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Timing ana l ys i s i s a use fu l ve r i f i ca t i on method in moder n V LS I d es ign s . I t

can be used to ver i f y the t iming chara c t e r i s t i c s of compl i ca t ed d ig i t a l V LS I

s ys t ems . Ga te de la y i s an impor t an t pe r fo rmance paramet e r in t iming anal ys i s .

Many ga te d e l a y mode ls a re p ropos ed in order to improve the accur a c y or

speed of ver i f i ca t i on work in t iming ana l ys i s . Meanwhi le , ga te de la y mode l s

a lwa ys need to be improved wi th the deve lopment o f CMOS proce ss

t echno log y.

The overshoo t ing effec t , caused b y th e ex i s t ence of inpu t - to -ou tput

coup l ing c apac i t an ces , i s the phenomenon tha t the ou tpu t s igna l o f CMOS

logics ge t s ou t of power supp l y a t the beginn ing of t ran s i t ion . Trad i t i ona l ly,

t he ga t e de la y mode l s o f CMOS logic s a re re l a t ed to t rans i s to r s s izes , inpu t

s igna l t r ans i t i on t imes , and outpu t loads whi le the overs hoot ing eff ec t i s n o t

cons ide red . S ince the adven t o f submicron range , the second -o rder e ffe c t s

which inc lude inpu t s lope and inpu t - to -ou tpu t coup l ing effe c t s become

domain fac to r s . Th en the overshoo t ing e ffec t becomes a concern f ac to r in

o rder to improve the ac curac y whi le mode l ing the ga t e de l ay fo r CMOS logic s .

When CMOS proce ss t echno log y en te r nanomete r re g ime , the overshoo t in g

effe c t becomes mu ch more obv ious a nd should be cons i de red spec i a l l y wh en

ca lcu l a t i ng the ga t e de l a y of CMOS logics . Recen t l y, r esea rchers be gin to pa y

more a t t en t ion to the overshoot ing effec t when mode l ing the ga t e de la y a nd

they have a l re ad y proposed the overs hoot ing effec t mode l s fo r an inver t e r.

Al though the over shoot ing eff ec t o f mul t ip l e - inpu t ga t es have the same

in f luence on the ga te de la y as an inve r t e r , the overshoo t ing e ffe c t mode l fo r

mul t i p l e - inpu t ga t e s i s se ldom presen t ed .

In o rd er to mode l the overshoo t ing eff ec t o f mul t i p l e - inpu t ga t es ac cura t e l y

and comprehens ive ly, two mode l s a re p roposed in th i s d is se r t a t i on . F i r s t l y, b y

s impl i f yin g a 2 - input ga t e to an inver t e r and us ing the propor t i ona l

coeff i c i en t method , a s imple overshoo t ing eff ec t mode l i s p roposed which can

ca lcu l a te the overshoot ing t ime of 2 - input ga t es a ccura t e l y and s impl y. In t he

second mode l , an e ffec t ive method i s p roposed to mode l the overshoo t in g

effe c t o f mul t i p le - input ga t es comprehens ive l y. Th e proposed mode l i s
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fo rmula -based and usefu l no t on l y fo r 2 - input ga t es bu t a l so fo r o the r

mul t i p l e - inpu t ga t e s .

The d i sse r t a t i on i s o rgan ized wi th f ive chap te r s as fo l lows :

In Chap te r 1 , In t roduct ion , the b ackground and som e concep t ions of th e

resea rch ar e p res en ted . Then the mot iva t ion of th i s d i s se r t a t i on i s d i scussed .

At l as t t he o rgan iz a t ion of th is d i sse r t a t i on i s desc r ibed .

In Chap te r 2 , P re l iminar i es , the phenomenon of the overshoo t ing effe c t

fo r CMOS gate and i t s in f luence are in t roduced in de ta i l . F i r s t l y,

conven t iona l overshoot ing effe c t mode l s fo r CMOS inver te r a r e rev ie we d .

Subsequen t l y, t he overshoo t ing eff ec t o f CMOS mul t ip le - input ga t es i s

ana l yz ed . Then the in f luence of the overshoo t ing effec t fo r mul t i p l e - inpu t

ga tes on the ga t e de l a y ca l cu l a t i on i s cons ide red . Af t e r ana l yz in g the

overshoo t ing effec t mode l s fo r CMOS inver t e r and mul t ip l e - input ga t es , wh y

mode l ing the overs hoot ing e ffec t o f m ul t i p l e - input ga t es i s conc luded f ina l l y.

In Chap te r 3 , Mode l ing the Ove rshoot ing Effec t o f 2 - Inpu t Gate s i n

Nanometer Techno l ogies , a s imple mode l which can mo de l the overshoo t ing

effe c t o f 2 - inpu t mul t i p l e - inpu t ga t e s accura t e l y i s p r oposed . F i r s t l y, t h e

background and pre l iminar i es o f the resea rch are p rese n ted . Then a 2 - inpu t

NOR gat e i s ana l yz ed under two d i ffe r en t inpu t cond i t i ons . For the f i r s t inpu t

cond i t i on , the 2 - inpu t NOR gate can be s impl i f i ed to an inver t e r and the

overshoo t ing t ime can be ob ta ined us ing the conven t iona l overshoo t ing e ffec t

mode l fo r an inver t e r. Fo r the sec ond inpu t cond i t i on , the propor t i ona l

coeff i c i en t method i s used to ca l cu la t e the overshoo t ing t ime based on the

f i r s t i npu t cond i t i on . Moreover, how to ex tend the pr oposed overshoo t ing

effe c t mode l o f 2 - inpu t NOR gate to 2 - inpu t NAND gate conven ien t l y i s

in t roduced . S imula t ion resu l t s show tha t the max i mum e r ror o f the p ropose d

mode l i s onl y 3 .6 % compared wi th SP ICE s imula t ions us ing 32nm PTM

model .

In Chap te r 4 , A n Effec t ive Mode l o f the Overshoo t ing Effe c t fo r

Mul t ip l e - Inpu t Gat es in Nanomete r Technologies , an e ffec t ive mode l which

can model the over shoot ing eff ec t o f man y mul t ip l e - inpu t ga t es i s p roposed .
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Fi rs t l y, t he background and the resea rc h purpose are given . Subsequen t l y, t he

mot iva t ion and the advan tage s o f the p roposed model a re in t roduced . Then a

fo rmula -based overshoot ing eff ec t mode l fo r 2 - input NOR gate i s g iven .

Based on the proposed fo rmula -bas ed mode l , t he overshoo t ing e ffec t o f

3 - input NOR gate i s a l so ana l yz ed and th ree methods are p roposed to

ca lcu l a te the overshoot ing t ime of 3 - inpu t NOR gate . Af te r p ropos ing the

overshoo t ing effec t mode l fo r 2 - inpu t and 3 - inpu t ga t es , t he ex tens ion

methods of the proposed mode l to o the r mul t ip l e - inpu t ga t es a re p resen ted

where 2 - inpu t NAN D gate , 3 - inpu t NAND gate , 4 - inpu t NOR gat e and AO I12

ga te a re chosen as the ex ample . Man y ex per imen ta l resu l t s show tha t the

e r ro r o f the overshoot ing t ime fo r mul t i p l e - inpu t ga t e s ob ta ined f rom the

proposed mode l i s no more than 3 .4% compared wi th the resu l t s ob ta ined

f rom SP ICE s imula t ions us ing 32nm PTM model . At las t , t he app l i ca t i on of

the p roposed overs hoot ing e ffec t mod e l fo r mul t ip l e - inpu t ga t es i s d i scussed .

F ina l l y, i n Chap te r 5 , Conc lus ions , con ta ins the co nc lus ion of the

d is se r t a t i on and fu tu re work .


