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6.2 Test Results

Thi r t y -t wo de v i c e s we r e r e c e i ve d fr om MOSI S, a nd o f t ha t numbe r t we nt y -
f o ur (7 5%) pa s s e d a l l e l e c t r i c a l t e s t s a t a nomi na l c l o c k s pe e d o f 20MHz ( e f -
f e c t i ve STS3) . Func t i o na l t e s t i ng wa s pe r f o r me d wi t h a Te kt r o ni x DAS910 0
s e r i e s be nc ht op t e s t s ys t e m i ns t a l l e d wi t h 9 1PXX pa t t e r n g e ne r a t o r mo dul e s
a nd 9 1A32 aqui s i t i o n mo dul e s . A GPI B i nt e r f a c e be t we e n t he DAS and an
HP wo r ks t a t i o n wa s us e d t o aut oma t e l a r g e and c ompl i c a t e d t e s t pr o c e dur e s
r e qui r i ng many pa t t e r n �l e s . Ti mi ng t e s t s we r e pe r f o r me d wi t h an HP1650 0
di g i t a l l o g i c a na l yz e r /o s c i l l o s c o pe . The c hi p ha s me t a l l de s i g n r e qui r e me nt s .
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l i mi t e d t o 1 0 2 4 . Fur t he r mo r e , s i nc e t he SARboa r d wi l l i s s ue a ne w s e nd r e que s t
o nl y whe n t he pr e v i o us c e l l ha s be e n s e nt , e a c h no de on t he bus wi l l c o nt r i but e
onl y one r e que s t t o t he bus a t any t i me . Cons e que nt l y, t he max i mumnumbe r
o f r e que s t s o n t he bus i s 1 0 2 3 : o nl y 1 0 bi t s a r e ne e de d f o r t he c ount e r s .

6 PROTOTYPE TESTING

6. 1 Design for Testabi l i ty

Be c aus e t he MAC i s a hi g hl y s e que nt i a l de v i c e , a l a r g e numbe r o f s t a t e e l e me nt s
a r e pr e s e nt i n t he de s i g n. To make e �e c t i ve t e s t i ng po s s i bl e , a s e r i a l s c a n pa t h
wa s i nc l ude d t ha t pa s s e s t hr ough a l l s t a t e e l e me nt s e xc e pt t he ma jo r da t a pa t hs .
Ea c h s t a t e e l e me nt i s e nc aps ul a t e d i nt o a s ma l l s c a n bl o c k wi t h da t a , s c a n, a nd
mo de i nput s , a da t a out put , a nd a s c an out put . Se ve r a l va r i e t i e s o f s c a n bl o c ks
we r e de ve l o pe d t o a c c omo da t e l e ve l s e ns i t i ve and e dg e t r i g g e r e d s t a t e e l e me nt s
on e i t he r c l o c k pha s e . The s e s c an bl o c ks a r e s t r ung t o g e t he r i n a s e r i a l c ha i n t o
c r e a t e t he s c an pa t h. The s c an pa t h i s a c c e s s e d by a s i ng l e s c a n i nput , a s i ng l e
s c a n out put , a nd a mo de i nput t ha t i s c ommon t o a l l s c a n bl o c ks . The ma j o r
da t a pa t hs a r e no t i nc l ude d on t he s c an pa t h f o r t wo r e a s ons : t he da t a pa t hs
a r e t he ms e l ve s s c an pa t hs i n na t ur e and c an be t e s t e d i nde pe nde nt l y, a nd t he
a r e a e xpe ns e o f a ddi ng s c an c i r c ui t r y t o t he da t a pa t hs wa s pr ohi bi t i ve .

Whe n t he mo de i nput i s hi g h ( +5 . 0V) , t he s c an pa t h i s c o n�gur e d a s a l o ng
s hi f t r e g i s t e r ( 1 8 8 bi t s ) . Whe n t he mo de i nput i s l ow ( 0V) , t he s c an pa t h i s
t r a ns pa r e nt . By s c anni ng i n ve c t o r s , s t a t e ma c hi ne s c an be l o ade d wi t h any
s t a t e , a nd c ount e r s a nd r e g i s t e r s c a n be s e t wi t h any va l ue s o t ha t whe n no r ma l
o pe r a t i o n r e s ume s ve r y s pe c i �c c ondi t i o ns a r e pr e s e nt . The s c an pa t h c an be
s wi t c he d i n o r out on t he y.

Dur i ng s i mul a t i o n, t he s c an pa t h wa s no t i ns t r ume nt a l i n MAC de ve l o pme nt
be c aus e a l l i nt e r na l no de s we r e a c c e s s i bl e v i a s o f t wa r e . Howe ve r , ha r dwa r e
t e s t i ng wa s g r e a t l y f a c i l i t a t e d by e xt e ns i ve us e o f t he s c an pa t h. Vi r t ua l l y 1 0 0
t e s t a bi l i t y wa s a c hi e ve d, i nc l udi ng f unc t i o na l ve r i �c a t i o n o f a l l s t a t e ma c hi n
r e g i s t e r s , c o unt e r s , SRAM c e l l s , a nd c ombi na t i o na l l o g i c bl o c ks . Thi s hi g h
de g r e e o f v i s i bi l i t y c an no t be r e a s onabl y obt a i ne d wi t h a ve c t o r s e t a ppl i e d t o
t he no r ma l bus i nt e r f a c e s due t o t he e xt r e me l y l a r g e numbe r o f ve c t o r s r e qui r e d.
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t he s e l e ve l - s e ns i t i ve me mo r y e l e me nt s c an t o l e r a t e i ns t a bi l i t y a t t he da t a i npu
t hr oughout mo s t o f t he c lo c k a ss e r t e d ha l f c yc l e . The l o ng e s t c r i t i c a l pa t hs i n-
c l ude t he l a r g e 1 0 - bi t c o unt e r s , whe r e a c a r r y s i g na l mus t pr opo g a t e s e r i a l l y
Al t hough s e r i a l c a r r y pr opo g a t i o n wi l l no t y i e l d opt i ma l l y l ow de l a ys , us e o f
s t a nda r d c e l l s make s c a r r y l o o k - a he ad s c he me s e xpe ns i ve i n t e r ms o f a r e a . To
ove r c ome t hi s di �c ul t y, c o unt e r l o g i c wa s hand- de s i g ne d s uc h t ha t t he c a r r y
pa t h r e qui r e s o nl y one g a t e ( 3 - i nput NAND o r 3 - i nput NOR) pe r bi t . Thi s
me t ho d y i e l ds a n ove r a l l pr o po g a t i o n de l a y t hr ough t he c a r r y c ha i n o f a ppr o x-
i ma t e l y 2 8nS. Due t o s ome addi t i o na l l o g i c a nd a s t a t e e l e me nt ne e de d t o f o r m
t he c ount e r s t a t e , s i mul a t i o ns s how t ha t t he mo s t c ompl e x t e n bi t c o unt e r wi l l
o pe r a t e c o r r e c t l y t o about 4 4 . 8 nS pe r c yc l e , f o r a max i mumope r a t i ng s pe e d o f
a ppr o x i ma t e l y 2 2 . 3MHz . The c ount e r s a r e t he l i mi t i ng f a c t o r f o r c hi p pe r f o r -
manc e .

5. 5 Optimi zati on

As me nt i o ne d above , t he c r i t i c a l pa t hs o f t he c hi p i nc l ude t he t he wi de DQDB
c ount e r s . I n addi t i o n, t he l a r g e r FSMs i mpo s e a s i g ni �c ant de l a y dur i ng out put
s i g na l g e ne r a t i o n. No r ma l l y, t he FSMmus t g e ne r a t e s t a bl e c ont r o l s i g na l s a nd
t he c ount e r s t a t e mus t c hang e i n r e s pons e t o t ho s e c ont r o l s i g na l s wi t hi n one
c l o c k pe r i o d. I t i s di �c ul t , howe ve r , t o de s i g n l a r g e FSMs and c ount e r s ( s uc h
a s t he r e c e i ve FSMand t he r e que s t c ount e r ) whi c h wi l l me e t t ha t r e qui r e me nt .
To ove r c ome t hi s di �c ul t y, t he MAC empl o ys pi pe l i ni ng on c r i t i c a l pa t hs .

I n pi pe l i ni ng , a c ont r o l s i g na l g e ne r a t e d by an FSMi s l a t c he d i nt o a r e g i s t e r
a nd t he advanc e o f t he c ount e r s t a t e i s de l a ye d unt i l t he ne xt c l o c k c yc l e , a t
whi c h t i me t he FSMc an be g e ne r a t i ng i t s ne xt c ont r o l s i g na l . The t hr oughput
i s t he s ame a s i f t he ope r a t i o n we r e pe r f o r me d wi t hi n one c l o c k c yc l e , but t he
da t a i s de l a ye d by one c l o c k c yc l e . Thi s a l l ows one f ul l c yc l e e a c h f o r FSMs i g na l
g e ne r a t i o n and c a r r y pr opo g a t i o n i n t he c ount e r s .

Be c aus e o f c o ns t r a i nt s i mpo s e d by Oc t t o o l s , s t a t e ma c hi ne s we r e g e ne r a t e d
us i ng s t a nda r d c e l l s r a t he r t han Pr o g r ammabl e Lo g i c Ar r a ys ( PLAs ) . I n o r de r
f o r t he FSMs t o a c hi e ve t he r e qui r e d s pe e d, l a r g e FSMs we r e s ubdi v i de d a s
t he de s i g n ma t ur e d t o r e duc e t he numbe r o f l o g i c l a ye r s a nd i mpr ove s i g na l
g e ne r a t i o n. The r e c e i ve , s e nd, a nd moni t o r FSMs we r e o r i g i na l l y i mpl e me nt e d
a s one s t a t e ma c hi ne be c aus e a l l we r e s ync hr oni z e d t o t he phys i c a l l a ye r . Thi s
o pt i mi z a t i o n r e qui r e d a t r a de o� o f di e a r e a f o r pe r f o r manc e , but t he r e s ul t i ng
o o r pl a n wa s we l l wi t hi n a c c e pt abl e l i mi t s .

The DQDB c ount e r s a r e i mpl e me nt e d a s 1 0 bi t c o unt e r s a s o ppo s e d t o t he
1 6 bi t c o unt e r s s pe c i �e d by t he I EEE 802 . 6 do c ume nt . Be c aus e onl y 1 0 bi t s
a r e a l l o c a t e d f o r t he MI D, t he max i mumnumbe r o f no de s on t he DQDB bus i s
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5. 2 Layout

The l o g i c a l o r g ani z a t i o n de s c r i be d i n s e c t i o n 4 t r a ns l a t e s we l l i nt o s e ve r a l na t
r a l phys i c a l s ubbl o c ks ( �gur e ??) . The Re c e i ve FI FOShi f t e r a nd a 3 2 bi t Bu�e r
a r e pl a c e d a s a s i ng l e hi g h a s pe c t r a t i o bl o c k adj a c e nt t o t he MAC/SAR i nt e r -
f a c e out put pads t o mi ni mi z e i nt e r c onne c t . Si mi l a r l y, t he Fr om- SAR Shi f t e r i s
l o c a t e d ne a r t he MAC/SAR i nput pads . The s hape o f t he Fr om- SAR Shi f t e r
wa s di c t a t e d by t he adj a c e nt SRAM.

The DQDB, Re c e i ve and Se nd c i r c ui t r y i s c ombi ne d i nt o a s i ng l e l a r g e bl o c k
( t he MAC s ubs e c t i o n) pr i ma r i l y be c aus e o f t he c ompl e x i t y o f i nt e r c onne c t and
t i mi ng , a nd s e c onda r i l y be c aus e o f t he c onve ni e nc e o f Wo l f e i n c ompa r i s o n wi t h
g l o ba l r o ut i ng t o o l s . The MI D Tabl e l o g i c i s c ombi ne d i nt o a s ma l l e r bl o c k
( t he MI D s ubs e c t i o n) ne a r t he SRAM. The f unc t i o na l di v i s i o n be t we e n MI D
and MAC s ubs e c t i o ns i s s o s ha r p t ha t onl y a s i ng l e t i mi ng i nde pe nde nt s i g na l
(MI D t a bl e v a l i d ) i s ne c e s s a r y f o r c ommuni c a t i on be t we e n t he s ubs e c t i o ns . I t i s
t hi s i nhe r e nt di v i s i o n t ha t a l l ows a ve r y hi g h de g r e e o f phys i c a l i nde pe nde nc e
be t we e n t he t wo ma j o r l o g i c s e c t i o ns .

Two i de nt i c a l c l o c k dr i ve r s a r e i nc o r po r a t e d i nt o a s i ng l e s ma l l bl o c k , a nd t he
f o ur pr i ma r y c l o c k s i g na l s (�1 , �2 , �1 n, �2 n) f r ome a c h a r e di s t r i but e d g l o ba l l y.
The c l o c k s i g na l s a r e a s s i g ne d t o s ubs e c t i o ns s uc h t ha t l o ads we r e e qua l i z e d and
po t e nt i a l c l o c k s ke w pr obl e ms a r e mi ni mi z e d.

5. 3 Standard Cel l s

The I TD/AuE s t anda r d c e l l l i br a r y c ont a i ns a wi de va r i e t y o f l o g i c pr i mi t i ve s
a nd memo r y l e a f c e l l s . Fo r s i mpl i c i t y, o nl y t wo memo r y c e l l t ype s a r e us e d:
a l e ve l s e ns i t i ve D- t ype i p- op wi t h r e s e t ( l a r f 3 1 0 ) and an i nf r e que nt l y us e d
e dg e t r i g g e r e d l a t c h ( df r f 3 0 1 ) . Ne a r l y a l l c o unt e r , r e g i s t e r , da t apa t h, a nd FS

s t a t e i s bui l t f r om t he l a r f 3 1 0 c e l l be c aus e o f i t s s ma l l s i z e a nd r e l a t i ve l y l
pr o po g a t i o n de l a y ( appr o x i mat e l y 5nS nomi na l wi t h 1pF l o ad) .

5. 4 Perf ormance

One o f t he pr i ma r y ob j e c t i ve s i n t he de s i g n o f t he MAC c hi p wa s t o pr o duc e a
de v i c e c apabl e o f pr o c e s s i ng da t a a t STS3 r a t e ( 1 5 5 . 5 2 0Mbps ) . To a c hi e ve t hi s
s pe e d, t he c hi p mus t f unc t i o n a t a nomi na l c l o c k r a t e o f 1 9 . 4 4MHz ( 5 1 . 4 4nS pe r
c yc l e ) . Si nc e t he c l o c k a r c hi t e c t ur e i s non- o ve r l a ppi ng t wo- pha s e , c ombi na t i on
l o g i c pl us s t a t e e l e me nt pr opo g a t i o n de l a y mus t be l e s s t han appr o x i ma t e l y 2 0nS
whe n df r f 3 0 1 s a r e us e d and appr o x i ma t e l y 4 0nS whe n l a r f 3 1 0 s a r e us e d be c aus e
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5 PHYSICAL IMPLEMENTATION

5. 1 Technol ogy and Tool s

The MAC c hi p wa s f a br i c a t e d i n 2 . 0 mi c r o n N- we l l CMOS t hr ough t he MOSI S
s e r v i c e . The s e l e c t i o n o f a ma t ur e t e c hno l o g y wa s dr i ve n pr i ma r i l y by a r e -
qui r e me nt f o r �r s t - r un s uc c e s s . I n addi t i o n, t he de s i g n o o r pl a n wa s s u�c i e nt l y
c ompa c t s uc h t ha t di e a r e a wa s no t a c onc e r n. Ove r a l l di e s i z e i s a ppr o x i ma t e l y
7. 5mm x 7 . 4mm, a nd t he di e i s pa c ka g e d i n 1 32 l e a d p i n g r i d a r r a y s ( PGAs ) .
Al l 1 3 2 c onne c t i o ns a r e ut i l i z e d, a l t hough f o ur a r e non- e s s e nt i a l t e s t o ut put s

The i ni t i a l MACc hi p de s i g n wa s pr o duc e d a s a c l a s s pr o j e c t i n VLSI de s i g n. The
de s i g n s o f t t o o l s us e d i n t ha t c l a s s we r e f r omt he Oc t t o o l s s ui t e , a Be r ke l e y CAD
de ve l o pme nt e �o r t . Oc t t o o l s o�e r s a f ul l s e t o f c a pabi l i t i e s f o r r e a l i z i ng de s i
i n s i l i c o n s uc h a s v i s ua l e di t i ng , s t a nda r d c e l l pl a c e me nt , l o g i c mi ni mi z a t i o
and g l o ba l r o ut i ng . As wo r k on t he c hi p c ont i nue d a f t e r t he c our s e e nde d and
a s t he de s i g ne r s g a i ne d e xpe r i e nc e , many o f t he t a s ks pe r f o r me d i n Oc t o o l s we r e
t r a ns f e r r e d t o Lag e r I V [ ?] - a n a l t e r na t e s e t o f de s i g n t o o l s t ha t o�e r s a l l t h
c apabi l i t i e s o f Oc t t o o l s wi t h s i g ni �c ant i mpr ove me nt s i n s e ve r a l a r e a s . La g e r I
wa s de ve l o pe d by a g r oup o f uni ve r s i t i e s a nd c o r po r a t i o ns , a nd i s a dmi ni s t e r e d
by U. C. Be r ke l e y.

I n t he �na l de s i g n pha s e s , a l g o r i t hm i mpl e me nt a t i on, s t a nda r d c e l l pl a c e me nt
and r out i ng , a nd o o r pl a nni ng we r e a c c ompl i s he d us i ng t he Oc t t o o l s V4 . 0 pr o -
g r ams BDSYN [ ?] , Bdne t , Wo l f e , a nd Bdne t , r e s pe c t i ve l y, wi t h a s s i s t a nc e f r om
t he v i s ua l e di t o r VEM [ ?] . Gl o ba l r o ut i ng , ve r i �c a t i o n, a nd g e ne r a t i o n o f . e xt
a nd . c i f we r e pe r f o r me d wi t h Mag i c , pa r t o f t he Lag e r I V s ui t e . The pr o g r am
Ext 2 s i mwa s us e d t o pr o duc e . s i m f o r ma t �l e s , a nd I r s i mwa s t he pr i ma r y s i m-
ul a t i o n t o o l . Bo t h Ext 2 s i m and I r s i m a r e f r om t he Lag e r I V r e l e a s e , a l t hough
I r s i mwa s de ve l o pe d a t St anf o r d Uni ve r s i t y.

Al l l o g i c e l e me nt s e xc e pt t ho s e us e d i n t he MI D t abl e SRAMar e s t a nda r d c e l l s
f r omt he Sc a l a bl e CMOS ( SCMOS) St anda r d Ce l l Li br a r y V2 . 2 admi ni s t e r e d by
t he I ns t i t ut e f o r Te c hno l o g y De ve l o pme nt , Advanc e d Mi c r o e l e c t r o ni c s Di v i s i o n
( I TD/AuE) , a nd de ve l o pe d unde r c ont r a c t t o U. C. Be r ke l e y a s l i br a r y s uppo r t
f o r La g e r I V. The SRAMi s a l s o pa r t o f t he Lag e r I V di s t r i but i o n.

The pad f ami l y i s m2c 2 u de ve l o pe d by Paul Cohe n a t t he Ma s s a c hus e t t s Mi -
c r o e l e c t r o ni c s Ce nt e r .
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Fo r a l l c e l l s , t he MI DUpda t e FSMs t o r e s t he Ce l l Type and MI D and i ni t i a t e s
a n SRAMr e ad c yc l e . Fo r COMand EOMc e l l s , i f t he e nt r y i s non- z e r o , t he
MI D t a b l e v a l i d s i g na l i s a s s e r t e d t o i ndi c a t e t ha t t he MI D i s a c t i ve and t he c e l
be l o ng s t o a me s s a g e c ur r e nt l y unde r g o i ng r e a s s e mbl y by t he SAR. Al t hough
BOMand SSMc e l l MI D va l ue s a r e t e s t e d, t he r e s ul t i s i g no r e d be c aus e t he
va l i di t y o f t he s e c e l l s i s de t e r mi ne d by t he De s t i na t i o n Addr e s s . By de �ni t i o n
a SSMc e l l r e qui r e s no MI D t abl e e nt r y.

Whe n t he SRAMr e ad c yc l e i s pe r f o r me d f o r s ubs e que nt c e l l s wi t h t he s ame
MI D, t he MI D t a b l e v a l i d s i g na l wi l l be a s s e r t e d unt i l t he MI D e nt r y i s i nva l i -
da t e d by t he t i me out a l g o r i t hmde s c r i be d be l ow.

4.4. 2 MID Table Entry Timeout

Si nc e t he DQDB pr o t o c o l a l l ows out o f o r de r t r a ns mi s s i o n, t he po s s i bi l i t y e x i s t s
t ha t , f o r a pa r t i c ul a r me s s a g e , t he EOMc e l l may a r r i ve be f o r e a COMc e l l . As
a c ons e que nc e , MI D Tabl e e nt r i e s a r e no t i nva l i da t e d on a r r i va l o f t he EOM
c e l l ; t he MI D de c ays i nde pe nde nt l y. The c ur r e nt t i me s t amp i s ke pt i n a t wo
bi t c o unt e r t ha t c yc l e s f r omone t o t hr e e . A t i me out o c c ur s whe n t he di �e r e nc e
be t we e n t he MI DTabl e e nt r y and t he c ur r e nt t i me s t amp e qua l s t wo - t he MI D
Tabl e e nt r y i s wr i t t e n wi t h z e r o s , a nd t he MI D be c ome s i nva l i d. Subs e que nt
c e l l s wi t h t he s ame MI D wi l l no t be us e d f o r r e a s s e mbl y unl e s s t he e nt r y i s
r e va l i dat e d by a BOMc e l l .

Dur i ng pr o c e s s i ng o f a c e l l , t he MI D Ti me out FSM c he c ks t he va l ue o f t he
Ti me out Pe r i o d Count e r . I f i t i s no t z e r o , i t i s de c r e me nt e d and no o t he r
a c t i o n i s t a ke n. I f i t i s z e r o , t he FSMl o ads t he Ti me out Pe r i o d Count e r wi t h
t he va l ue o f t he Ti me out Pe r i o d c ons t a nt ( s e t by t he us e r i n t he s ame way a s
t he Bandwi dt h Ba l a nc i ng c ons t a nt ) , pe r f o r ms a t i me out ope r a t i o n on t he MI D
Tabl e e nt r y i f t he di �e r e nc e be t we e n t he MI D Tabl e va l ue and t he Ti me s t amp
i s t wo , a nd i nc r e me nt s t he MI DTabl e Addr e s s Count e r . Whe n t he va l ue o f t he
MI DTabl e Addr e s s Count e r i s e qua l t o t he numbe r o f e nt r i e s i n t he MI DTabl e
( e ve r y 1 0 2 4 c e l l s ) , t he c ur r e nt Ti me s t amp Count e r i s i nc r e me nt e d. Thus , t he
Ti me out Pe r i o d c ons t a nt c ont r o l s t he r a t e a t whi c h e nt r i e s i n t he MI D Tabl e
de c a y.
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and t he r e i s no da t a t o s e nd, i t de c r e me nt s t he Re que s t Count e r i f t he r e que s t
c ount e r i s g r e a t e r t han z e r o , a nd l o ads t he Bandwi dt h Ba l a nc i ng Count e r wi t h
t he Bandwi dt h Ba l a nc i ng c ons t a nt . I f a n i nc omi ng c e l l i s Empt y and t he r e i s
da t a t o s e nd but a l l s e nd c ondi t i o ns a r e no t me t , i t de c r e me nt s t he Count Down
Count e r i f t ha t c ount e r i s g r e a t e r t han z e r o , a nd l o ads t he Bandwi dt h Ba l a nc i ng
Count e r . I f a l l r e qui r e me nt s f o r a Se nd ope r a t i o n a r e me t , t he Moni t o r FSM
a s s e r t s a wake up s i g na l t o t he s e nd bl o c k and r e t ur ns t o an i dl e s t a t e . I f a n
i nc omi ng c e l l i s Bus y, i t pe r f o r ms no f unc t i o n ( t he Re c e i ve FSMi s i nde pe nde nt ) .

4. 4 MIDTabl e Bl ock

Whe n a me s s a g e i s s e gme nt e d f o r t r a ns mi s s i o n unde r DQDB, onl y t he �r s t
c e l l ( BOM) o f t he me s s a g e wi l l c o nt a i n t he 8 - byt e De s t i na t i o n Addr e s s due t o
hi g h s t o r a g e o ve r he ad ( 1 8% o f pay l o ad) . The r e ma i ni ng c e l l s o f t he me s s a g e
a r e a s s o c i a t e d wi t h t he de s t i na t i o n no de v i a t he 1 0 - bi t MI D l o c a t e d i n t he
c e l l he ade r . I n a DQDB ne t wo r k , me s s a g e s a r e no t gua r ant e e d t o a r r i ve i n
c ont i g uous c e l l s . The r e f o r e , whe n a BOMc e l l wi t h a ma t c hi ng ne t wo r k addr e s s
i s r e c e i ve d, t he MACmus t r e c o r d i t s MI D s o t ha t f o l l owi ng COMc e l l s a nd t he
t e r mi na t i ng EOMc e l l c a n be a s s o c i a t e d wi t h t ha t me s s a g e .

The MI DTabl e bl o c k ke e ps t r a c k o f a c t i ve me s s a g e s . I t c o ns i s t s o f a MI Dt abl e ,
a s s o c i a t e d s t a t e ma c hi ne s , c o unt e r s , a nd l o g i c . The MI D Tabl e i s a 1 0 2 4x2
SRAMt ha t s t o r e s a t wo bi t t i me s t amp a t an addr e s s f o r me d by t he MI D. The
MI D t abl e bl o c k pe r f o r ms t wo f unc t i o ns : MI D Tabl e e nt r y upda t e and MI D
t abl e e nt r y t i me out .

The MI D Tabl e i s s ha r e d by t he upda t e and t i me out f unc t i o ns . Ac c e s s f o r
upda t e s i s pe r f o r me d dur i ng t he a r r i va l o f t he �r s t ha l f o f t he c e l l , a nd a c c e s
f o r t i me out s i s pe r f o r me d dur i ng t he l a s t ha l f .

Fi g ur e s ?? and ?? s how t he o r g ani z a t i o n o f t he upda t e and t i me out s ubbl o c ks ,
r e s pe c t i ve l y.

4. 4. 1 MIDTabl e Entry Update

Upon i ni t i a l i z a t i o n o f t he MAC, z e r o s a r e wr i t t e n i nt o a l l e nt r i e s o f t he MI D
Tabl e SRAM. Whe n a ne w c e l l a r r i ve s , t he e xt e r na l CAMi s e mpl o ye d t o t e s t
f o r a De s t i na t i o n Addr e s s ma t c h. I f a ma t c h i s f o und, t he c e l l i s a BOMand
t he c e l l i s Bus y, t he MI DUpda t e FSMwi l l a ppl y a non- z e r o t i me s t amp t o t he
MI DTabl e l o c a t i o n addr e s s e d by t he MI D.
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The wake up s i g na l a l s o s e r ve s a s an a c knowl e dgme nt t o t he SAR boa r d t ha t
da t a i s be i ng a c c e pt e d. The SAR wi l l pl a c e ne w da t a ont o t he i nt e r f a c e e ve r y
f o ur c l o c k c yc l e s t he r e a f t e r . The ACF �e l d o f t he i nc omi ng Empt y c e l l i s mo di -
�e d t o s how a bus y s t a t us and r e t ur ne d t o t he Phys i c a l Laye r , a nd a ha r dwi r e d
NCI c ons t a nt i s mul t i pl e xe d i nt o t he s t r e am f o l l owi ng t he mo di �e d ACF �e l d.
The t hi r d mul t i pl e xe r c hanne l di r e c t s r e ma i ni ng da t a f r omt he Fr om- SARFI FO
t o t he PLCP boa r d. The ne w CRC i s c a l c ul a t e d and i ns e r t e d whi l e t he CRC
�e l d i s s t i l l wi t hi n t he Fr om- SAR FI FO. Whe n t he Se nd bl o c k i ni t i a t e s a Se nd
ope r a t i o n, i t no t i �e s t he DQDB bl o c k s o t ha t que ue s t a t us c an be ma i nt a i ne d.

4. 3 Recei ve Bl ock

The Re c e i ve bl o c k ( �gur e ??) i s i mpl e me nt e d wi t h a da t apa t h, a s s o r t e d l o g i c ,
a nd t hr e e �ni t e s t a t e ma c hi ne s : t he Re c e i ve FSM, t he Se nd- To - SAR FSM,
and t he Moni t o r FSM. A Bus y c e l l i s pr o c e s s e d by t he Re c e i ve FSMwhi l e a n
Empt y c e l l i s pr o c e s s e d by t he Moni t o r FSM. I f t r a ns mi t t i ng a c e l l i s no t i n
pr o g r e s s , t he Se nd- To - SAR FSMpa s s e s t he c ont e nt s o f t he c e l l a l o ng wi t h t he
s ync hr oni z a t i o n and s t a t us s i g na l s t o t he SAR.

Eve r y i nc omi ng c e l l i s l o a de d i nt o t he Re c e i ve FI FO s hi f t e r ; t he ma j o r pa r t
o f t he Re c e i ve da t a pa t h. I f t he i nc omi ng c e l l i s bus y, t he n t he Re c e i ve FSM
pe r f o r ms va r i o us t e s t s , i nc l udi ng NCI pa t t e r n ma t c hi ng and CRC c a l c ul a t i o n
whi l e da t a i s mov i ng t hr ough t he Re c e i ve FI FO s hi f t e r . I n t he c a s e o f a BOM
or SSM c e l l , a n addr e s s ma t c h mus t be pe r f o r me d by t he e xt e r na l CAM t o
de t e r mi ne s t a t us be f o r e t he c e l l c a n be pa s s e d t o t he SAR boa r d. The t i me
ne e de d t o r e ad t he e nt i r e De s t i na t i o n Addr e s s ( 8 byt e s ) f r om a BOMor SSM
c e l l pl us t he t i me r e qui r e d t o pe r f o r m t he e xt e r na l a ddr e s s ma t c h r e s ul t s i n
a l a t e nc y be t we e n da t a r e c e pt i o n f r om t he Phys i c a l Laye r and t he i ni t i a l c e l l
s t a t us s i g na l s t r a ns mi t t e d t o t he SAR boa r d. Thi s l a t e nc y de �ne s t he de pt h o f
t he Re c e i ve FI FO s hi f t e r . Si nc e t he Re c e i ve FSMi s s ync hr oni z e d t o t he �r s t
byt e o f i nc omi ng c e l l s , t he l a t e nc y g e ne r a t e d by t he addr e s s ma t c h pr o c e dur e
make s c ont r o l l i ng t he SAR boa r d i nt e r f a c e wi t h t he Re c e i ve FSMi mpr a c t i c a l .
The r e f o r e , da t a e xc hang e wi t h t he SAR boa r d i s pe r f o r me d by t he Se nd- To -
SAR FSM. The Re c e i ve FSMs e nds a wake up s i g na l t o t he Se nd- To - SARFSM
dur i ng pr o c e s s i ng o f e ve r y Bus y c e l l . I mme di a t e l y a f t e r wake - up, t he Se nd- To -
SAR FSMmake s a �r s t de t e r mi na t i o n o f c e l l va l i di t y by t e s t i ng f o r a n addr e s s
ma t c h i n t he c a s e o f a BOMor SSMc e l l , o r a MI Dt abl e ma t c h i n t he c a s e o f a n
EOMor COMc e l l , t he n pr o c e e ds t o r e gul a t e da t a t r a ns f e r i n 3 2 bi t wo r ds f r om
t he r e c e i ve FI FO s hi f t e r t o t he MAC/SAR i nt e r f a c e a l o ng wi t h s ync hr oni z a t i o n
and appr opr i a t e s t a t us s i g na l s .

The Moni t o r FSMpl a ys a c e nt r a l c o o r di na t i ng r o l e . I f a n i nc omi ng c e l l i s Empt y
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4. 1 DQDBBl ock

The DQDBbl o c k ( �gur e ??) ut i l i z e s f o ur FSMs and t hr e e c ount e r s t o i mpl e me nt
t he DQDB pr o t o c o l .

The Re que s t Count e r ke e ps t r a c k o f t he numbe r o f Se nd Re que s t s i s s ue d by
MACs downs t r e am f r om t he no de . The Count Down Count e r ke e ps t r a c k o f
t he numbe r o f Empt y c e l l s t he MAC mus t pa s s be f o r e i t c a n s e nd. Whe n t he
SARboa r d i s s ue s a s e nd r e que s t t o t he MAC, t he DQDB- SAR FSMbr o adc a s t s
t he s e nd r e que s t t o a l l ups t r e am no de s by s i g na l i ng t he c ompl e me nt a r y MAC
t o s e t t he Re que s t bi t o f a pa s s i ng c e l l . I n addi t i o n, i t i ni t i a t e s t he c ount dow
pr o c e s s by l o adi ng t he c ur r e nt va l ue o f t he Re que s t Count e r i nt o t he Count
Down Count e r a nd c l e a r i ng t he Re que s t Count e r .

The Bandwi dt h Ba l a nc i ng Count e r , a l o ng wi t h t he Bandwi dt h Ba l a nc i ng c on-
s t a nt , i mpl e me nt s t he Bandwi dt h Ba l a nc i ng pr o t o c o l . The Bandwi dt h Ba l a nc -
i ng c ount e r ke e ps t r a c k o f t he numbe r o f c o ns e c ut i ve c e l l s s e nt by t he MAC
whi l e t he bandwi t h ba l a nc i ng c ons t a nt i s s e t by t he us e r t o s pe c i f y t he numbe r
o f c o ns e c ut i ve c e l l s t ha t a no de i s a l l owe d t o s e nd.

The DQDB- QUEUE FSMpr o c e s s e s t he Re que s t bi t o f t he i nc omi ng c e l l . I f
t he Re que s t bi t i s s e t , t he FSMs i g na l s t he c ompl e me nt a r y MAC t o i nc r e me nt
i t s Re que s t Count e r ( pa s s a n Empt y c e l l unc hang e d) . I f t he Re que s t bi t i s no t
s e t a nd t he c ompl e me nt a r y MAC ha s da t a t o s e nd, t he DQDB- QUEUE FSM
i ni t i a t e s a pr o c e dur e t o s e t t he Re que s t bi t whi c h wi l l c a us e a c e l l t o be r e s e r ve
by a l l downs t r e amno de s .

The DQDB- REQ and DQDB- MAC FSMs pr o v i de an i nt e r f a c e t o t he c ompl e -
me nt a r y MAC. The DQDB- REQ FSMr e g i s t e r s Bandwi dt h Re que s t s a nd t he
DQDB- MACFSMi nc r e me nt s t he Re que s t Count e r , whe n s i g na l l e d by t he c om-
pl e me nt a r y MAC. St r uc t ur a l l y, t he s e t wo s t a t e ma c hi ne s a r e i de nt i c a l .

4. 2 Send Bl ock

The Se nd bl o c k i s c ompr i s e d o f t he Se nd FSM and i t s a s s o c i a t e d da t apa t h
( �gur e ??) . The Se nd FSMc ont r o l s t he i nt e r f a c e be t we e n t he MAC and t he
Se gme nt a t i o n s e c t i o n o f t he SAR boa r d. I f a n i nc omi ng c e l l wi l l no t be us e d
t o s e nd da t a , t he Se nd bl o c k mul t i pl e xe s t he c e l l una l t e r e d f r om t he Re c e i ve
bl o c k di r e c t l y t o t he Phys i c a l Laye r ( t he Re que s t bi t may be s e t i f a Bandwi dt h
Re que s t i s pe ndi ng ) . I f Se nd c ondi t i o ns a r e me t , t he Moni t o r FSMs i g na l s t he
Se nd FSMt o be g i n mov i ng da t a f r omt he SAR boa r d i nt o t he Fr om- SARFI FO
s hi f t e r .
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Empt y c e l l . Onc e a c e l l i s a va i l a bl e , t he MAC a s s e r t s a n Ac knowl e dg e s i g na l t o
t he SAR boa r d and a c c e pt s 4 8 byt e s o f da t a whi c h r e pr e s e nt a s t a nda r d 5 3 byt e
c e l l l e s s ACF and NCI �e l ds , a nd wi t h CRC s e t t o z e r o . The MAC pr o c e s s e s
t hi s 4 8 byt e s by pr e pe ndi ng ACF and NCI i nf o r ma t i o n and r e pl a c i ng t he z e r o s
i n t he Cyc l i c Re dundanc y Che c k ( CRC) �e l d wi t h t he CRC o f t he ne w c e l l .
The Empt y c e l l a r r i v i ng f r om t he PLCP i s r e pl a c e d by t he ne w c e l l , a nd t he
ne w c e l l i s t r a ns mi t t e d t o t he PLCP boa r d wi t h a bus y s t a t us . Thi s pr o c e s s i s
r e pe a t e d unt i l t he e nt i r e me s s a g e ha s be e n s e nt .

3. 3 Recei vi ng

I f t he MAC i s no t s e ndi ng , i t r e t ur ns e a c h c e l l unc hang e d t o t he Phys i c a l Laye r
f o r downs t r e amr e t r a ns mi s s i o n. I f t he c e l l i s no t e mpt y, t he MAC c o p i e s i t a nd
c he c ks f o r t r a ns mi s s i o n e r r o r s by pe r f o r mi ng a CRC. I n t he me ant i me , t he MAC
de t e r mi ne s i f t he c e l l i s i nt e nde d f o r t he no de . I n t he c a s e o f a BOMor SSM
c e l l , t he �r s t 8 byt e s o f pa y l o ad whi c h i ndi c a t e s t he De s t i na t i o n Ad d r e s s mus t
ma t c h an addr e s s s t o r e d i n t he e xt e r na l CAM. Fo r a COMor EOMc e l l , t he
MI D mus t be ma r ke d va l i d i n t he i nt e r na l MI D t abl e whi c h i ndi c a t e s t ha t t he
c e l l i s a pa r t o f a me s s a g e t ha t i s c ur r e nt l y be i ng c opi e d by t hi s no de . I n a l l
c a s e s , a n i nc omi ng c e l l i s pa s s e d t o t he SAR boa r d a l o ng wi t h s ync hr oni z a t i o n
s i g na l s . I f a ddr e s s o r MI D va l i da t i o n i s s uc c e s s f ul a nd t he c e l l i s e r r o r - f r e
s t a t us s i g na l s a r e a s s e r t e d t ha t i ns t r uc t t he SAR boa r d t o a c c e pt t he c e l l f o r
r e a s s e mbl y. Ot he r wi s e , t he da t a i s i g no r e d.

4 LOGICAL IMPLEMENTATION

The MACc hi p i s de s i g ne d a s a ne t wo r k o f i nt e r a c t i ng bl o c ks , e a c h pe r f o r mi ng a
s pe c i �c f unc t i o n. Ea c h bl o c k c ons i s t s o f o ne o r mo r e c ont r o l l e r s i mpl e me nt e d a s
Mo o r e �ni t e s t a t e ma c hi ne s and a s s o c i a t e d da t a pa t hs made f r oma c ombi na t i o n
o f r e g i s t e r s , c o unt e r s , s hi f t e r s , SRAM, and c ombi na t i o na l l o g i c .

Four bl o c ks handl e e s s e nt i a l f unc t i o ns : t he DQDB bl o c k , t he Se nd bl o c k , t he
Re c e i ve bl o c k , a nd t he MI D Tabl e Manag e me nt bl o c k . The DQDB bl o c k i m-
pl e me nt s t he DQDB pr o t o c o l , s pe c i f y i ng whe n an Empt y c e l l c a n be us e d f o r
s e ndi ng . The Se nd bl o c k pe r f o r ms t he s e nd f unc t i o n. The Re c e i ve bl o c k , t o -
g e t he r wi t h t he MI DTabl e Manag e me nt bl o c k , pe r f o r ms t he r e c e i ve f unc t i o n.
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3. 1 DQDBProtocol Management

The DQDB ac c e s s pr o t o c o l de t e r mi ne s whe n an Empt y c e l l i s a va i l abl e f o r
s e ndi ng . Thi s pr o t o c o l i s i mpl e me nt e d l o c a l l y i n e a c h MAC: t he c hi p mus t
r e me mbe r i t s pl a c e i n t he s e ndi ng que ue . To a c c ompl i s h t hi s t a s k , t he MAC
c ont i nuous l y ke e ps t r a c k o f t he numbe r o f downs t r e amMACs on t he s e nd que ue .
Whe n t he SAR boa r d s i g na l s t ha t a c e l l i s r e a dy f o r t r a ns mi s s i o n, t he MAC
que ue s i t s e l f by l o adi ng an i nt e r na l c o unt e r wi t h t he numbe r o f downs t r e am
MACs c ur r e nt l y wa i t i ng t o s e nd. The MAC t he n a l l ows t he c o r r e s pondi ng
numbe r o f e mpt y c e l l s t o pa s s unus e d. Whe n t he pr ope r numbe r o f e mpt y c e l l s
ha ve pa s s e d, t he MAC r e pl a c e s t he ne xt e mpt y c e l l wi t h a ne w c e l l bui l t a r o und
da t a f r omt he SAR boa r d.

I n addi t i o n t o ma i nt a i ni ng a c ount o f downs t r e amMACs wa i t i ng t o s e nd, t he
MAC mus t r e s e r ve i t s pl a c e i n t he que ue and pr e ve nt t he ups t r e am MACs
f r om us i ng a l l e mpt y c e l l s . Be c aus e t he bus e s a r e uni di r e c t i o na l , a MAC c an
onl y c ommuni c a t e di r e c t l y wi t h downs t r e amMACs on i t s own bus . To s e nd
a s i g na l t o an ups t r e am MAC, t he MAC mus t us e t he c ompl e me nt a r y bus
( oppo s i t e di r e c t i o n o f da t a ow) i n an i ndi r e c t manne r . The c ommuni c a t i on i s
a c c ompl i s he d i n t hr e e s t e ps :

1 . The MAC wi s hi ng t o s e nd a s ks i t s c ompl e me nt a r y MAC ( c onne c t e d t o
t he c ompl e me nt a r y bus ) t o s e t t he r e que s t bi t o f a pa s s i ng c e l l ,

2 . Downs t r e amMACs on t he c ompl e me nt a r y bus de t e c t t he s e t r e que s t bi t ,
a nd

3 . The downs t r e amMACs a s s e r t a s i g na l t ha t t e l l s t he i r r e s pe c t i ve c ompl e -
me nt a r y MACs t o que ue t he r e que s t .

The DQDB pr o t o c o l i s no t e nt i r e l y f a i r s i nc e t he s pe e d a t whi c h a no de i s a bl e

t o pr o c e s s a s e nd r e que s t i s r e l a t e d t o t he l o c a t i o n o f t he no de on t he bus i f
t he bus s pan a di s t a nc e t ha t i s mo r e t han t he e qui va l e nt o f o ne 5 3 - byt e c e l l . A
Bandwi d t h Ba l a nc i ng Pr o t o c o l a t t e mpt s t o c o r r e c t f o r t hi s unf a i r ne s s by a l l owi n
t he us e r t o s pe c i f y a c ons t a nt f o r c ont r o l l i ng t he numbe r o f c o ns e c ut i ve c e l l s
MAC i s a l l owe d t o s e nd. I f a MAC e xc e e ds t hi s numbe r , i t mus t r e l e a s e t he
ne xt e mpt y c e l l r e g a r dl e s s o f s e nd s t a t us .

3. 2 Sendi ng

Whe n t he SAR boa r d ha s da t a t o s e nd, i t a s s e r t s a Se nd Re que s t s i g na l t o t he
MAC. I n a c c o r danc e wi t h t he DQDB pr o t o c o l , t he MAC wa i t s f o r a s ui t a bl e
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SAR boa r d a c c e pt s t he wo r ds , r e a s s e mbl e s a c o l l e c t i o n o f c e l l s i nt o a me s s a g e ,
a nd pa s s e s t he me s s a g e t o t he ho s t . A me s s a g e pr o duc e d by t he ho s t i s s e g -
me nt e d i nt o c e l l s by t he SAR boa r d, pa s s e d t o t he MAC whe r e DQDB he ade r
and t r a i l e r a r e adde d, a nd t r a ns mi t t e d t o t he phys i c a l me di umvi a t he Phys i c a l
Laye r whe n a l l DQDB que ue r e qui r e me nt s a r e me t .

The MAC i nt e r f a c e s wi t h t he SAR boa r d, t he PLCP boa r d, a MAC c onne c t e d
t o t he c ompl e me nt a r y bus ( t he compl ementary MAC) , a nd a CAMwhi c h
s t o r e s t he ne t wo r k addr e s s o f t he no de . The s e i nt e r f a c e s a r e s hown i n ( �gur e ??) .
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Board
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Board
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Board

Content

Addressable

Memory

Content

Addressable

Memory

Bus A
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MACMAC

Fi gur e 4 : Ma j o r Func t i o na l Bl o c ks o f a No de i n a DQDB Ne t wo r k

3 MACFUNCTIONS

The MAC pe r f o r ms t hr e e ba s i c t a s ks : i mpl e me nt i ng t he DQDB pr o t o c o l , s e nd-
i ng c e l l s , a nd r e c e i v i ng c e l l s .
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� Ac c e s s Cont r o l Fi e l d ( ACF) : The �r s t byt e o f a c e l l , c o nt a i ni ng que ue
i nf o r ma t i o n and c e l l s t a t us ( f ul l o r e mpt y) .

� Ne t wo r k Cont r o l I nf o r ma t i o n ( NCI ) : 4 byt e s i mme di a t e l y f o l l owi ng ACF,
s pe c i f y i ng t he ne t wo r k c on�gur a t i o n. I n t hi s i mpl e me nt a t i o n, NCI c on-
t a i ns a c ons t a nt s pe c i f y i ng a Conne c t i o nl e s s , Que ue - Ar bi t r a t e d ne t wo r k .

2 SMDS (DQDB) INTERFACEOVERVIEW

DQDB i s a hi g h s pe e d c e l l ba s e d ne t wo r k us i ng a di s t r i but e d que ue i ng a l g o r i t hm.
I t i s a c o l l e c t i o n o f no de s c onne c t e d by t wo uni di r e c t i o na l bus e s wi t h oppo s i t e
di r e c t i o ns o f da t a ow; i nf o r ma t i o n ows f r omups t r e am no de s t o downs t r e am
no de s . Ea c h bus ha s a he ad no de t ha t i s l o c a t e d ups t r e amo f a l l o t he r no de s on
t ha t bus , a nd pr o duc e s e mpt y c e l l s t ha t c an be us e d by downs t r e amno de s t o
s e nd me s s a g e s . Re f e r r i ng t o �gur e ??, no de 2 mus t us e bus A t o s e nd me s s a g e s
t o no de 3 , a nd mus t us e bus B t o s e nd me s s a g e s t o no de 1 .

Node 1 Node 2 Node 3. . . . . . 

. . . . . .

. . . . . .

Bus B

upstream downstream

downstream upstream

Bus A

Fi gur e 3 : DQDB Ne t wo r k Topo l o g y

A no de i n t he DQDB ne t wo r k i s c ompr i s e d o f a ho s t a nd t wo i de nt i c a l i nt e r -
f a c e s , o ne c onne c t e d t o bus A, t he o t he r t o bus B. The i nt e r f a c e s a nd bus e s a r e
s ymme t r i c . The r e a r e t wo boa r ds i n The BayBridge SMDS i nt e r f a c e : a Se gme n-
t a t i o n and Re a s s e mbl y ( SAR) boa r d and t he SMDS Boa r d whi c h i nc l ude s t wo
DQDBMACc hi ps wi t h an e xt e r na l Cont e nt s Addr e s s a bl e Memo r y ( CAM) , and
t he Phys i c a l Laye r l o g i c [ ?] .

A c e l l a ddr e s s e d t o a no de t r a ve l s f r omt he phys i c a l me di umt hr ough t he Phys -
i c a l Laye r whe r e t he bi t s e r i a l s t r e am i s c onve r t e d i nt o byt e s . The MAC pr o -
c e s s e s t he c e l l i n byt e f o r ma t , ve r i f y i ng de s t i na t i o n, r e mov i ng DQDB he ade r
and t r a i l e r , t e s t i ng f o r e r r o r s , a nd f o r ma t t i ng t he c e l l pa y l oad i nt o wo r ds . Th
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The ma i n f e a t ur e s o f t he DQDB MAC Chi p i nc l ude :

� I mpl e me nt s Que ue d Ar bi t r a t e d ( QA) Func t i o ns o f t he Me di um Ac c e s s
Cont r o l ( MAC) s ubl a ye r pr o t o c o l o f t he I EEE 802 . 6 s t a nda r d ( Me t r opo l i -
t a n Ar e a Ne t wo r k)

� Ope r a t e s a t STS- 3 ( 1 5 5 . 5 2 0Mbps ) and DS3 ( 4 4 . 7 3 6Mbps ) r a t e s

� I mpl e me nt s Bandwi dt h Ba l a nc i ng pr o t o c o l

� Al l ows pr e - l o a di ng o f bandwi dt h ba l a nc i ng and t i me out c ons t a nt s

� Pr ov i de s on- c hi p MI D l o o kup t abl e

� Pr ov i de s Sc anni ng f unc t i o n

� 8 - bi t i nt e r f a c e wi t h Phys i c a l Laye r

� 3 2 - bi t i nt e r f a c e wi t h t he Se gme nt a t i o n and Re a s s e mbl y bo a r d

� Pr ov i de s TTL c ompa t i bl e I /O

� Re qui r e s a s i ng l e 5V powe r s uppl y

Note: Fo r c ons i s t e nc y, t he t e r mMe s s a g e i s us e d t o de s c r i be t he SMDS Le ve l
3 PDU ( I ni t i a l MAC PDU i n 8 0 2 . 6 t e r mi no l o g y) whi l e t he t e r mCe l l r e f e r s t o
t he SMDS Le ve l 2 PDU ( De r i ve d MAC PDU i n 8 0 2 . 6 t e r mi no l o g y) .

1. 2 De�ni ti ons

� Ce l l : The ba s i c DQDBda t a uni t . A c e l l i s 5 3 byt e s i n l e ng t h wi t h a 7 - byt e
he ade r , 4 4 byt e s o f pa y l o ad, a nd a 2 - byt e t r a i l e r .

� Me s s a g e : A c o l l e c t i o n o f c e l l s , no t ne c e s s a r i l y c ont i g uous . A me s s a g e i s
s e gme nt e d i nt o c e l l s o r r e a s s e mbl e d f r omc e l l s .

� Me s s a g e I de nt i �e r ( MI D) : A t e n bi t �e l d i n t he c e l l he ade r , i de nt i f y i ng t he
me s s a g e o f whi c h t he c e l l i s a pa r t .

� Be g i nni ng o f Me s s a g e ( BOM) : The �r s t c e l l i n a me s s a g e .

� Cont i nuat i o n o f Me s s a g e ( COM) : Al l c e l l s be t we e n a BOMand EOM.

� End o f Me s s a g e ( EOM) : The l a s t c e l l i n a me s s a g e .

� Si ng l e Se gme nt Me s s a g e ( SSM) : A s i ng l e - c e l l me s s a g e .
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Fi gur e 2 : The Ba y Br i d g e Ar c hi t e c t ur e

Revision: 2.0



Ba y Br i d g e 1

1 INTRODUCTION

1. 1 The BayBridge Project

The Ba y Br i d g e DQDB Me di um Ac c e s s Cont r o l ( MAC) c hi p wa s bui l t a s pa r t
o f t he Uni ve r s i t y o f Ca l i f o r ni a a t Be r ke l e y BayBr i dg e pr o j e c t . The a i mo f Bay-
Br i dg e i s t o de s i g n and i mpl e me nt a hi g h s pe e d, hi g h t hr oughput e nc aps ul a t i ng
br i dg e be t we e n Fi be r Di s t r i but e d Da t a I nt e r f a c e ( FDDI ) , a l o c a l a r e a ne t wo r k ,
a nd Swi t c he d Mul t i - Me g abi t Da t a Se r v i c e ( SMDS) , a publ i c ne t wo r k s e r v i c e
o�e r e d by t e l e c ommuni c a t i o n c a r r i e r s ( �gur e ??) [ ?] .

LOCAL
BRIDGE

FDDI
STATION

REMOTE 
 BRIDGE

BayBridgeBayBridge

SMDS

BayBridgeBayBridge

FDDI
RING

ETHERNET

Fi gur e 1 : The Ba y Br i d g e Envi r o nme nt

The Ba y Br i d g e wi l l i nt e r c onne c t FDDI s v i a SMDS. The br i dg e a r c hi t e c t ur e i s
de �ne d i n f o ur ma j o r bl o c ks : t he Br i dg e Boa r d, t he Ho s t I nt e r f a c e , t he FDDI
I nt e r f a c e and t he SMDS I nt e r f a c e ( �gur e ??) . The DQDB MAC c hi p i s pa r t o f
t he SMDS I nt e r f a c e whi c h pr o v i de s c ommuni c a t i o n be t we e n t he SMDS publ i c
ne t wo r k and t he br i dg e bo a r d a c c o r di ng t o t he Di s t r i but e d Que ue Dua l Bus
( DQDB - I EEE 802 . 6 ) [ ?] pr o t o c o l . I t i s a ne t wo r k i ng de v i c e whi c h pr o v i de s
MAC s ubl a ye r s e r v i c e t o t he Log i c a l Li nk Cont r o l s ubl a ye r . I t i s r e s pons i bl e f o r
e s t a bl i s hi ng c onne c t i o ns and e ns ur i ng e r r o r - f r e e da t a t r a ns f e r a c r o s s t he c hann
The MAC i s i mpl e me nt e d i n a c c o r danc e wi t h t he DQDB pr o t o c o l i n a g e ne r a l
DQDB ne t wo r k and wi l l he nc e f o r t h be di s c us s e d i n t ha t c ont e xt [ ?] .
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Abstract

This paper des cr i bes the BayBr i dge DQDBMAC chi p. The MACchi p
i s a CMOS VLSI devi ce t hat i mplement s t he connect i onl es s Medi umAc-

ces s Cont r ol pr ot ocol of t he Di s t r i but ed Queue Dual Bus networ k (I EEE

802. 6) at 155Mbps ( STS3) wi t h mul t i pl e CPE capabi l i t y. Af t er a s hor t
over vi ew of DQDB, we di s cus s t he f unct i on and l ogi cal i mpl ement at i on

of t he MACi n det ai l , f ol l owed by a des cr i pt i on of t he phys i cal i mpl emen-

t at i on i nc l udi ng t echnol ogy, s of t t ool s , oor pl an, and cr i t i cal per f ormance
i s s ues . Si nce t he chi p i s a hi gh s peed devi ce cons t r uct ed of s t andar d l i -

br ar y s ubcomponent s , s peed opt i mi zat i ons wer e empl oyed t o achi eve t he

t ar get per f ormance. We des cr i be t hes e opt i mi zat i ons and t hei r r at i onal e .
Fi nal l y, we pr es ent a s hor t concl udi ng s ect i on on des i gn f or t es t abi l i t y

f ol l owed by t es t r es ul t s on t he pr ot ot ype devi ce .
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