3&

o

A g
» RES : Resistive Load
. IND : Inductive Load
*  LAM : Lamp Load
10 Rated (Operating) Power
7 REo A AARL L 7 d B
11 Electrical Stress

11.1  Diode

Applied Reverse Voltage®} Rated Reverse VoltageZ 7] &t}

_51.—
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11.2

11.3

114

115

12

12.1

o) Applied Reverse Voltage 7} 10 V ©]i Rated Reverse Voltage 7} 20 V
o™ 20(10)

Transistor

Voltage, Collector to Emitter ¢} Voltage, Collector to Emitter with Base
Openg 7] st}

of)) oW E &= 2¥ 2 Collector to Emitter Voltage 7} 15 V o] ZCollector to
Emitter with Base Open Voltage 7} 30 V o] 30(15)

Capacitor

Operating Voltage(Operating DC Voltage ¢ Peak AC Voltage ¢} %) ¢
Rated VoltageZ 7] 3o}

o) o capacitor €] operating Voltage 7} 10 V ©] i Rated Voltage 7} 20

V ooj®d  20(10)

Switch

Operating Load Current ¢} Rated Resistive Load CurrentE 7] 3ok

o) oJ¥ Switch®] Operating Load Current 7} 1 A ©]i Rated Resistive
Load Current 7} 2 A o)1 2(1)

Connector, General

Contact & A F(Ampere per Contact)E 7] ¢ 3+t

o) Rectangular Connector®] Contact 3 3.2% AF7F1 A od 1 A

Application

IC (Microprocessor)
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IC (Microprocessor) 9] AS-d& nlo]laz 2 QA9 dHolgxadydE bitz
el o}

o) Z80 wfolABZ I 2 A A Q] A9 8 bit

122 IC (Memory, EEPROM)

IC (Memory, EEPROM) 9} A-%-dli= B53 2o] 37k49] e o]F ozl
.

1. EEPROM TYPE

* FL : Floating Gate Tunnel Oxide EEPROM

» TP : Textured Polysilicon Type EEPROM

2. Error Corretion Code &4 5

*  NOE : No On-Chip ECC

* ONH : On-Chip Hamming Code

*  TWO : Two-Needs-One (redundant Cell Approach)

3. Memory Size (kbit)

o) 1024 bite] €S 2t J+ Textured Polysilicon Type®] EEPROM©] ™
EEPROM ol Hamming Code 7} W&o} 1™ TP:ONH:1.024 kbit

123  IC (Memory, except EEPROM)

IC (Memory, except EEPROM) ¢ 4 $°l&= &3 #Zo] 27149 z3toez
o] Fo] [},

1. Memory Type

- ROM

+  PROM (EPROM)
«  UVEPROM

+  EAPROM

+  SRAM

«  DRAM
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2. Memory Size (kbit)

o) 1024 bite) &3 2w

)
i
S
=
=
s

$-HSRAM : 1.024 bit

124 IC (Linear)

IC (Linear) & Ao+ chipe] Wdd =dx 28 NAeE dgd ERF
=E e N5E AFs] m2god g e XS 7Yt

.
Ul

01 EAAAE Q] 71 1914 100 7} Apo]
00 : ERX2H 9] 47} 10104 300 7} Ake]
00 @ EiR] €] 47} 301014 1000 7} A}o]
+ 5000 @ ERA2=H ] FrF 1001914 10000 7 ARe]

. 3
Q1 DY

125  IC (Digital)

chipd] WAH Gated /N-E A=t} AolEY

IC (Digital) ] 7%=
Zaod et 28 2aE Y

£ A g3
+ 50 :1 to 100 7}

« 500 : 101 to 1000 7Y

+ 2000 : 1001 to 3000 7}

+ 5000 : 3001 to 10000 7}

* 20000 : 10001 to 30000 7§
* 40000 : 30001 to 60000 7}

126 IC (PLA/PAL)

« 100 : 1 to 200 7)

« 300 : 201 to 500 7R

« 700 : 501 to 1000 7H

+ 3000 : 1001 to 5000 7}

+ 10000 : 5001 to 20000 7R
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127 Diode

Low Frequency dioded] ¥t s 3= ™ Junction® & 7] 43},

12.8 Transistor

Transistor © W3 22 d5F didsts F5& Agste ofojz 74T

)

- Low Frequency Bipolar
» LA : Linear Application
* SW ! Switching

- Low Frequency SI FET

* LA ! Linear Amplication

+  SW ! Small Signal Switching

*  PWI1 ! Power FET (2W<= Rated Output Power < 5W)

*  PW2 : Power FET (56W<= Rated Output Power < 50W)

*  PW3 : Power FET (50W<= Rated Output Power < 250W)
« PW4 : Power FET (250W<= Rated Output Power)

- UNIJUNCTION
* NA: st

- Low Noise, High Frequency, Bipolar
« NA: &F<etd

- High Power, High Frequency, Bipolar
*  CW : Continuous Wave
* PS : Pulsed

- High Frequency, GaAs FET

* CW : Continuous Wave

+  PS : All low Power and Pulsed

- High Frequency, SI FET (Average Power < 300 mW, Freq > 400 MHz)

© NA: gy
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12.9 Capacitor

Capacitor sub_category”’} CWReJY CSRY 7 -$-oll Wt Circuit Resistance #t<
71998t 1 9] A9-= s FAFake] ¢tk Circuit Resistance (Series
Resistance) ¢ th3 22 A& o] &3to] 3ttt
Effect Resistance Between Cap. And Pwower Supply

Voltage Applied to Capacitor

CR =

12.10  Transformer, Coil

Transformer, Coil?] Aol HFEZASE(AT)S 7|93t AT =

Average Temperature Rise Above Ambient(?)

1) MIL-C-39010/1C-3C, 5C, 7C, 9A, 10A, 13, 14 : 2 T=15?

2) MIL-C-39010/4C, 6C, 8A, 11,12 : aT=35?

3) Power Loss(Case Radiating Surface Area): AT=125 WI/A

4) Power Loss(Transformer Weight) : 4T=11.5 WI/(Wt.)0.6766

5) Input Power(Transformer Weight)_Assumes 80% Efficiency :
AT=2.1 Wi/Wt.0.6766

Where, W1 = Power Loss(W), A = Radiating Surface Area of Case(in2),
Wt. = Transformer Weight(lbs. = pound), Wi = Input Power(W)

AEE gL el A Aol 50 o2 gt
1211  Switch

Toggle Switch ¢} Pushbutton Switch®] A$-o% A &5 th&x e 3=
o Al X el gicy,

*+  SPST : Single Pole, Single Throw

*  DPST : Double Pole, Single Throw
« SPDT : Single Pole, Double Throw
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 3PST : Triple Pole, Single Throw

* 4PST : Four Pole, Single Throw

*  DPDT : Double Pole, Double Throw
» 3PDT : Triple Pole, Double Throw
*  4PDT : Four Pole, Double Throw

* 6PDT : Six Pole, Double Throw

12.12 Connectors, General

Connectors, General 9] 7d-9-ol+= American Wide GagugeZ 7] ¢ gt}

o) 30 Contact Gauge ¢l A5+ 30

12.13  Quartz Crystal

13

14

Quartz Crystal ¢ 74-9-ol & %54 (Frequency)E MHz @92 713t}

Thermal Resistance Case to Ambient (C)

IC(Microprocessor, Memory, Linear, Digital, PLA/PAL) ¢ 7% 93
(Thermal Resistance Case to Ambient)#tS =2 749 Nonel Z E 7]

—o

Diode ¢ % <€A 3(Thermal Resistance Case to Ambient)3tS & A
Noneo.& 17|

1~n
s

Transistor ¢ 4% ¥ A3 (Thermal Resistance Case to Ambient)3t<
E_ j

A9 Nonel.& 7|

Thermal Resistance Junction to Case

IC (Microprocessor, Memory, Linear, Digital, PAL/PLA)¢} 7%, A 33 ©o]
H7F gl F$dE 28 (C/W)E ALtk

Diode®} 745 Specell &3 wolE 7} §le B¢ 70 (C/W)E AH&geh
Transistor®] 7% Specell A& Ho]E) 7} Y= Ao 70 (C/W)S AL&-3)

.
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Production Year

15

To-

ol

o

Operating Temp

16

Tolerance

17

;OL

<

i
Mﬂ
TH
i3
o]

of

g
o

==
fi’s)

Maker

18

o

A2 LS V)&

Web Site

19

g0 A% 7]

SENT
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