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W i t h t h e i n c r c a s i n g b a n d w i d t h r e q u i r e d f o r b o a r d - t o - b o a r d d a t a c o m m u n i c a t i o n s y s t e m s , o p t i c a l

i n t e r c o n n e c t i o n i s f i n d i n g w i d e r a p p l i c a t i o n s . I n d e s i g n i n g o p t i c a l i n t e r c o n n e c t i o n s y s t e m s f b r s u c h

a p p l i c a t i o n s , z e r o - b i a s m o d u l a t i o n o f t h e t r a n s m i t t e r L D c m m i n i m i z e p o w e r c o n s u m p t i o n a n d

s i m p l i - d r i v e c i r c u i t s . H o w e v e r , z e r o - b i a s m o d u l a t i o n m a y d e g r a d e t h e o v e r a l l s y s t e m p e r f o r m a n c e

d u e t o L D t u m - o n d e l a y s . C o n s e q u e n t l y , L D m o d u l a t i o n s c h e m e s h o u l d b e c a r e f u l l y d e t e r m i n e d i n

o r d e r t o o p t i m i z e t h e o v e r a l l s y s t e m p e r f o r m a n c e s u c h a s p o w e r c o n s u m p t i o n a n d t h e b i t e r r o r r a t e . I n

[ l ] , a s i m p l e a n a l y t i c a l m o d e l f o r e s t i m a t i n g t h e p o w e r c o n s u m p t i o n i n o p t i c a l i n t e r c o n n e c t i o n

s y s t e m s f o r a r e q u i r e d B E R w a s p r e s e n t e d . T h e m o d e l , h o w e v e r , d o e s n o t i n c l u d e L D t u m - o n d e l a y

e H e c t s a n d , c o n s e q u e n t l y , c a n n o t a c c u r a t e l y m o d e l t h e p e r f o r m a n c e d e g r a d a t i o n d u e t o t u m - o n d e l a y s ®

I n t h i s p a p e r , w e p r o p o s e a n e w a n a l y t i c a l m o d e l t h a i n c l u d e s L D t u r n - o n d e l a y e H e c t s a n d , w i t h i t ,

i n V C Su s a - s y s t e m p e r f o r m a n c e d e p e n d e n c e o n v a r i o u s L D b i a s s c h e m e s . l n a d d i t i o n , w e c o n f i r m t h e

a c c u r a c y o f o u r m o d e l w i t h t h e d e t a i l c d n u m e r i c a l s i m u l a t i o n r e s u l t s .

T h e o p t i c a l i n t e r c o n n e c t i o n s y s t e m i n v e s t i g a t e d i n t h i s p a p a i s m a d e u p o f L D , d r i v e r c i r c u i t s ,

f i b e r , P D . a n d r e c e i v e r c i r c u i t s a s s h o w n i n F i g . 1 . F o r a d e s i r e d B E R i n s u c h s y s t e m , t h e m i n i m u m

r( m o d u l a t i o n c u r r e n t c a n b e c a l m a - d n o m t h e f o l l o w i n g f b r t r u l l a [ 1 ] :

ILLLº±m̄n®-4£ ILLh®±£õlh® ILb Ã [H f° (± £Ì )± + V® .±¦ . n+ Q ¿ (È£¦ nml + £q nm¢oJá )nV]yM/q(¼nm R̄ ) ( 1 )

H e r e , I m i s t h e m o d u l a t i o n c u r r e n t , I b t h e b i a s c u r r e n t ( S e e F i g . l ) , a n d I d- t h e L D t h r e s h o l d c u r r e n t . ¶ o )

i s a f u n c t i o n d e t a m i n e d b y p r o c e s s v a r i a t i o n s f o r c o m p o n e n t s u s e d , V sen i s t h e d e c i s i o n s e n s i t i v i - , a n d

O n l a n d U no a r e r e c e i v e r n o i s e v a r i a t i o n s . H , i s t h e t o t a l l i n k e H k i e f - y a n d R i s t h e l o a d r o m a n c e - I n

o r d e r t o i n d u d e t h c L D t u r n - o n d e l a y c H b c t s , w e m o d e l t h e m a X 1m u t t 1 t u r n - o n d e l a y t d mu a s t d mn =

T l n [ I m/ ( I m + I b. o .) ] [ 2 ] , w h e r e T i s t h e c a r r i e r l i f e t i m e i n L D . T h e r e c e i v e r c i r c u i t c a n b e m o d e l e d w i t h a

G a u s s i a n f i l ¤ t -, h a v i n g t i n - - d o m a i n r e s p o n s e h ( B , t ) w h e r e B i s t h e b i t r a t e . T h e n , E q . 1 b e c o m e s

I m- I m + á [ H U w - - n+ Q ¿ ( o M O no ) ] / [ n , R ¿ h ( B , º d mu ) ] ( 2 )

S o l v i n g t h e a b o v e e q u a t i o n p r o v i d e s t h e d e p e n d e n c e o f t h e m i n i m u m p o w e r c o n s u m p t i o n o n t h e b i t

r a t e f o r a g i v e n B E R . F i s t 1r c 2 s h o w s t h e r e s u l t s c a l c u l a t e d w i t h a n d w i t h o u t c o n s i d e r i n g t u r n - o n d e l a y

e H e c t s . T h e p a r a r YI d e s u s c d a r e r = 3 n s , I l I. = 3 . O m A , a n d B E R = l 0 ± . V a l u e s f o r o t h c r p a r a m e t e r s

a r e s a m e a s i n [ l ] . I t i s c l e a r n o m t h e f i g u r e t h a t i n c l u s i o n o f t u r n - o n d e l a y e õ e c t s i s a m u s t f o r

a c c u r a t e s y s t e m p e r f o r m a n c e m o d e l i n g . I n a d d i t i o n , t h e m i n i m u m p o w e r c o n s u m p t i o n c a n b e a c h i e v e d

w i t h z e r o - b i a s m o d u l a t i o n o n l y i f t h e b i t r a t e i s n o t t o o h i g h , b c l o w 3 0 0 l M b p s i n t h i s c a s e . F i g u r e 3

s h o w s t h e d e p e n d e n c e U F O - m i n i m u m p o w e r o n I th - F r o m t h e f i g u r e , t h e r e q u i r e d m i n i m u m t h r e s h o l d

c u r r e n t w i t h w h i c h z e r o - b i a s m o d u l a t i o n s a v e s p o w e r c a n b e e a s i l y d e t e r m i n e d . F o r e x a m p l e , a t

5 0 0 M b p s l £, s h o u l d b e b e l o w a b o u t O 3 m A i n o r d e r t o t a k e a f u l l a d v a n t a g e o f t h e z o o - b i a s s c h e m e .
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Figure 4 show s the relat ionship betw een B ER and transm itter pow er determ ined from our model for

var ious bias condit ions and b it rates. From data l ike th is, the opt imal b ias condit ion for the m in imal

pow er consumpt ion can be easi ly determined .

In order to ver i- the accuracy of our model, w e pet-fbr rned numerical simulat ion of the ent ire

opt ical interconnect ion sy stem . T he L D pow er output w as obtaincd by numer ical- solv ing L D rate

equat ions. F iber, PD , and the receiv er w ere modeled w ith their character ist ic system f unct ions. T he

resul ts Rom the numer ical simulat ion agree w el l w ith those obtained f rom the analyt ical model . For

cxample, the m inimal t ransmitter pow er needcd for BER of 1045 at 500Pd bps w as M .M ¤ n n om the

analy t ical model and 142 dB m f rom the simulat ion. In shod , w e proposed a new analy t ical model for

opt ical interconnect ion sy stems that is simple and accurate and can be very usefu l for analyzing and

designing opt ical interconnect ion sy stems for board-to-board communicat ion appl icat ions.
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Figure 1. A schemat ic for opt ical interconnect ion

sy stem invest igated in the paper.

Figure 2 . D ependence of m in. transm itter pow er
on b it rate for B Elt = l 0± w ith and w ithout tum -

on delay
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Figure 3 . D ependence of m in. t ransm itter pow er
on threshold cur rent Im for B ER= l o--
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