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Evalua7on	
  at	
  the	
  Op7cal	
  Signal	
  Level	

Characteristics	
 Subject	
 Status	


Transmission Loss 	


Base transmission loss We	
  have	
  enough	
  data	


 Loss increment due to the 
temperature and humidity	


Well	
  verified	


Transmission loss change 
due to the temperature 

dependence of light source	

Evalua7on	
  on	
  the	
  way	


Bandwidth	
 Launch	
  condi7on	
  dependence	
   We	
  have	
  some	
  data	


Connec7on	
  Loss	


Base	
  connec7on	
  loss	
  

Lateral	
  offset	


Tilt	


End	
  separa7on	


Environment	
  (Vibra7on,	
  
temperature,	
  etc.)	
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Transmission Loss Change due to 
 the Temperature Dependence of the Light Source 

and Launch Condition	


Base	
  aIenua7on	


High	
  NA	
  launch	

Source	
  spectrum	

Total	


Length	
  	
  (m)	


AI
en

ua
7o

n	
  
	
  (d

B/
m
)	


Loss	
  Increment	
  Factor:	
  
	
  	
  	
  	
  	
  	
  Source	
  spectrum	
  and	
  Launch	
  NA	
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What we have evaluated at 

   the ATM Forum 

 and  

IEEE 1394b 

 are	
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Source:	
  NEC	
  
LED:	
  NL2100	
  

Transmission	
  Loss	
  Depends	
  on	
  the	
  Peak	
  Wavelength	
  
and	
  Width	
  of	
  the	
  Emission	
  Spectrum	
  

	
  of	
  the	
  Light	
  Source	


50	
  m	
  POF	
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Loss	
  Increment	
  due	
  to	
  
	
  the	
  Environment	
  and	
  Macrobend	


　Macrobend loss	


POF:	
  A4d	
  (NA=0.3)	
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Loss increment due to the  
ambient humidity 
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Launch	
  Condi7on	
  Dependence	
  of	
  
POF	
  Bandwidth	
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Connec7on	
  Loss	
  Evalua7on	


Fig. 6   Insertion Loss by End Separation
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 Loss by End Separation

Base	
  connec7on	
  loss	
  

Source:	
  AMP	
  
at	
  IEEE	
  1394b	
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POF	
  Cable	
  Plant	
  Loss	
  Budget	
  of	
  IEEE	
  1394b	
  
S100/S200	


Loss	
  factor	
 Typical	
  (dB)	
 Worst	
  (dB)	
 Condi7on	


Base transmission loss 7.3	
 7.8	
 650nm,	
  Launch	
  NA=0.1	


Environment	
 0	
 0.8	
 70	
  C,	
  95	
  %RH	


Launch	
  NA	
 0.2	
 0.5	
 0.2	
  <	
  	
  Launch	
  NA	
  	
  <0.3	


Spectrum	
  of	
  the	
  light	
  
source	
 3.1	
 3.4	
 λp=660nm,	
  

FWHM=40nm	


Macrobend	
  loss	
 0	
 0.5	
 10	
  quarter	
  bends,	
  
25mmR	


Total	
 10.6	
 13.0	


Transmission	
  loss	
  of	
  50	
  m	
  POF	
  (A4d)	
  without	
  connec7on	


•  Maximum	
  POF	
  AIenua7on	
  =	
  0.26	
  dB/m	
  
•  Maximum	
  connec7on	
  loss	
  =	
  2.08	
  dB	
  /	
  connec7on	

Transmission	
  length	
  is	
  shortened	
  8	
  m	
  a	
  connec7on.	
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F
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Automotive link budget: 15 meters + 4 inliners

8

min -7,8 dBm
min -9,8 dBm

min -20,8 dBm
min -18,8 dBm

max 3,0 dBo
(15m SI-POF
temp, aging)

SP2 SP3

max 
2 dBo

max 
2 dBo

! Red LED: AOP max. 1,5 dBm, min -7,8 dBm in temperature range, aging and optical 
alignment tolerances. ER min. 8 dB, max 12 dB

! Fiber attenuation: max. 0,2 dBo/meter considering aging under EMD launching condition !   
3 dBo for 15 m

! Inliner attenuation: max. 1,5 dBo / inliner in temperature and aging ! max. 6 dBo for 4 inliners

! RX sensitivity requirement for max. temperature and aging: -20,8 dBm

max 1,5 dBo / inliner
(temp, aging)micro 

pig-tail
micro 

pig-tail

E/O TX in
clear mold
package

O/E RX in
clear mold 
package

Optical
Connector

POF & Inline Connectors Optical
Connector
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•  Worst	
  case	
  POF	
  AIenua7on	
  =	
  0.26	
  dB/m	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  =>	
  3.9	
  dB	
  
•  Worst	
  case	
  connec7on	
  loss	
  =	
  2.08	
  dB	
  /	
  connec7on	
  	
  	
  	
  =>	
  8.3	
  dB	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Total	
  	
  	
  =>	
  	
  12.2	
  dB	
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Automotive link budget: 40 meters 
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min -7,8 dBm
min -9,8 dBm

min -19,8 dBm
min -17,8 dBm

max 8,0 dBo
(40m SI-POF
temp, aging)

SP2 SP3

max 
2 dBo

max 
2 dBo

! Red LED: AOP max. 1,5 dBm, min -7,8 dBm in temperature range, aging and 
optical alignment tolerances. ER min. 8 dB, max 12 dB

! Fiber attenuation: max. 0,2 dBo/meter considering aging under EMD 
launching condition ! 8 dBo for 40 m

! RX sensitivity requirement for max. temperature: -19,8 dBm

micro 
pig-tail

micro 
pig-tail

E/O TX in
clear mold
package

O/E RX in
clear mold 
package

Optical
Connector

POF segment Optical
Connector

!"
#

$
%$

$

$

!"
#$%

&'()'$%
*&+

,-.&

"
&
'
()

"
*
)
)
+

,
-$
.
%//012

(3%4/

/0+()'$%
*&+

,
-$
.
%//012

(3

5
6789:;<#

9;=>?@

/

'
A

BC/

!+01
')*2

!0(&)322224%
%
4!!5

-D<E
@F@6GH=I

04/A%//%/J

%<K
!2
)
L
"
!#
L
"
<'
.
)
<!L
<2
!((!2

)
+)
.
"

%<-!.
"
+<'
L
M
()
<5
.
#
N)
&
+!#
L

%<M
)
L
)
.
'
(<+#

()
.
'
L
&
)
"

(!L
)
'
.
C<
4D/O

O
<P<'
L
M
Q
('
.
C<
B

Q
L
()
"
"
<#
+*
)
.
E
!"
)
<"
5
)
&
!-!)

K

!"
#

/
7R

+!+()

2
(&
%M
F>;<)

;S@6?@;<+T

&
9I;7O

@6

'

$

&

K

)

-

U

V

W

B

J

A

0

/

/

0

A

J

'

$

&

K

)

-

B

W

V

U

K
#
&
Q
2
)
L
+<L
Q
2
$
)
.

K
'
+)

TTTT%TT%TT

%

%

,
-$
.
%//012

(3%4/

04/A%//%/B
"
+#
.
)
<K
'
+)

K
E
L

&
*
X

'

-D<E
@F@6GH=I

-!()
<L
'
2
)

L
@Y
<K
6HY
>?Z

&
*
'
L
M
)

'
.
)
[

,
-$
.
%//012

(3%4/\'
D>8Y

.
)
[

+
*
!"
<K
#
&
Q
2
)
L
+
<'
L
K
<'
L
]
<'
"
"
#
&
!'
+
)
K
<K
'
+
'
<

&
#
L
+
'
!L
<&
#
L
-
!K
)
L
+
!'
(
<!L
-
#
.
2
'
+
!#
L
<+
*
'
+
<

!"
<'
[
'
M
#
<+
)
&
*
L
#
(
#
M
!)
"
<5
.
#
5
)
.
+
]
D<#
L
(
]
<

K
!"
&
(
#
"
)
<#
.
<K
Q
5
(
!&
'
+
)
<-
#
.
<#
+
*
)
.
"
<'
"
<

'
Q
+
*
#
.
!3
)
K
<$
]
<'
[
'
M
#
<+
)
&
*
L
#
(
#
M
!)
"
D

!"!#$%&'()*$+$#,'-%($*.,/'*&,!+
K
#
<L
#
+
<2
#
K
!-
]
<+
*
)
<M
)
#
2
)
+
.
]
<!L
<+
*
!"
<0
K
<

K
.
'
E
!L
M
D<M
)
#
2
)
+
.
]
<2
#
K
!-
!&
'
+
!#
L
"
<2
Q
"
+
<

$
)
<2
'
K
)
<+
#
<+
*
)
<2
'
"
+
)
.
<A
K
<2
#
K
)
(
<'
L
K
<

Q
"
)
K
<+
#
<Q
5
K
'
+
)
<+
*
!"
<K
.
'
E
!L
M
D

!--$(,!&'/%0/%1$/'+%,-%#'$1'&23%1!-&'2

L
#
+)
"
<^9?=@II<7;S@6Y

>I@<IG@:>R>@8_C

/_<'
==<?7;<8>O

@?I>7?@8<6H8>><`<O
HTD<4D/O

O

0_<'
6@H<R76<O

7=8<:Ha>;b<?9O
F@6<^c

c
_d<O
HTD<4D0O

O
<8@@Gd<?9O

F@6I<?7;<6H>I@8

A_<2
7=8<:7O

G79?8<7a@6I;H?8<>?<;S>I<H6@H<H==7Y
@8

J_<K
@a>:@<2

H6e>?Z<7?<FH:eI>8@<^R76<O
76@<>?R76O

H;>7?<I@@<8H;HIS@@;_

B_<.
@:7O

O
@?8@8<-77;G6>?;<^+7G<[

>@Y
_

&
*
'
L
M
)
<2
'
.
X
)
.
<E
!+*
<.
)
[
!"
!#
L

!

JDU
4D0

0_

4DA

OH
TD<

<W_

0D/B

/A
4D0

WDB
4D0

4DWB<^BT_

.
4
DB
<^B
T_

^4D
A_<
A_

/D/B
4D/B

4D0B
%4D4/
4D40
f

4DB
4D4B<^BT_

<-67?;I>8@

/DVJ
4D/B

/D0V<^JT_

BD4U
4D/B

J_

0DBJ
4D/B

BD1

AD0
4DW

4D4B

JD/
^

_JDA
/
4D4
B

4D/
B

^
TJB

_

AD0
B
4D4
B

^/44
_

^/44 _

^
4DVB_

^0D
BJ
_

^0DBJ_

^/D0V_

!"#

$%$

$

$

&

&

'

'

(

(

)

)

*

*

+

+

$

$

,

,

-

-

.

.

.
#
-
/
0
12
342
/
0
,15

"!61

"-
$71

"8
113

9$5
342
/
0
,15

$(

-
8
1-
:1.

4,;

.
$314<;;;;%0

0
%.
.
=

%4.
!0
12
"!#

2
"4$514!2

40
!77!0

1315
"

%4>!5
"34$2

?
71495#

@1-
3!#
2

%4?
12
15
$743#

715
$2
-
1"

7!2
1$5

A4
4444444444B4$2

?
/
7$5

A4

/
2
71""4#

38
15
C
!"14"91-

!>!1.

!"#

&4
DE

3!371

0
$315

!$7

.
5
$C
2
4,;

.
$314<;;;;%0

0
%.
.
=

8
F40
GHI

'J&(%JK%&+

>F4C
LMLINOPQ'J&(%JK%&'

%%%

R
>,5

%'&'K0
76

R
>,5

%'&'K0
76%J&

*A&

0
7-
%?
STOMSU41UHLIVLU45

W

9IDXGYU4#
GUPSVL

-
GQUDZ

LI

&4

!"#$
%&'()"#*

+,-./0.1--

*

JF&

3
8
!"
4.
#
-
/
0
1
2
3
4$
2
.
4$
2
;
4$
"
"
#
-
!$
3
1
.
4.
$
3
$
4

-
#
2
3
$
!2
4-
#
2
>
!.
1
2
3
!$
74!2

>
#
5
0
$
3
!#
2
43
8
$
3
4

!"
4$
[
$
?
#
43
1
-
8
2
#
7#
?
!1
"
49
5
#
9
1
5
3
;
F4#
2
7;
4

.
!"
-
7#
"
1
4#
5
4.
/
9
7!-
$
3
1
4>
#
5
4#
3
8
1
5
"
4$
"
4

$
/
3
8
#
5
!6
1
.
4,
;
4$
[
$
?
#
43
1
-
8
2
#
7#
?
!1
"
F

!"!#$%&'()*$+$#,'-%($*.,/'*&,!+

.
#
42
#
3
40
#
.
!>
;
43
8
1
4?
1
#
0
1
3
5
;
4!2
43
8
!"
4'.
4

.
5
$
C
!2
?
F4?
1
#
0
1
3
5
;
40
#
.
!>
!-
$
3
!#
2
"
40
/
"
3
4

,
1
40
$
.
1
43
#
43
8
1
40
$
"
3
1
5
4(.
40
#
.
1
74$
2
.
4

/
"
1
.
43
#
4/
9
.
$
3
1
43
8
!"
4.
5
$
C
!2
?
F

!--$(,!&'/%0/%1$/'+%,-%#'$1'&23%1!-&'2

$

-
8
$2
?
140

$5
:15

4C
!38
45
1[!"!#

2

>!7142
$0
1

5
1[

"3#
5
14.

$31

.
#
-
/
0
12
342
/
0
,15

R
>,5

%'&'K0
76%J&\$FSX]

$

;;;;%0
0
%.
.

R
>,5

%'&'K0
76%J&

5
1[

-
8
$2
?
1

.
$31

.
C
2

-
8
:

$

'J&(%JK%&^

2
L]
4.
IO]
SVT

8
F40
GHI

>F4C
LMLINOPQ

'=

&F&*
JF&*

(F'

JF+
JFJ*

)F̂
JF'

'F*)
JF&*

JF( <
=4(=

*FK

+F*
JF'

&(
JF'

)F& <
=

(F'*
JFJ

*

&JJ
&JJ

)F(&
JFJ*

JF&* <
W)*

=

JF'*
%JFJ&

JFJ'

_

2
#
31"4<GVPLQQ4DUHLI]

SQL4QNLYSESLX=A

&=4$PP4VDU4XSZ
LVQSDVLX4IOXSS4̀

4Z
OWF4JF&Z

Z

'=4$ILO4EDI4Z
DPX4YOaSUb4VGZ

MLI4<cc=d4Z
OWF4JF'Z

Z
4XLLNd4VGZ

MLIQ4VDU4IOSQLX

(=40
DPX4YDZ

NDGVX4DaLIQUOVX4SV4UHSQ4OILO4OPPD]
LX

)=4.
LaSYL40

OIeSVT4DV4MOYeQSXL4<EDI4Z
DIL4SVEDIZ

OUSDV4QLL4XOUOQHLLU=

*=45
LYDZ

Z
LVXLX4>DDUNISVU4<3DN4[SL]

=

JF+*4<*W=

)= 5
JF*4<*W=

4>IDVUQSXL

JF*
JFJ*4<*W=

&F'f4<)W=

*FJ^
JF&*

JF(
ZOW

F4
4+=

'F&*

&Ff)

<'F*
)=

<&F'f=

<'F*)=

<JFf*=

•  Maximum	
  POF	
  AIenua7on	
  =	
  0.26	
  dB/m	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  =>	
  10.4	
  dB	
  
•  Maximum	
  connec7on	
  loss	
  =	
  2.08	
  dB	
  /	
  connec7on	
  	
  	
  	
  =>	
  	
  	
  0.0	
  dB	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Total	
  	
  =>	
  	
  10.4	
  dB	
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Consumer link budget: 50 meters 
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min -6,7 dBm min -18,7 dBm

max 9,5 dBo
(50 m SI-POF
temp, aging)

SP2 SP3

! Red LED: AOP max. -1 dBm, min -6,7 dBm in temperature range, aging and optical 
alignment tolerances. ER min. 8 dB, max 12 dB

! Fiber attenuation: max. 0,19 dBo/meter considering aging under EMD launching 
condition ! 9,5 dBo for 50 m

! Inliner attenuation: max. 2,5 dBo / low cost inliner in temperature and aging

! RX sensitivity requirement for max. temperature: -18,7 dBm

E/O TX in
clear mold
package

O/E RX in
clear mold 
package

Optical
Connector

POF segment Optical
Connector
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max 2,5 dBo / inliner
(temp, aging)

•  Maximum	
  POF	
  AIenua7on	
  =	
  0.26	
  dB/m	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  =>	
  13.0	
  dB	
  
•  Maximum	
  connec7on	
  loss	
  =	
  2.08	
  dB	
  /	
  connec7on	
  	
  	
  	
  =>	
  	
  	
  2.1	
  dB	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Total	
  =>	
  	
  15.1	
  dB	
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Evalua7on	
  at	
  the	
  Op7cal	
  Signal	
  Level	

Characteristics	
 Subject	
 Status	


Transmission Loss 	


Base transmission loss We	
  have	
  enough	
  data	


 Loss increment due to the 
temperature and humidity	


Well	
  verified	


Transmission loss change 
due to the temperature 

dependence of light source	

Evalua7on	
  on	
  the	
  way	


Bandwidth	
 Launch	
  condi7on	
  dependence	
   We	
  have	
  some	
  data	


Connec7on	
  Loss	


Base	
  connec7on	
  loss	
  

Lateral	
  offset	


Tilt	


End	
  separa7on	


Environment	
  (Vibra7on,	
  
temperature,	
  etc.)	


14/09/09	
 IEEE	
  802.3	
  Interim	
  Mee7ng	
  in	
  OIawa	
 13	




 Temperature Dependence of 
 Emission Spectrum of the Light Source	
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Launch	
  Condi7on	
  with	
  FOT	


Launch	
  condi7on	
  with	
  
Hamamatsu	
  Photonics	
  

	
  P11379-­‐04AT	
  is	


 Higher	
  than	
  the	
  L.C.	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  for	
  POF	
  shipment	
  inspec7on	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Launch	
  NA	
  =	
  0.1)	
  
 Lower	
  than	
  typical	
  EMD	
  
	
  	
  	
  	
  	
  	
  	
  of	
  category	
  A4a.2	
  POF	
  	


Lower	
  
	
  	
  	
  modes	


Higher	
  
	
  	
  	
  modes	
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•  I will continue evaluating 

•  I need AVAGO Tx 

 

Thank you!	


14/09/09	
 IEEE	
  802.3	
  Interim	
  Mee7ng	
  in	
  OIawa	
 16	



