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W it h t h e i n c r e as i n g sp eed an d c ap ac i- o f d at a t r a n sf e r sy st em s, t h e r e i s a g r o w i n g i n t er est f o r

o p t ic a l i n t e r c o m - c t i o n sy st e m 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 ec t i o n sy st em s, r e l i ab l e an d easy - t o - u se

C A D t o o l s a r e r e q u i r ed t h at c a n h an d l e b o t h e l ec t r i c a l an d o p t i c a l d e v i c es . O n e a p p ro ac h f o r r ea l i z in g

suc h C A D t o o ls i s u s i n g S P I C E , a w i d e ly u sed e l ec t r i c a l c ir c u i t s i m u l at o r , w i t h eq u i v a l en t c i r c u it

m o d e l s f o l- o p t i c a l d ev i c es . I n t h i s p ap er , eq u i v a le n t S P I C E c i r c u i t m o d e l s f o r a lase r d io d e( L D ) an d a

ph o t o d et ec t o r - D ) a r e i m p le m e n t ed a n d sy st em a n a l y s i s i s p e r f o r m ed f o r a s i m p le o p t i c al

In t er c o nn ec t i o n sy st em h av i n g L D , L D d£*®Ir±ý.®±iýhbÃ¶ eaw Ir c i r c u it ry , f i b e r , P D , a d r ec e iv e r c i r c u it ry a s sh o w n i n

F i g . l .

T h e e q u i v a l e n t S P I C E m o d e l f o r L D i s o b t a i n e d n o m t h e L D r a t e e q u a t i o n s a n d d e t a i l s c a n b e

f o u n d f r o m [ l ] . T h e c i r c u i t m o d e l f o r P D c o n s i s t s o f a c u r r e n t s o u r c e , i n t r i n s i c a n d p a r a s i t i c

e l e m e n t s [ 2 ] . I n t h i s w o r k , f i b e r i s c o n s i d e r e d a s h a v i n g o n l y a c o u p l i n g l Ä s ( 6 d B ) . T h e o p t i c a l s i g n a l

d i sp e r s i o n i n f i b e r i s n o t c o n s i d e r e d a s i t s i n f l u e n c e i s m i n i m a l f o r f i b e r l e n g t h u su a l l y u se d i n o p t i c a l

i n t e r c o m - c H o n s y s t e m s . L D d r i v e r a n d r e c e i v e r c i r c u i t s a r e m a d e u p o f 0 .6 p m C M 0 S t e c h n o l o g y a n d

t h e c u r r e n t m i r r o r a n d t h e d i f f e r e n t i a l p a i r [ 3 ] a r e u se d f o r L D d r i v e r a n d t r a n s i m p e d a n c e a n d v o l t a g e

a m p l i f i e r s f o r r e c e i v e r [ 4 ] . F o r s i m p l i c i - , t h e r e c e i v e r c i r c u i t d o s e n o t h a v e f u n c t i o n s f o r a u t o o & e t

n o r a u t o g a i n c o n t r o l s . P a r a s i t i c e l e m e n t s a r e i n c l u d e d b e t w e e n L D a n d L D d r i v e r , L D M d f i b e r , a n d

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

r e s u l t s b u t a u s u a l p a r a m e t e r e x t r a c t i o n c a n . b e d o n e f o r s p e c i f i c o p t i c a | d e v i c e s a n d p a r a s i t i c s i n a

g 1v e n s y s t e m - F i g u r e 2 s h o w s e x a m p l e o f S P I C E s i m u l a t i o n r e s u l t s f o r L D d r i v e c u r r e n t s , L D o u t p u t

p o w e r , a n d r e c e i v e r o u t p u t V o l t a g c s . T h e L D b i a s c u r r e n t i s 3 .0 m A a n d i t i s m o d u l a t e d w i t h 3 .7 6 m A a t

5 0 0 M b p s .

I n o r d e r t o d e m o n s t r a t e t h e u t i l i - o f o u r a p p r o a c h , b i t e r To r r a t e ( B E R ) a n d e y e d i a g r a m s w e r e

o b t a i n e d f r o m t h e S P I C E s i m u l a t i o n r e s u l t s . F o r B E R c a l c u l a t i o n , i t w a s a s s u m e d t h a t t h e n o i s e i s

d o m i n a t e d b y t h e t h e r m a l n o i s e . F o r e y e d i a g r a m s , a p s e u d o r a n d o m N R Z d a t a p a t t e r n w i t h 2 74 b i t s

w a s u s e d . F i g u r e 3 s h o w s t h e t r a n sm i t t e r P OW - s r e q u i r e d f o r l 0 ° B E R a s f u n c t i o n o f d e s i r e d

t r a n sm i s s i o n b i t r a t e s f o r m o d i g a -- u b i a s sc h e m e s : o n e w i t h t h e b i a s l e v e l a t l 2 t i m e s t h r e s h o l d

c u r TO U G H-) a n d t h e o t h e r f o r z e r o b i a s . Z e r o b i a s r e q u i r e s l e s s t r a n s m i t t e r p o w e r b u t t h e r c a n t i n g

o p t i c a l o u t p u t s u f f e r s R o m L D t u m - o n d e l a y s . F r o m t h e f i g u r e , i t c a n b e c l e a r l y s e e n t h a t t h e z e r o - b i a s

sc h e m e h a s a n a d v a n t a g e i n t r a n s m i t t e r p o w e r d i s s i p a t i o n U t i- b i t r a t e i s n o t t o o h i g h - T h e r e a so n f o r

p o o r p e r m r n a n c e o f z e r o - b i a s s c h e m e f o r h i g h b i t r a t e s c a n b e e a s i l y d e m o n s t r a t e d R o m r c c c i v e r

o u t p u t e y e d i a g r a m s f o r m o b - p s a s s h o w n i n F i g . 4 . T h e t r a n s m i t t e r p o w e r i s s e l e c t e d s o t h a t l 0 ¤l 5

B E R c a n b e a c h i e v e d i n e a c h c a se . H e r e e x i s t s i g n i f i c a n t tn£ihâtmnmihhrnÌ 1Ýg¼ jh ih¶tnmt.meÍg 1rB .s t h a t a r e r e s u l t e d n o m L D t u m -

dep --d s oX -
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on delays w hen biased below threshold. Our simulation resul ts ag ee quite wel l w i th results obtained

using m analyt ical modeu m - B ut our approach based on SPICE can prov ide an env ironment in w hich

system designers can per¤ nn var ious opt imizat ion processes for optical interconnection systems j ust

l ike they do for d ec¤ ical circuit systems.

In summary, SPICE is uscd as a CA D tool for opt ical interconnection sy stems by implement ing

SPICE models for opt ical dev ices. From the SPICE simulat ion results, opt ical interconnect ion system

analysis is performed. We bel ieve such m approach can be quite useful for designing a d a lab ru m

various opt ical interconnect ion systems.
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Figure l . A schemat ic d iagram for optical inter -

connection system investigated in the paper.
Figure 2 . Wave- n ns of L D injected current, L D

output power, and receiver output vo ltage.
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Figure 4. Receiver output eye diag ams for 500M bps:
(a) biased O ) zero-bias scheme. Transmitter powers
w e determ ined for 1045 B ER.

Figure 3. Rel ationship betw een m in. transm itter
pow er a d bit rate for B ER= l 0°


