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( 51
3413
n

3414

34.15

342

343

344
3441

NEs

( 3322 )

)

(
3-17
(3-17)
( )
(
( 155
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1000 FITs.
C )
3442
( )
3-18
o
AX(t) = Ax X(0)xt™ x e- T (3-18)
X ( Il Py
A m
k (8.618x107°eV/K)
T ( )
t
m=1( 318 )
X(t) = X(0) + A xt (3-19)
A
m=1 3-18
AX(t) = A xt™ (3-20)
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log[AX (t)] = log A + mxlogt (3-21)
-
(m=1)
1000 X (
)
R3-15 [116v2] ( ) (
)
3.4.4.3
( )
[ 60% 90% (CL9) ]
R3-16 [165v2]
(
3.4.4.4
3-2
3-2
@40 (FIT9) @40 (FITs)
@60% CL @90% CL

@5

@10

@15
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@20

@25

( SR-332)

( @s5 )

( ) 5 ( ) 6

R4-1[419]

1
4.1 4.2
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411
R4-2 [106v2]

04-3 [107v2]

R4-4[420] (
( )

R4-5[421] (
04-6 [422]
( 442
CR4-7 [423]
R4-8 [110v2]

441

R4-9[424]  4-2 “ R

04-10[425]  4-2 “ O

4-1

4-6)

20
10

4-1

4-1

41 )

321
LEDs LED

AL

321
LEDs LED
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SMSR 3212 SLM
SLM
SSE 3.21.2 SLM
SLM
a 32124 2.5Gb/s
EA
P 3221
LED
3.222
I TH
3.223
TO
32241
@ITH PTH
3.2.24.2 LEDs LED
@l oP Pop
L-I 3.2251
32251
L-l 3.2.252
L-l 3.2.253
n 3.2.2.6
RIN 3.2.2.7
3.2.2.8 EELEDs EELEDs
LED
3.2.29 EELEDs EELEDs
LED
3.23
@l Ve (TH)
3241
& LEDs LED EA
tr & tf
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3.24.2
re I:)mod LED EA
t 3243
on LEDs LED EA
f 3244
c LEDs LED EA
3.25
tmmn
g
t 3.25
war mup
3.25
Pdi%\ble
I:)tuning
FWHM 3.26.1 EA
0II QJ_
CE 3.2.6.2
F R r 3.2.6.3
filr
F R 3.2.64
Te
PER 3.2.65
3272
3271 EA
Sy
3272 EA
S21
3271 EA
Vmod
DC 3272
pc V,
RF 3272
rRF V
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DP 3271 EA
3272
Aop
3272
Pmax
IL 3272
RL 3272
3281
R Mg
3282
3.283
3.284
@P,(max) | | oh
| 3.285
dark
C 3.2.86
3.287
fe
V 3.288
br
F 3.289 (APD)
APD
3291
I:)Rmin
3291
I:)Rmax
3.292
DGD 3.292 (= 10Gb/s )
3.292
3.292
4-2
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LTPD SS C

321011 20 11 0 R

3.210.1.2 20 11 0 R
ESD 3.210.21 | HBM 6 0 R

ESD (
FOTP-129 3 )
321022 | £ 8kV £ 15kV 2 0 O
GR-78-CORE
3.210.3 35 R
( 6
)
3.2104 20 11 0 R
( ( )
)
3.2105 20 11 0 R
3.2.10.6 20 11 0 R
( )
4-2
3 ESD 4000V LiNbO3
( ) ( ESD ) ESD
5
412
(3.1.3 )
R4-11 [426] R3-7 [415]
< 5000ppm

ppm, parts per million,
4.2
421
R4-12[113v2] 4-3 4-4

4-5 “ R” CO UNC( )
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R4-13[427] 4-3 44
4-5 “ o CO UNC( )
4-3
3311 A (500g, 1.0ms) R
5
300g, 3ms, 5 R < 0.225Kg
5g, 11ms, 5 R 0.225Kg < 1.05Kg
3311 A (20g) R
20 2000 20Hz,
4
4
59,10 100 10Hz, O
1
10
3312 A 100 ) R
3.3.131 0.5kg, 10 R
3cm
Cable
1.0kg, 10 R
3cm
Cable
— 3.3.1.32 0.25kg, 90 R
22 28cm
0.5kg, 90 R
22 28cm
—Cable 3.3.133 0.5kg, 1 R
1.0kg, 1 R
33141 200 R
33142 o)
33143 10 R
3
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4-4
CcO UNC
3321 85 , 2000 R R
3.321 40 ,72 O O
3.3.2.2 40 +85 , O R LEDs,
50
EA
40 +85 , R CcO
100
40 +85 R CO
500
3.3.2.3 85 85%RH, R R
500
4-5
LTPD | SS CO | UNC | ( )
3.33.1 70 10 22 R (
5000 )
LEDS( )
EA (
)
85 10 22 R (
5000 )
LEDS( )
EA (
)
175 10 22 R R
2x 'V
2000 ( op)
70 20 11 R CcO
2000 ( )
( LED
)
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co
(

8 , 20 11 UNC
2000 ( )
(
LED
)
UNC
(
)
3332 20 20 1 UNC
3323 85 20 1
85%RH,
2000
[ 12x |q,,
LEDs 0.1x |, (max),
EA ]
85 20 11
85%RH,
[LED 1.2x lqy,
1000
20 11
(85 ( )
)1
85%RH,
1000

422

3.13
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R4-14 [428)]

R4-15 [20v2]

4-3

4.3

980nm

ECS

04-16 [171v2]
(

R4-17 [172v2]
EOS

(

R4-18 [173v2]

4.4
441
151

(41

980nm  1480nm. 1480nm

) (COD) (EOS)

( )

EOS

(GaAs)

980nm

GaAs
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R4-19 [429] (
442
04-6 [422] (
) 4-6
4-6
10g, 0.3 ms 3
#1 GR-63-CORE, 5.4.2
1.0g, 3mm
5Hz 100Hz
0.1 3
#2
2.0g, 100Hz 200Hz
8 3
5
( )
ESD ( )
5.1
05-1 [430] CO UNC (
51
05-2 [163V2]
( )
51 (
)
( 1.5x1 . 175xI ., 20xI_.)
( ) | mex
( 3.4.1.3 )
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51
CO | UNC ( )
34.1 70 10000 10 o) (
)
LEDs ( ),
EA ( )
85 10000 10 O (
)
LEDs ( ),
EA ( )
175 5000 10 0 0
(2x Vop)
70 5000 5 o) CcoO
(
LED
)
85 5000 5 — | 0 UNC
(
LED
)
3.4.2 40 +85 5 0 CcO
500
40 +85 5 0 UNC
1000
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343 85 85%RH
5000
[ 12x gy,
LEDs 0.1x |4, (max),
EA ]
[ 12x |,
LED
0.1x | o5 (Max)
(
(85 ) 85%RH, )
5000
52
(
(
) WDM
33311 34.14
)
R5-3[117v2] )
R5-4 [119v2]

(

R5-5[125v2]

R5-6 [150v2]
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22

6.2
R6-2 [129v2] 2.2.6.2

R6-2 [129v2]

6.3
6.3.1
R6-3 [131v2]

R6-4[431]

{a
{ b}

R6-3 [131v2]

20 (

6.3.2
R6-6 [388v2]

40

85
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TECs
R6-6 [388v2]
07-3[190v2] Il

R7-3[191v2]

7.1

711TEC
7111

TEC (lee) (Viee)

TEC

(Rrs)

7112
7-1

TEC

15

TEC

712TEC

(VTS )

45 ()

T 0 )% 90%

78



( )
Happy Fei

R7-5[432] TEC ( 7111
)
R7-6[433] 20
R7-7[434] 71 “ R TECs
R7-8[435] 7-1 “ O TECs
7-1TECs

LTPD | SS | C

3.2.104 R 20 17| 0

( TEC )
3.3.1.1 R 10 | 22| 0 A (500g, 1.0ms)
5
3.3.1.1 R 10 | 22| 0 A (20g)
20 2000 20Hz
4
4
3.3.21 R 10 | 22| 0 |8 2000
3.3.2.2 R 10 | 22| 0 40 85 100
o) 10 | 22| 0 40 85 500
7.1.12 R 10 | 22| 0 >
( ) 5000
R7-9[192v2]
(
313 )
( )
TEC
( 65 ) TEC
7.1.3TEC
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R7-10 [207v2] TECs ( )
7.4
3313 GR-326-CORE

R7-12 [201v2]

R7-13 [202v2] ( )

R7-14 [210v2]

R7-13[203v2]
ferrule cable
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A
Al (LTPD)
A-1 LTPD
LTPD[%] | 50 | 30 | 20 [ 15 | 00| 7 | 5 | 3 | 2 | 15
© (Minimum Sample Sizes  SS)

0 5 | 8 | 1n ]| 15| 2] 3|4 7 | 116] 153

1 8 | 3] 18| 25 | 38 | 55 | 77 | 120 | 195 | 258

2 11 | 18] 25 | 34 | 52 | 75 | 105 | 176 | 266 | 354

3 13 20| 32| 43| 65 | 94 | 132|221 | 333 444

4 16 | 27 | 38 | 52 | 78 | 113 | 158 | 265 | 398 | 531

5 19 | 31 | 45 | 60 | 91 | 131 | 185 | 308 | 462 | 617

6 21 | 35 | 51 | 68 | 104 | 149 | 209 | 349 | 528 | 700

7 24 | 39 | 57 | 77 | 116 | 166 | 234 | 300 | 598 | 783

8 26 | 43 | 63 | 8 | 126 | 184 | 258 | 431 | 648 | 864

9 28 | 47 | 69 | 93 | 140 | 201 | 282 | 471 | 709 | 945

10 31 | 51 | 75 | 100 | 152 | 218 | 306 | 511 | 770 | 1025

A-2 ( )

| I I
2 8 A A B
9 15 A B C
16 25 B C D
26 50 C D E
51 90 C E F
91 150 D F G
151 280 E G H
281 500 F H J
501 1200 G J K
1201 3200 H K L
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A-3

25
Ac Re

11
15
22

10

15
Ac Re

11 | 14
15|21
22

10

1.0
Ac Re

8
11 | 14

15|21

10

0.65
Ac Re

11 | 14

10

0.40

Ac Re

8

0.25
Ac Re

0.15
Ac Re

0.10
Ac Re

13
20
32
50
80
125
200
315
500

800

100%

Ac

Re
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A-4 ( )
sample Total Acceptable Quality Levels (Normal Inspection)
r?f;a Sample Egi’:f_'“ Sample | 0.10 | 015 | 0.25| 0.40 | 065 | 1.0 | 15 | 2.5
Size
Letter Ac Re|Ac Re|Ac Re|Ac Re|lAc Re|Ac Re|Ac Relac Re
A - - - I + + I + I I +
B 1st 2 2 I + + I + J 1 +
2nd 2 4
C 1st 3 3 I + + I + J + °
2nd 2 i
D ].St E 5 - 'l' 'Jr J.-' \L - ® T
2nd 5 10
E 1st 8 8 I + + + + ° T +
2nd o 1a
F 1=t 13 13 + J & iR @ T iR 0 2
2nd 13 20 1 2
{3 1=t 20 20 + J + ® T 4 o 2|0 3
2nd 20 40 1 213 4
H 1=t a2 32 I + “ T + |0 210 3|1 4
2nd a2 fd 1 213 414 &
J 1=t il A & # T + o0 20 311 412 5
2nd Hi 100 1 23 414 5|6 7
K 1=t 30 S0 “ T 4 o 2)0 311 4|2 &H|a 7
2nd a0 160 1 213 4|4 5&H)6 T|7T &
L 1=t 125 125 T 4 o 2|0 3|1 42 &H|2a T|5 9
2nd 125 250 1 2|3 4|4 5| 7|7 8112 13
M 1=t 200 200 1 o 2|0 311 412 52 T|IH 9|7 11
2nd 200 400 1 2|13 414 56 T[T 912 13|18 18
M 1=t 315 Als o0 210 311 4|12 sl T8 9T 11111 16
2nd 315 630 |1 213 404 5|6 TV 912 13|18 19) 26 27
P 1=t H00 Mo 0 31 412 &H1a TI5 97 11|11 1a T
2nd H00 mwon |2 414 H(6 TIT 912 13|18 1925 27
! 100%
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Ac
Re
*
° ( )
C
ACC Automatic Current Control
ADM Add/Drop Multiplexer
AML Approved Manufacturer List
ANSI American National Standards Institute
APC Automatic Power Control
APD Avalanche Photodiode
APL Approved Parts List
AQL Acceptable Quality Level
ASL Approved Supplier List
AVL Approved Vendor List
B bandwidth
BER Bit Error Ratio
C allowed failures (in LTPD sampling) ( LTPD )
C capacitance
C coulombs
degree Celsius
CDR Clock Data Recovery
CE Coupling Efficiency
CEV Controlled Environment Vault
CL Confidence Limit
cm centimeter
CcO Central Office
COD Catastrophic Optical Damage
CR Conditional Requirement
CWDM | Coarse Wavelength Division Multiplexed
D duration
dB decibels
dBc decibels, referenced to the carrier
dBm decibels, referenced to one milliwatt
10IgP /1mw
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DC Direct Current (0 Hz)
DCVm | DCdrivevoltage
det detector
DGD Differential oup Delay
DIP Dual In-line Package
DP Dispersion Penalty
DWDM | Dense Wavelength Division Multiplexed
Ea activation energy
EA Electro-Absorption
EELED | Edge-Emitting Light Emitting Diode
EIA Electronics Industry Association
EOS Electrical Overstress
average optical energy level
ER
ESD Electrostatic Discharge
ev electron-volts
F excess noise factor
f cutoff frequency

FIFO First-In  First Out

FIT FailuresIn Time

FITL Fiber-In-The-Loop

FOTP Fiber Optic Test Procedure

F/IR Front-to-Rear
FR Family of Reguirements
FWHM | Full Width at Half Maximum
g gravitational acceleration
Gb/s 9 _ 9
10 bits per second 10
GHz 9 9
10" Hertz 10" Hz
GR Generic Requirements document

HALT Highly Accelerated Life Test

HAST Highly Accelerated Stress Test

HBM Human Body Model

Hz Hertz
| (drive) current ( )
IC Inte ated Circuit
| dark current
dark
IEC International Electrotechnical Commission
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IL Insertion Loss
inp input
| operating current
op
| photocurrent
ph
| thermoel ectric cooler current
TEC
| threshold current
TH
ITU-T International Telecommunication Union — Telecommunication Standardization Sector
K Kelvin
k Boltzmann’'s constant
L light level (optical power) ( )
LAN Local AreaNetwork
LEC Local Exchange Carrier
LED Light Emitting Diode
L-l light vs. current
LTPD Lot Tolerance Percent Defective
M multiplication factor
max maximum
MAN Metropolitan Area Network
MHz
10° Hertz 10°Hz
min minimum
ML Median Life
MLM Multi-Longitudina Mode
MTTF Mean Time To Failure
NE Network Element
NFF No Fault Found
nm
10~° meter 10°m
NRZ Non-Return to Zero
nom nominal
NTF No Trouble Found
0 Objective
obs observed
OC-N Optical Carrier - Level N (N =1, 3, 12, 48, 192) N(N=1,3,
12, 48, 192)
OFSTP | Optica Fiber System Test Procedure
op operating
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ORL Optical Return Loss

P optical power (light level) )
PDA Percent Defective Allowed

PER Polarization Extinction Ratio

PM Polarization Maintaining ( )
PMD Polarization Mode Dispersion

P maximum optical input power

max
P modulation depth
mod

P, optical power at normal operating current
PR optical power received
ps 10 *? seconds 10
PTH optical power at threshold
QA Quality Assurance
QC Quality Control

R reguirement

R resistance

R responsivity

extinction ratio

re
RF Radio Frequency
RF VT RF drive voltage

front-to-rear tracking ratio

rf/r
RGA Residual Gas Analysis
RH Relative Humidity
RIN Relative Intensity Noise
ROSA Receiver Optical Sub-Assembly
RQ GR | Réliahility & Quality Generic Requirements
RTS temperature sensor resistance
RZ Return to Zero
S21 bandwidth
SC atype of fiber-optic connector
Scope oscilloscope
SLM Single Longitudinal Mode
SMSR Side-Mode Suppression Ratio
SONET | Synchronous Optical NETwork
SPD Spectral Power Density
SQC Statistical Quality Control

87




)
Happy Fei

SS Sample Size
SSE Source Spontaneous Emissions
T temperature
t time
T characteristic temperature
0
T tracking error
e
TEC Thermoelectric Cooler
fall time
t f
TH threshold
THz
10" Hertz 10" Hz
TIA Telecommunications Industry Association
™ Terminal Multiplexer
TO Transistor Outline
t turn-on delay
on
TOSA Transmitter Optical Sub-Assembly
risetime
tr
ul Unit Interval
UNC Uncontrolled
V breakdown voltage
br
forward voltage
VF
V modulation voltage
mod
noise voltage
Vn
V normal operating voltage
op
V thermoel ectric cooler voltage
TEC
\V/ temperature sensor forward voltage
TS
V- voltage vs. current
WDM Wavelength Division Multiplexed
a source frequency chirp factor
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spectral width 20 dB down from maximum 2B
A,y
t tral width
A /1rms root mean square spectral wi
wavelength
2 g
central wavelength
Ac
operating wavelength range
Aop
peak wavelength
Ap
n efficiency
quantum efficiency
Mq
o) standard deviation
FWHM angle measured parallel to the laser’ s active layer
Il
9 FWHM angle measured perpendicular to the laser’ s active layer
1
Q optical phase of the signal
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