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■ #,&-%!5-+8-.,!=)*!($5,*')*!>#?!5,*=)*/-0+,

■ @ABB!0/!67!%-(,*!&*-0(/'&&,*!C'&D!-$&)/-&'+!)$&5$&!
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■ 9)C!5)C,*!;'(('5-&')0
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+,'H,*!'(!-!D'.DF(5,,;X!+)(&!,==,+&'H,!)5&'+-%!&*-0(F
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5'0)$&!+)0=)*/(!&)!-!/$%&'()$*+,!267!&*-0(+,'H,*!
-.*,,/,0&Q!

LD,!&*-0(/'&&,*!=,-&$*,(!-+F+)$5%,;!;'==,*,0&'-%!;-&-!
'05$&(Q!LD,!&*-0(/'&&,*!-%()!=,-&$*,(!-!LL9!%).'+!%,H,%!
;'(-M%,!'05$&!-0;!-!&*-0(/'&&,*!=-$%&!'0;'+-&)*!)$&5$&Q!!
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?3<,*104&L)M8(1(&G)08;2<

2&*,((,(!'0!,<+,((!)=!&D,!-M()%$&,!/-<'/$/!*-&'0.(!+-0!+-$(,!5,*/-0,0&!;-/-.,!&)!&D,!;,H'+,Q!LD,(,!-*,!-M()F
%$&,!(&*,((!*-&'0.(!)0%PQ!6$0+&')0-%!)5,*-&')0!)=!&D,!;,H'+,!'(!0)&!'/5%',;!-&!&D,(,!)*!-0P!)&D,*!+)0;'&')0(!'0!,<+,((!
)=!&D)(,!.'H,0!'0!&D,!)5,*-&')0(!(,+&')0(!)=!&D,!;-&-!(D,,&Q!><5)($*,!&)!-M()%$&,!/-<'/$/!*-&'0.(!=)*!,<&,0;,;!
5,*');(!+-0!-;H,*(,%P!-==,+&!;,H'+,!*,%'-M'%'&PQ

!"#$%.$C.??E&$NCC&;(&+#

#)-)(404- 'B(3,* L8; L)M O;80

2&)*-.,!L,/5,*-&$*,!T-0., L(&. [40 IJ °C
:-(,!L,/5,*-&$*,!T-0., L: B IJ °C
2$55%P!K)%&-., K::LX!T B AQI K

=)3*4&$J&G4/,((4;@4@&PH4-)08;2&F,;@808,;<

#)-)(404- 'B(3,* L8; =BH L)M O;80

:-(,!L,/5,*-&$*,!T-0., L: B W IJ °C
2$55%P!K)%&-., K::LX!T AQ@AJ W AQabJ K

c-&-!T-&, W W @QYJ W ]M'&(^(
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+43-1)-B&%CC% 782)380&90:4-;40&")<4-&=-);</48>4-

!"#$%.$C.??&$NCC&;(&+#&1+)0&'0$,;4

=-);</48>4-&PH08/)*&);@&9*4/0-8/)*&F:)-)/04-8<08/<&

@Q!L7Y!*,=,*(!&)!+)/5%'-0+,!5)'0&!(5,+'=',;!'0!IBYQAZX!(,+&')0!AIQYQ@Q
YQ!c'==,*,0&'-%!)5,*-&')0!'(!0,+,((-*P!=)*!)5&'/$/!5,*=)*/-0+,Q
AQ!LL9!+)/5-&'M%,!'0&,*=-+,Q
aQ!L'/,!=*)/!*'('0.!,;.,!)=!L<dc'(-M%,!&)!CD,0!&D,!)5&'+-%!)$&5$&!=-%%(!M,%)C!@Be!)=!0)/'0-%Q
JQ!L'/,!=*)/!=-%%'0.!,;.,!)=!L<dc'(-M%,!&)!CD,0!&D,!/);$%-&,;!)5&'+-%!)$&5$&!*'(,(!-M)H,!fBe!)=!0)/'0-%Q
bQ!L'/,!=*)/!=-$%&!&)!L<d6-$%&!)0Q
gQ!L'/,!L<dc'(-M%,!/$(&!M,!D,%;!D'.D!&)!*,(,&!L<d6-$%&Q

=)3*4&%J&=-);<(8004-&PH08/)*&);@&9*4/0-8/)*&F:)-)/04-8<08/<&1L:!h!B!S:!&)!IJ!S:X!K::!h!AQ@AJ!KWAQabJ!K4

#)-)(404- 'B(3,* L8; L)M O;80

R5&'+-%!R$&5$&!7)C,*V
3H,*-.,
c'(-M%,;

7R
7R!c?2

[fQJ
[

[A
[AJ

;E/
;E/

R5&'+-%!O-H,%,0.&D λ: @YIJ @AaA 0/

25,+&*-%!O';&D ∆λRMS W YQI 0/

cP0-/'+!><&'0+&')0!T-&') >GL f W ;E

R5&'+-%!R$&5$&!T'(,^6-%%!L'/,!1YBe[IBe4 &T^&6 W YbB 5(

L)&-%!L*-0(/'&&,*!`'&&,*!-;;,;!-&!L7Y@ L` W YYg 5(

T,%-&'H,!?0&,0('&P!\)'(, T?\ [ [@YB ;M^NZ

7)C,*!2$55%P!:$**,0& ?::L W @JB /3

?05$&!c-&-!K)%&-.,Wc'==,*,0&'-%Y K?\5F5 ABB @bBB /K5F5

L*-0(/'&!c'(-M%,!K)%&-.,A Kc K::![!@QA K:: K

L*-0(/'&!>0-M%,!K)%&-.,A K>\ K>> K>>!i!BQI K

L*-0(/'&!c'(-M%,!3((,*&!L'/,a &d)== W @B µs

L*-0(/'&!c'(-M%,!\,.-&,!L'/,J &d)0 W @ /(

L*-0(/'&!6-$%&!R$&5$&!K)%&-.,!9,H,% K63U9LN
K63U9L9

K::![!@QA
B

K::
BQJ

K
K

L*-0(/'&!6-$%&!3((,*&!L'/,b &d=-$%& W @BB µs

L*-0(/'&!6-$%&!T,(,&!L'/,g &d*,(,& @B W µs
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=-);</48>4-&PH08/)*&);@&9*4/0-8/)*&F:)-)/04-8<08/<&1+)0&'0$,;4

@Q!Yg![!@!7TE2!C'&D!-!E>T!)=!@!<!@B[@YQ
YQ!LD,!(&*,((,;!*,+,'H,*!(,0('&'H'&P!'(!/,-($*,;!$('0.!&D,!+)0=)*/-0+,!&,(&!('.0-%!;,='0,;!'0!IBYQAZX!(,+&')0!AIQbQ@@Q
AQ!c'==,*,0&'-%!)5,*-&')0!'(!0,+,((-*P!=)*!)5&'/$/!5,*=)*/-0+,Q
aQ!L'/,!=*)/!9R2!(&-&,!&)!T<!9R2!-((,*&Q
JQ!L'/,!=*)/!0)09R2!(&-&,!&)!T<!9R2!;,-((,*&Q

=)3*4&NJ&G4/48>4-&PH08/)*&);@&9*4/0-8/)*&F:)-)/04-8<08/<!1L:!h!B!S:!&)!IJ!S:X!K::!h!AQ@AJ!KWAQabJ!K4

#)-)(404- 'B(3,* L8; L)M O;80

3H,*-.,!2,0('&'H'&P@ 7? W [YB ;E/
2&*,((,;!T,+,'H,*!2,0('&'H'&PY 72LT>22 W [@aQa ;E/
#-<'/$/!?05$&!7)C,*@ 7#3G [A W ;E/
R5&'+-%!T,&$*0!9)(( RT9 @Y W ;E
7)C,*!2$55%P!:$**,0& ?::T W @JB /3
7)C,*!2$55%P!\)'(,!T,j,+&')0!T-&') 72\T W @BB /K
R$&5$&!c-&-Wc'==,*,0&'-%A KRUL5F5 aBB @YBB /K5F5
c-&-!R$&5$&!T'(,^6-%%!L'/, &T^&6 W @gJ 5(
9)((F)=F2'.0-%!K)%&-.,!9,H,% K9R2N

K9R29
K::![!@QA

B
K::
BQI

K
K

9)((F)=F2'.0-%!3((,*&!L'/,a &d%)((d)0 W @BB µ(
9)((F)=F2'.0-%!c,-((,*&!L'/,J &d%)((d)== W @BB µ(
9)((F)=F2'.0-%

3((,*&
c,-((,*&

79R23
79R2c

[Aa
[Aa

[YBQJ
[YB

;E/
;E/

9R2!NP(&,*,('( 7Nk2 BQJ b ;E
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=-);</48>4-&PH08/)*&);@&9*4/0-8/)*&F:)-)/04-8<08/<

@Q!L7Y!*,=,*(!&)!+)/5%'-0+,!5)'0&!(5,+'=',;!'0!IBYQAZX!(,+&')0!AIQYQ@Q
YQ!c'==,*,0&'-%!)5,*-&')0!'(!0,+,((-*P!=)*!)5&'/$/!5,*=)*/-0+,Q
AQ!LL9!+)/5-&'M%,!'0&,*=-+,Q
aQ!L'/,!=*)/!*'('0.!,;.,!)=!L<d!c'(-M%,!&)!CD,0!&D,!)5&'+-%!)$&5$&!=-%%(!M,%)C!@Be!)=!0)/'0-%Q
JQ!L'/,!=*)/!=-%%'0.!,;.,!)=!L<dc'(-M%,!&)!CD,0!&D,!/);$%-&,;!)5&'+-%!)$&5$&!*'(,(!-M)H,!fBe!)=!0)/'0-%Q
bQ!L'/,!=*)/!=-$%&!&)!L<d6-$%&!)0Q
gQ!L'/,!L<dc'(-M%,!/$(&!M,!D,%;!D'.D!&)!*,(,&!L<d6-$%&Q

=)3*4&TJ&G4/,((4;@4@&PH4-)08;2&F,;@808,;<

#)-)(404- 'B(3,* L8; =BH L)M O;80

:-(,!L,/5,*-&$*,!T-0., L: B W gB °C
2$55%P!K)%&-., K::LX!T AQ@AJ W AQabJ K

c-&-!T-&, W W @QYJ W ]M'&(^(

=)3*4&RJ&=-);<(8004-&PH08/)*&);@&9*4/0-8/)*&F:)-)/04-8<08/<&1L:!h!BS!:!&)!gBS!:X!K::!h!AQ@AJ!K![!AQabJ!K4

#)-)(404- 'B(3,* L8; L)M O;80

R5&'+-%!R$&5$&!7)C,*V
3H,*-.,
c'(-M%,;

7R
7R!c?2

[fQJ
W

B
[AJ

;E/
;E/

R5&'+-%!O-H,%,0.&D λ: IAB IJB 0/

25,+&*-%!O';&D ∆λRMS W BQIJ 0/

cP0-/'+!><&'0+&')0!T-&') >GL f W ;E

R5&'+-%!R$&5$&!T'(,^6-%%!L'/,!1YBe[IBe4 &T^&6 W YbB 5(

L)&-%!L*-0(/'&&,*!`'&&,*!-;;,;!-&!L7Y@ L` W YYg 5(

T,%-&'H,!?0&,0('&P!\)'(, T?\ W [@@g ;M^NZ

7)C,*!2$55%P!:$**,0& ?::L W @JB /3

?05$&!c-&-!K)%&-.,Wc'==,*,0&'-%Y K?\5F5 ABB @bBB /K5F5

L*-0(/'&!c'(-M%,!K)%&-.,A Kc K::![!@QA K:: K

L*-0(/'&!>0-M%,!K)%&-.,A K>\ B BQI K

L*-0(/'&!c'(-M%,!3((,*&!L'/,a &d)== W @B µs

L*-0(/'&!c'(-M%,!\,.-&,!L'/,J &d)0 W @ /(

L*-0(/'&!6-$%&!R$&5$&!K)%&-.,!9,H,% K63U9LN
K63U9L9

K::![!@QA
B

K::!
BQI

K
K

L*-0(/'&!6-$%&!3((,*&!L'/,b &d=-$%& W @BB µs

L*-0(/'&!6-$%&!T,(,&!L'/,g &d*,(,& @B W µs
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@Q!Yg![!@!7TE2!C'&D!-!E>T!)=!@!<!@B[@YQ
YQ!LD,!(&*,((,;!*,+,'H,*!(,0('&'H'&P!'(!/,-($*,;!$('0.!&D,!+)0=)*/-0+,!&,(&!('.0-%!;,='0,;!'0!IBYQAZX!(,+&')0!AIQbQ@@Q
AQ!c'==,*,0&'-%!)5,*-&')0!'(!0,+,((-*P!=)*!)5&'/$/!5,*=)*/-0+,Q
aQ!L'/,!=*)/!9R2!(&-&,!&)!T<!9R2!-((,*&Q
JQ!L'/,!=*)/!0)09R2!(&-&,!&)!T<!9R2!;,-((,*&Q

=)3*4&UJ&G4/48>4-&PH08/)*&);@&9*4/0-8/)*&F:)-)/04-8<08/<&1L:!h!BS!:!&)!gBS!:X!K::!h!AQ@AJ!K![!AQabJ!K4

#)-)(404- 'B(3,* L8; L)M O;80

3H,*-.,!2,0('&'H'&P@ 7? W [@g ;E/
2&*,((,;!T,+,'H,*!2,0('&'H'&PVY

bYQJ µ/!6'M,*
JB!µ/!6'M,*

72LT>22
72LT>22

W
W

[@YQJ
[@AQJ

;E/
;E/

#-<'/$/!?05$&!7)C,*@ 7#3G B W ;E/
R5&'+-%!T,&$*0!9)(( RT9 @Y W ;E
7)C,*!2$55%P!:$**,0& ?::T [ @JB /3
R$&5$&!c-&-Wc'==,*,0&'-%A KRUL5F5 AgB YBBB /K5F5
c-&-!R$&5$&!T'(,^6-%%!L'/, &T^&6 W YYB 5(
9)((F)=F2'.0-%!K)%&-.,!9,H,% K9R2N

K9R29
K::![!@QA

B
K::
BQI

K
K

9)((F)=F2'.0-%!3((,*&!L'/,a &d%)((d)0 W @BB µ(
9)((F)=F2'.0-%!c,-((,*&!L'/,J &d%)((d)== W @BB µ(
9)((!)=!2'.0-%

3((,*&
c,-((,*&

79R23
79R2c

[Aa
[Aa

[@gQJ
[@g

;E/
;E/

9R2!NP(&,*,('( 7Nk2 BQJ b ;E
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+821-4&$J&#,V4-&'1HH*B&+8*04-8;2&,D&!"#$%&'+#&=-);</48>4-

#8;&W;D,-()08,;

+821-4&%J&!"#$%&'+#&=-);</48>4-E&%C.#8;&F,;D821-)08,;E&=,H&S84V

VCCT

VCCR

SFP MODULE HOST BOARD

0.1!lF 10!lF 0.1!lF 10!lF

0.1!lF

1!lH

1!lH
3.3 V

@F@Yff!164

20

19

18

17

16

15

14

13

12

11

VEET

TD�

TD+

VEET

VCCT

VCCR

VEER

RD+

RD�

VEER

TOP OF BOARD

1

2

3

4

5

6

7

8

9

10

VEET

TX FAULT

TX DISABLE

MOD-DEF(2)

MOD-DEF(1)

MOD-DEF(0)

RATE SELECT

LOS

VEER

VEER

BOTTOM OF BOARD (AS VIEWED

  
THROUGH TOP OF BOARD) @F@YfI!164
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#8;&W;D,-()08,;!1+)0&'0$,;4

1. TX_Fault is an open collector/drain output, which should be pulled up with a 4.7 kΩ�10 kΩ resistor on the host board. Pull-up voltage 
between 2.0 V and VccT, R + 0.3 V. When high, output indicates a laser fault of some kind. Low indicates normal operation. In the low state, 
the output will be pulled to < 0.8 V.

2. TX _Disable is an input that is used to shut down the transmitter optical output. It is pulled up within the module with a 4.7 kΩ�10 kΩ resistor. 
Its states are as follows:
W!9)C!1B!KWBQI K4V!&*-0(/'&&,*!)0m!1nBQI!KX!o!YQB K4V!$0;,='0,;Q!
W!N'.D!1YQB!KWAQabJ K4V!&*-0(/'&&,*!;'(-M%,;Q!
W!R5,0V!&*-0(/'&&,*!;'(-M%,;Q

3. MOD-DEF 0, 1, 2. These are the module definition pins. They should be pulled up with a 4.7 kΩ�10 kΩ resistor on the host board. The pull-
up voltage will be VccT or VccR:
W!#RcFc>6!B!'(!.*)$0;,;!MP!&D,!/);$%,!&)!'0;'+-&,!&D-&!&D,!/);$%,!'(!5*,(,0&Q!
W!#RcFc>6!@!'(!&D,!+%)+8!%'0,!)=!&C)FC'*,!(,*'-%!'0&,*=-+,!=)*!(,*'-%!?cQ!
W!#RcFc>6!Y!'(!&D,!;-&-!%'0,!)=!&C)FC'*,!(,*'-%!'0&,*=-+,!=)*!(,*'-%!?cQ

aQ!LD,!*-&,F(,%,+&!)5&')0!'(!0)&!'/5%,/,0&,;Q!LD'(!5'0!(D)$%;!0)&!M,!+)00,+&,;!)0!&D,!D)(&!M)-*;Q
5. LOS (loss of signal) is an open collector/drain output, which should be pulled up with a 4.7 kΩ�10 kΩ resistor. Pull-up voltage between 2.0 V 

and VccT, R + 0.3 V. When high, this output indicates the received optical power is below the worst-case receiver sensitivity (as defined by 
the standard in use). Low indicates normal operation. In the low state, the output will be pulled to < 0.8 V.

bQ!K>>T!-0;!K>>L!/-P!M,!'0&,*0-%%P!+)00,+&,;!C'&D'0!&D,!267!/);$%,Q
gQ!Tc[^iV!LD,(,!-*,!&D,!;'==,*,0&'-%!*,+,'H,*!)$&5$&(Q!LD,P!-*,!-+F+)$5%,;!@BB!Ω!;'==,*,0&'-%!%'0,(X!CD'+D!(D)$%;!M,!&,*/'0-&,;!C'&D!@BB!Ω!1;'=F

=,*,0&'-%4!-&!&D,!$(,*!2>Tc>2Q!LD,!-+!+)$5%'0.!'(!;)0,!'0(';,!&D,!/);$%,!-0;!'(!&D$(!0)&!*,p$'*,;!)0!&D,!D)(&!M)-*;Q!
IQ!K::T!-0;!K::L!-*,!&D,!*,+,'H,*!-0;!&*-0(/'&&,*!5)C,*!($55%',(Q!OD,0!&D,!*,+)//,0;,;!($55%P!='%&,*'0.!0,&C)*8!'(!$(,;X!D)&!5%$..'0.!)=!&D,!

267!&*-0(+,'H,*!/);$%,!C'%%!*,($%&!'0!-0!'0*$(D!+$**,0&!)=!0)!/)*,!&D-0!AB /3!.*,-&,*!&D-0!&D,!(&,-;P!(&-&,!H-%$,Q!K::T!-0;!K::L!/-P!M,!
'0&,*0-%%P!+)00,+&,;!C'&D'0!&D,!267!&*-0(+,'H,*!/);$%,Q

fQ!Lc[^iV!LD,(,!-*,!&D,!;'==,*,0&'-%!&*-0(/'&&,*!'05$&(Q!LD,P!-*,!-+F+)$5%,;X!;'==,*,0&'-%!%'0,(!C'&D!@BB!Ω ;'==,*,0&'-%!&,*/'0-&')0!'0(';,!&D,!/);F
$%,Q!LD,!-+!+)$5%'0.!'(!;)0,!'0(';,!&D,!/);$%,!-0;!'(!&D$(!0)&!*,p$'*,;!)0!&D,!D)(&!M)-*;Q

=)3*4&XJ&=-);</48>4-&#8;&A4</-8H08,;<

#8;&
!1(34-

'B(3,* +1;/08,;)*&
A4</-8H08,;

#*12
'4Y14;/4

!,04<

@ K,,L L*-0(/'&&,*!]*)$0; @ W
Y LG!6-$%& L*-0(/'&&,*!6-$%&!?0;'+-&')0 A !2,,!\)&,!@Q
A LG!c'(-M%, L*-0(/'&&,*!c'(-M%, A !2,,!\)&,!YX

!#);$%,!c'(-M%,(!)0!N'.D!)*!R5,0
a #RcFc>6Y #);$%,!c,='0'&')0!Y A !2,,!\)&,!AX

LC)FO'*,!2,*'-%!?c!?0&,*=-+,
J #RcFc>6@ #);$%,!c,='0'&')0!@ A !2,,!\)&,!AX

LC)FO'*,!2,*'-%!?c!?0&,*=-+,
b #RcFc>6B #);$%,!c,='0'&')0!B A !2,,!\)&,!AX!]*)$0;,;!'0!#);$%,
g T-&,!2,%,+& 2,%,+&!E,&C,,0!6$%%!)*!T,;$+,;

T,+,'H,*!E-0;C';&D
A !2,,!\)&,!aQ

I 9R2 9)((!)=!2'.0-% A !2,,!\)&,!JQ
f K>>T T,+,'H,*!]*)$0; @ !2,,!\)&,!bQ
@B K>>T T,+,'H,*!]*)$0; @ !2,,!\)&,!bQ
@@ K>>T T,+,'H,*!]*)$0; @ !2,,!\)&,!bQ
@Y Tc[ ?0HQ!T,+,'H,;!c-&-!R$& A !2,,!\)&,!gQ
@A Tci T,+,'H,;!c-&-!R$& A !2,,!\)&,!gQ
@a K>>T T,+,'H,*!]*)$0; @ !2,,!\)&,!bQ
@J K::T T,+,'H,*!7)C,* Y !2,,!\)&,!IQ
@b K::L L*-0(/'&&,*!7)C,* Y !2,,!\)&,!IQ
@g K>>L L*-0(/'&&,*!]*)$0; @ !2,,!\)&,!bQ
@I Lci L*-0(/'&!c-&-!?0 A !2,,!\)&,!fQ
@f Lc[ ?0HQ!L*-0(/'&!c-&-!?0 A !2,,!\)&,!fQ
YB K>>L L*-0(/'&&,*!]*)$0; @ !2,,!\)&,!bQ
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?@>);/4&A)0)&':440 !"#$%&'#((!"#$%&'()**&+,-(.+)/0,-&#*122)3*4&5'+#6
+43-1)-B&%CC% 782)380&90:4-;40&")<4-&=-);</48>4-

9*4/0-8/)*&'/:4()08/

+821-4&NJ&9M)(H*4&'+#&Z,<0&K,)-@&'/:4()08/

=-);</48>4-&=8(8;2&F:)-)/04-8<08/<

@Q!:)0;'&')0V!=*)/!5)C,*!)0!)*!0,.-&')0!)=!L<d6-$%&!$('0.!L<dc'(-M%,Q

=)3*4&QJ&=-);</48>4-&=8(8;2&F:)-)/04-8<08/<

#)-)(404- 'B(3,* F,;@808,; L8; L)M O;80

L'/,!&)!?0'&'-%'Z,X!?0+%$;'0.!T,(,&
)=!L<d6-$%&

&d'0'& W@ W ABB /(

2,*'-%!?c!:%)+8!T-&, =F(,*'-%F+%)+8 W W @BB 8NZ

PROTOCOL IC

PROTOCOL VCC

TX_DISABLE

TX_FAULT

RX_LOS

RX_RATE

SERDES IC

PLD/PAL

PROTOCOL VCC

3.3 V

SFP MODULE

100 Ω

3.3 V

MOD_DEF 0 MOD_DEF 1 MOD_DEF 2

TX_DISABLE

TX_FAULT

TD +

TD �

GND, T

10 µF

RD +

RD �

RX_RATE

GND, R

PREAMP

LASER

VCC, T0.1 µF

10 µF
0.1 µF

1 µH

0.1 µF

0.1 µF

0.1 µF

0.1 µF

100 Ω

VCC, R

AND
QUANTIZER

DRIVER

10 kΩ

4.7 kΩ�10 kΩ

4.7 kΩ�
10 kΩ4.7 kΩ�

4.7 kΩ�10 kΩ

1 µH

RX_LOS

0.1 µF4.7 kΩ�10 kΩ

4.7 kΩ�10 kΩ

@F@ABB6
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!"#$%&'#((!"#$%&'()**&+,-(.+)/0,-&#*122)3*4&5'+#6 ?@>);/4&A)0)&':440
782)380&90:4-;40&")<4-&=-);</48>4- +43-1)-B&%CC%

=-);</48>4-&=8(8;2&F:)-)/04-8<08/<&
1+)0&'0$,;4

#);$%,!'0(&-%%,;!,<+,5&!CD,*,!0)&,;Q

+821-4&TJ&0[8;80\&=M[AW'?K"9&!42)04@

+821-4&RJ&0[8;80\&=M[AW'?K"9&?<<4-04@

+821-4&UJ&0[8;80\&=M[AW'?K"9&!42)04@&L,@1*4
Z,0&#*1224@

+821-4&XJ&0[,DD&);@&0[,;\&=M[AW'?K"9&?<<4-04@&
=:4;&!42)04@

+821-4&QJ&0[D)1*0\&=M&+?O"=&?<<4-04@E&=M&'82;)*&
!,0&G4/,>4-4@&

q!267!C'%%!+%,-*!L<d63U9L!?\!o&d'0'&!'=!&D,!=-'%$*,!'(!&*-0(',0&Q

+821-4&]J&0[-4<40\&=M&A8<)3*4&?<<4-04@&=:4;&
!42)04@E&=M&'82;)*&G4/,>4-4@

q!267!C'%%!+%,-*!L<d63U9L!?\!o&d'0'&!'=!&D,!=-'%$*,!'(!&*-0(',0&Q

+821-4&$CJ&0[D)1*0\&=M&A8<)3*4&?<<4-04@&=:4;&
!42)04@E&=M&'82;)*&!,0&G4/,>4-4@

+821-4&$$J&0[*,<<[,;&);@&0[*,<<.,DD

t_init

VCC > 3.15 V

TX_FAULT

TX_DISABLE

TRANSMITTED SIGNAL

t_init

VCC > 3.15 V

TX_FAULT

TX_DISABLE

TRANSMITTED SIGNAL

t_init

VCC > 3.15 V

TX_FAULT

TX_DISABLE

TRANSMITTED SIGNAL

INSERTION

t_off

TX_FAULT

TX_DISABLE

TRANSMITTED SIGNAL

t_on

t_fault

OCCURANCE OF FAULT

TX_DISABLE

TRANSMITTED SIGNAL

TX_FAULT

t_reset

OCCURANCE OF FAULT

TX_DISABLE

TRANSMITTED SIGNAL

TX_FAULT

t_init*

t_reset

OCCURANCE OF FAULT

TX_DISABLE

TRANSMITTED SIGNAL

TX_FAULT

t_init*

t_fault

t_loss_on

OPTICAL SIGNAL

LOS

OCCURANCE
OF LOSS

t_loss_off

@F@AB@!164

@F@ABA164

@F@ABY164

@F@ABa!164

@F@ABJ164

@F@ABb!164

@F@ABg!164

@F@ABI!164
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?@>);/4&A)0)&':440 !"#$%&'#((!"#$%&'()**&+,-(.+)/0,-&#*122)3*4&5'+#6
+43-1)-B&%CC% 782)380&90:4-;40&")<4-&=-);</48>4-

99#GPL&W;D,-()08,;

@Q!3;;*,((,(!bIWIA!(5,+'=P!-!$0'p$,!;,H'+,!(,*'-%!0$/M,*Q
YQ!3;;*,((,(!IaWf@!(5,+'=P!&D,!;-&,!+);,!'0!&D,!=)*/!)=!&C)F;'.'&!P,-*X!&C)F;'.'&!/)0&DX!-0;!&C)F;'.'&!;-P!)=!&D,!/)0&DQ
AQ!3;;*,((,(!bA!-0;!fJ!-*,!+D,+8($/(Q!3;;*,((!bA!'(!&D,!+D,+8($/!=)*!MP&,(!BWbYX!-0;!-;;*,((!fJ!'(!&D,!+D,+8($/!=)*!MP&,(!baWfaQ
aQ!#23F;,='0,;X!H,0;)*F(5,+'='+!;-&-X!*,-;!)0%PQ
JQ!3;;*,((,(!JbWJf!(5,+'=P!/);$%,!*,H'(')0!%,H,%Q

=)3*4&]J&99#GPL&'4-8)*&WA&L4(,-B&F,;04;0<E&$CCCK?'9."^&S4-<8,;

?@@-4<< Z4M ?'FWW ?@@-4<< Z4M ?'FWW ?@@-4<< Z4M ?@@-4<< Z4M

B A W Aa YB W bI \)&,!@ fI \)&,!a

@ a W AJ YB W bf \)&,!@ ff \)&,!a

Y g W Ab B W gB \)&,!@ @BB \)&,!a

A B W Ag B W g@ \)&,!@ @B@ \)&,!a

a B W AI B W gY \)&,!@ @BY \)&,!a

J B W Af B W gA \)&,!@ @BA \)&,!a

b Y W aB a> \ ga \)&,!@ @Ba \)&,!a

g B W a@ a: 9 gJ \)&,!@ @BJ \)&,!a

I B W aY JB 7 gb \)&,!@ @Bb \)&,!a

f B W aA A@ @ gg \)&,!@ @Bg \)&,!a

@B B W aa AY Y gI \)&,!@ @BI \)&,!a

@@ @ W aJ Yc W gf \)&,!@ @Bf \)&,!a

@Y Bc W ab A@ @ IB \)&,!@ @@B \)&,!a

@A B W ag AB B I@ \)&,!@ @@@ \)&,!a

@a B3 W aI Yc W IY \)&,!@ @@Y \)&,!a

@J ba W af a@ 3 IA \)&,!@ @@A \)&,!a

@b B W JB a@ 3 Ia \)&,!Y @@a \)&,!a

@g B W J@ YB W IJ \)&,!Y @@J \)&,!a

@I B W JY YB W Ib \)&,!Y @@b \)&,!a

@f B W JA YB W Ig \)&,!Y @@g \)&,!a

YB a@ 3 Ja YB W II \)&,!Y @@I \)&,!a

Y@ ag ] JJ YB W If \)&,!Y @@f \)&,!a

YY aJ > Jb \)&,!J W fB YB @YB \)&,!a

YA JY T Jg \)&,!J W f@ YB @Y@ \)&,!a

Ya aJ > JI \)&,!J W fY B @YY \)&,!a

YJ YB W Jf \)&,!J W fA B @YA \)&,!a

Yb JA 2 bB B W fa B @Ya \)&,!a

Yg Jf k b@ B W fJ \)&,!A @YJ \)&,!a

YI JA 2 bY B W fb \)&,!a @Yb \)&,!a

Yf Ja L bA \)&,!A W fg \)&,!a @Yg \)&,!a

AB aJ > ba B W

A@ ac # bJ @3 W

AY JA 2 bb B W

AA YB W bg B W
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!"#$%&'#((!"#$%&'()**&+,-(.+)/0,-&#*122)3*4&5'+#6 ?@>);/4&A)0)&':440
782)380&90:4-;40&")<4-&=-);</48>4- +43-1)-B&%CC%

99#GPL&W;D,-()08,;&1+)0&'0$,;4

@Q!3;;*,((,(!bIWIA!(5,+'=P!-!$0'p$,!;,H'+,!(,*'-%!0$/M,*Q
YQ!3;;*,((,(!IaWf@!(5,+'=P!&D,!;-&,!+);,!'0!&D,!=)*/!)=!&C)F;'.'&!P,-*X!&C)F;'.'&!/)0&DX!-0;!&C)F;'.'&!;-P!)=!&D,!/)0&DQ
AQ!3;;*,((,(!bA!-0;!fJ!-*,!+D,+8($/(Q!3;;*,((!bA!'(!&D,!+D,+8($/!=)*!MP&,(!BWbYX!-0;!-;;*,((!fJ!'(!&D,!+D,+8($/!=)*!MP&,(!baWfaQ
aQ!#23F;,='0,;X!H,0;)*F(5,+'='+!;-&-X!*,-;!)0%PQ
JQ!3;;*,((,(!JbWJf!(5,+'=P!/);$%,!*,H'(')0!%,H,%Q

=)3*4&$CJ&99#GPL&'4-8)*&WA&L4(,-B&F,;04;0<E&$CCCK?'9.'^&S4-<8,;

?@@-4<< Z4M ?'FWW ?@@-4<< Z4M ?'FWW ?@@-4<< Z4M ?@@-4<< Z4M

B A W Aa YB W bI \)&,!@ fI \)&,!a

@ a W AJ YB W bf \)&,!@ ff \)&,!a

Y g W Ab B W gB \)&,!@ @BB \)&,!a

A B W Ag B W g@ \)&,!@ @B@ \)&,!a

a B W AI B W gY \)&,!@ @BY \)&,!a

J B W Af B W gA \)&,!@ @BA \)&,!a

b @ W aB a> \ ga \)&,!@ @Ba \)&,!a

g B W a@ a: 9 gJ \)&,!@ @BJ \)&,!a

I B W aY JB 7 gb \)&,!@ @Bb \)&,!a

f B W aA A@ @ gg \)&,!@ @Bg \)&,!a

@B B W aa AY Y gI \)&,!@ @BI \)&,!a

@@ @ W aJ Yc W gf \)&,!@ @Bf \)&,!a

@Y Bc W ab AB B IB \)&,!@ @@B \)&,!a

@A B W ag A@ @ I@ \)&,!@ @@@ \)&,!a

@a B W aI Yc W IY \)&,!@ @@Y \)&,!a

@J B W af a@ 3 IA \)&,!@ @@A \)&,!a

@b @E W JB a@ 3 Ia \)&,!Y @@a \)&,!a

@g Ag W J@ YB W IJ \)&,!Y @@J \)&,!a

@I B W JY YB W Ib \)&,!Y @@b \)&,!a

@f B W JA YB W Ig \)&,!Y @@g \)&,!a

YB a@ 3 Ja YB W II \)&,!Y @@I \)&,!a

Y@ ag ] JJ YB W If \)&,!Y @@f \)&,!a

YY aJ > Jb \)&,!J W fB YB @YB \)&,!a

YA JY T Jg \)&,!J W f@ YB @Y@ \)&,!a

Ya aJ > JI \)&,!J W fY B @YY \)&,!a

YJ YB W Jf \)&,!J W fA B @YA \)&,!a

Yb JA 2 bB B W fa B @Ya \)&,!a

Yg Jf k b@ B W fJ \)&,!A @YJ \)&,!a

YI JA 2 bY B W fb \)&,!a @Yb \)&,!a

Yf Ja L bA \)&,!A W fg \)&,!a @Yg \)&,!a

AB aJ > ba B W

A@ ac # bJ @3 W

AY JA 2 bb B W

AA YB W bg B W



@A3.,*,!2P(&,/(!?0+Q

?@>);/4&A)0)&':440 !"#$%&'#((!"#$%&'()**&+,-(.+)/0,-&#*122)3*4&5'+#6
+43-1)-B&%CC% 782)380&90:4-;40&")<4-&=-);</48>4-

9*4/0-,<0)08/&A8</:)-24

F)108,;\ =:8<&@4>8/4&8<&<1</4H083*4&0,&@)()24&)<&
)&-4<1*0&,D&4*4/0-,<0)08/&@8</:)-24&59'A6J&
=)I4&H-,H4-&H-4/)108,;<&@1-8;2&3,0:&
:);@*8;2&);@&04<08;2J&+,**,V&)*+#

"('0);.
@)-@&)*+.U%RJ

3%&D)$.D!5*)&,+&')0!+'*+$'&*P!'(!;,('.0,;!'0&)!&D,!
;,H'+,X!&-8,!5*)5,*!5*,+-$&')0(!&)!-H)';!,<5)($*,!&)!
>2cQ

Agere Systems employs a human-body model (HBM) 
for ESD susceptibility testing and protection-design 
evaluation. ESD voltage thresholds are dependent on 
the critical parameters used to define the model. A 
standard HBM (resistance = 1.5 kΩ, capacitance = 
100 pF) is widely used and, therefore, can be used for 
comparison purposes. The HBM ESD threshold estab-
lished for the NLP12 is ±1000 V.

_1)*8D8/)08,;&);@&G4*8)38*80B

L)!D,%5!,0($*,!D'.D!5*);$+&!*,%'-M'%'&P!-0;!+$(&)/,*!
(-&'(=-+&')0X!3.,*,!2P(&,/(!'(!+)//'&&,;!&)!-0!'0&,0F
('H,!p$-%'&P!5*).*-/!&D-&!(&-*&(!'0!&D,!;,('.0!5D-(,!
-0;!5*)+,,;(!&D*)$.D!&D,!/-0$=-+&$*'0.!5*)+,((Q!
R5&),%,+&*)0'+!/);$%,(!-*,!p$-%'=',;!&)!3.,*,!2P(F
&,/(_!'0&,*0-%!(&-0;-*;(!-(!C,%%!-(!)&D,*!-55*)5*'-&,!
'0;$(&*P!(&-0;-*;(!$('0.!#?9F2LcFIIA!&,(&!/,&D);(!
-0;!5*)+,;$*,(X!-0;!$('0.!(-/5%'0.!&,+D0'p$,(!+)0F
('(&,0&!C'&D!$%&'()*+,#$%'-.(&(/+%0#r!*,p$'*,/,0&(Q

?0!-;;'&')0X!3.,*,!2P(&,/(!D-(!M,,0!+,*&'=',;!&)!M,!'0!
=$%%!+)/5%'-0+,!C'&D!&D,!%-&,(&!!12#

"!fBB@!s$-%'&P!2P(F
&,/!2&-0;-*;(Q

=)3*4&$$J&G421*)0,-B&F,(H*8);/4

+4)01-4 =4<0&L40:,@ #4-D,-();/4
9-(,*!>P,!2-=,&P UQ2Q!Y@!:6T!1`4!@BaBQ@B!-0;!

@BaBQ@@X!!"3#
"!bBIYJF@!@fIIX

!"3!bBIYJFY!@ffg

:cTN!+)/5%'-0&!-0;!:%-((!@!%-(,*!
(-=,Q!6c3!3++,((')0!\$/M,*!

B@Y@JfAFBY!1\97@YF@B4

>%,+&*)(&-&'+!c'(+D-*.,!1>2c4!&)!
>%,+&*'+-%!7'0(

#?9F2Lc!IIA:X!#,&D);!AB@JQa :%-((!@!1n!@BBB!K4

>%,+&*)(&-&'+!c'(+D-*.,!1>2c4!&)!
R5&'+-%!:)00,+&)*

!"3!b@BBBFaFYm!@fff O'&D(&-0;!;'(+D-*.,(!)=!@J!8K!$('0.!
-!D$/-0FM);P!/);,%!5*)M,

>%,+&*)/-.0,&'+!?0&,*=,*,0+,!1>#?4 6::!7-*&!@J!2$M5-*&!`!:%-((!EX!
:?27T!YYV!@ffgX!>\!JJBYYV!@ffI!

:%-((!EX!K::?!:%-((!?

:)/5%'-0&!C'&D!(&-0;-*;(

?//$0'&P !"3!b@BBBFaFAF@ffI 9,((!&D-0!@ ;E!+D-0.,!'0!*,+,'H,*!
(,0('&'H'&P!C'&D!=',%;!(&*,0.&D!)=!

A!K^/!T#2X!=*)/!@B #NZ!&)!@ ]NZQ
:)/5)0,0& 45#

"!@fJBX!:23!:YYQY!tfJBX#
!"3!bBfJBV!@fff

W

6%-//-M'%'&P 45!fa!KFB W
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P10*8;4&A-)V8;2<

c'/,0(')0(!-*,!'0!'0+D,(!-0;!1/'%%'/,&,*(4Q

#)/I)24&P10*8;4

G4/,((4;@4@&#);4*&PH4;8;2

0.425
(10.80)

0.217
(5.50)

0.246
(6.25)

0.343
(8.70)

0.335
(8.50)

0.528
(13.40)

0.539
(13.70)

0.551
(14.0)

2.224
(56.50)

@F@A@Y!164

SECTION Y-Y
0.02
(0.4 ± 0.1)
BEZEL OPENING
BELOW PC BOARD

0.39 (10) REF0.41

0.14 (3.5 ± 0.3)

0.07 ± 0.4
(1.7 ± 0.9)

(10.4 ± 0.1)

Y

Y
0.60

(15.25 ± 0.1)

0.640
(16.25 ± 0.1)

@F@ABf!164
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?@>);/4&A)0)&':440 !"#$%&'#((!"#$%&'()**&+,-(.+)/0,-&#*122)3*4&5'+#6
+43-1)-B&%CC% 782)380&90:4-;40&")<4-&=-);</48>4-

P10*8;4&A-)V8;2<&1+)0&'0$,;4

c'/,0(')0(!-*,!'0!'0+D,(!-0;!1/'%%'/,&,*(4Q

#-8;04@&`8-8;2&K,)-@&")B,10

\)&,(V

@Q!c-&$/!-0;!M-('+!;'/,0(')0(!,(&-M%'(D,;!MP!+$(&)/,*Q
YQ!7-;(!-0;!H'-(!-*,!+D-(('(!.*)$0;Q
AQ!LD*)$.D!D)%,(X!5%-&'0.!)5&')0-%Q

 Ø 0.1 L X SA

10 HOLES

Ø (1.05 ± 0.05)
Ø 0.04

0.64
(16.25)

0.56
(14.25)

0.44
(11.08)

0.34
(8.58)

0.22
(5.68)

0.08
(2.0

11 PLACES

1.06
(26.8)

1.63
(41.3)

1.67
(42.3)

0.39
(10.0)

0.20
(5.0)

THIS AREA DENOTES
COMPONENT KEEP-OUT

(TRACES ALLOWED)

0.08
(2.0)

3 PLACES

11 PLACES

 Ø 0.1 L X SA

9 HOLES

Ø (0.95 ± 0.05)
Ø 0.04

0.07
(1.7)

0.47
(11.93)

0.38
(9.6)

0.19
(4.8)

0.33
(8.48)

0.07
(1.7)

0.14
(3.68)

 Ø 0.1 S X Y

-A-

Ø (0.85 ± 0.05)
Ø 0.03

-X-

-Y-

BSC

-B-

SEE DETAIL X

0.39
(10.00)

1.36
(34.5)

0.28
(7.2)

0.28
(7.1)

(2.5)
0.10
(2.5)

3 PLACES

0.10
CROSS-HATCHED

AREA DENOTES
COMPONENT AND
TRACE KEEP-OUT
(EXCEPT CHASSIS

GROUND)

PIN 1

SEE NOTE 1

SEE NOTE 1

SEE NOTE 2

SEE NOTE 3

SEE NOTE 2

SEE NOTE 2

@F@A@@6



@b 3.,*,!2P(&,/(!?0+Q

!"#$%&'#((!"#$%&'()**&+,-(.+)/0,-&#*122)3*4&5'+#6 ?@>);/4&A)0)&':440
782)380&90:4-;40&")<4-&=-);</48>4- +43-1)-B&%CC%

P10*8;4&A-)V8;2<&1+)0&'0$,;4

c'/,0(')0(!-*,!'0!'0+D,(!-0;!1/'%%'/,&,*(4Q

#-8;04@.`8-8;2&K,)-@&")B,10&1+)0&'0$,;4

\)&,V!LD*)$.D!D)%,(X!5%-&'0.!)5&')0-%Q

0.06 S S SBA

TYP

0.08
(2 ± 0.05)

0.06 L S SBA

20 PLACES

0.20
(0.5 ± 0.03)

0.03
(0.8) 9 PLACES

0.41
(10.53)

0.47
(11.93)

DETAIL X

 Ø 0.1 L S SBA

2 HOLES

Ø (1.55 ± 0.05)
 Ø 0.06

0.43
(10.93) 0.38

(9.6)

0.20
(5.0)

0.04
(0.9)

0.13
(3.2)

0.03
(0.8) 9 PLACES

1

10

20

11

SEE NOTE

@F@A@B6



3.,*,!2P(&,/(!?0+Q!*,(,*H,(!&D,!*'.D&!&)!/-8,!+D-0.,(!&)!&D,!5*);$+&1(4!)*!'0=)*/-&')0!+)0&-'0,;!D,*,'0!C'&D)$&!0)&'+,Q!\)!%'-M'%'&P!'(!-(($/,;!-(!-!*,($%&!)=!&D,'*!$(,!)*!-55%'+-&')0Q!6%75+/-7
'(!-!*,.'(&,*,;!&*-;,/-*8!)=!3.,*,!2P(&,/(!?0+Q

:)5P*'.D&!u!YBBY!3.,*,!2P(&,/(!?0+Q
3%%!T'.D&(!T,(,*H,;

6,M*$-*P!YBBY
c2B@FA@BR7LR

6)*!-;;'&')0-%!'0=)*/-&')0X!+)0&-+&!P)$*!3.,*,!2P(&,/(!3++)$0&!#-0-.,*!)*!&D,!=)%%)C'0.V
?\L>T\>LV :00H\aaVVVJ)24-4J/,(
>F#3?9V @,/()<04-b)24-4J/,(
\Q!3#>T?:3V 3.,*,!2P(&,/(!?0+QX!JJJ!U0')0!E)$%,H-*;X!T))/!AB9F@J7FE3X!3%%,0&)C0X!73!@I@BfFAYIb

$.QCC.NX%.%TTXX!63G!b@BFg@YFa@Bb!1?0!:3\3c3V!$.QCC.RRN.%TTQX!63G!b@BFg@YFa@Bb4
32?3V 3.,*,!2P(&,/(!N)0.!v)0.!9&;QX!2$'&,(!AYB@!w!AY@BF@YX!AY^6X!L)C,*!YX!LD,!]-&,C-PX!N-*M)$*!:'&PX!v)C%))0

=4*J&5QR%6&N$%].%CCCX!63G!1IJY4!A@YfFYBYB
:N?\3V!5QU6&%$.RCTX.$%$%!12D-0.D-'4X!5QU6&$C.UR%%.RRUU!1E,'j'0.4X!5QU6&XRR.U]R.X%%T!12D,0ZD,04
`373\V!5Q$6&N.RT%$.$UCC!1L)8P)4X!vRT>3V!5Q%6&%.XUX.$QRC!12,)$%4X!2?\]37RT>V!5UR6&XXQ.QQNNX!L3?O3\V!5QQU6&%.%X%R.RQRQ!1L-'5,'4

>UTR7>V =4*J&5TT6&XCCC&U%TU%TX!63G!1aa4!@Aaa!aII!BaJ

?@>);/4&A)0)&':440 !"#$%&'#((!"#$%&'()**&+,-(.+)/0,-&#*122)3*4&5'+#6
+43-1)-B&%CC% 782)380&90:4-;40&")<4-&=-);</48>4-

")<4-&')D40B&W;D,-()08,;

F*)<<&W&")<4-&#-,@1/0

3%%!H,*(')0(!)=!&D,!&*-0(+,'H,*!-*,!:%-((!?!%-(,*!5*);$+&(!5,*!:cTNX!Y@!:6T!@BaB!9-(,*!2-=,&P!*,p$'*,/,0&(Q!3%%!
H,*(')0(!-*,!:%-((!?!%-(,*!5*);$+&(!5,*!!"3!IYJF@V@ffAQ!LD,!&*-0(+,'H,*!C'%%!M,!+%-(('=',;!C'&D!&D,!6c3!$0;,*!
3++,((')0!\$/M,*!B@Y@JfAFBY!1\97@YF@B4Q

F?O=WP!\&O<4&,D&/,;0-,*<E&)@c1<0(4;0<E&);@&H-,/4@1-4<&,0:4-&0:);&0:,<4&<H4/8D84@&:4-48;&()B&-4<1*0&8;&
:)d)-@,1<&*)<4-&-)@8)08,;&4MH,<1-4J

LD'(!5*);$+&!+)/5%',(!C'&D!Y@!:6T!@BaBQ@B!-0;!@BaBQ@@Q
Wavelength = 1310 0/!1@BBBE32>F9G!H,*(')04
Wavelength = 850 0/!1@BBBE32>F2G!H,*(')04
#-<'/$/!5)C,*!h!@QJI!/O

E,+-$(,!)=!('Z,!+)0(&*-'0&(X!%-(,*!(-=,&P!%-M,%'0.!'(!0)&!-=='<,;!&)!&D,!/);$%,!M$&!'(!-&&-+D,;!&)!&D,!)$&(';,!)=!&D,!
(D'55'0.!+-*&)0Q
7*);$+&!'(!0)&!(D'55,;!C'&D!5)C,*!($55%PQ

!,08/4
O;04-(8;)04@&,H08/)*&-4/4H0)/*4<&()B&4(80&*)<4-&-)@8)08,;J

A,&;,0&>84V&V80:&,H08/)*&8;<0-1(4;0<.

P-@4-8;2&W;D,-()08,;

A4</-8H08,; A4>8/4&F,@4 F,(/,@4
267!9:!T,+,5&-+%,!L*-0(+,'H,*!=)*!@QYJ!]M'&(^(!J!8/!

@BBBE32>F9G!-55%'+-&')0(
\97@YF@BF33 gBBB@BbAI

267!9:!T,+,5&-+%,!L*-0(+,'H,*!=)*!@QYJ!]M'&(^(!JJB!/!
@BBBE32>F2G!-55%'+-&')0(

\97@YFB@F33 gBBB@bIfa

!"""!'(!-!*,.'(&,*,;!&*-;,/-*8!)=!LD,!?0(&'&$&,!)=!>%,+&*'+-%!-0;!>%,+&*)0'+(!>0.'0,,*(X!?0+Q
"!8!'(!-!*,.'(&,*,;!&*-;,/-*8!)=!LD,!>%,+&*)0'+!?0;$(&*',(!3(()+'-&')0Q
!"3!'(!-!*,.'(&,*,;!&*-;,/-*8!)=!LD,!?0&,*0-&')0-%!>%,+&*)&,+D0'+-%!:)//'((')0Q
45!'(!-!*,.'(&,*,;!&*-;,/-*8!)=!U0;,*C*'&,*(!9-M)*-&)*',(X!?0+)*5)*-&,;Q
$%&'()*+,#$%'-.(&(/+%0!'(!-!&*-;,/-*8!)=!L,%+)*;'-!L,+D0)%).',(X!?0+Q
!12!'(!-!*,.'(&,*,;!&*-;,/-*8!)=!LD,!?0&,*0-&')0-%!R*.-0'Z-&')0!=)*!2&-0;-*;'Z-&')0Q


