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Recent ly, engineer ing product ivi ty in integrated c ircu it product des ign

and deve lopment is l imited large ly by the e f f ec t iveness o f the

computer -a ided des ign (CAD) too ls , in which the SPICE - l ike s imulators

are perhaps the most important one . The c ir cu it s imulat io n combines (a)

mathemat ica l mode l ing o f the c i r cu i t dev ices , (b) formulat ion o f the

c i rcui t equat ions , and (c) numer ical analys i s a lgor i thms for so lut ion of

these equat ions. As c ir cui ts of more complexity and mixed types of

funct iona l i ty, these equat ions a re much more d i f f i cu l t to be so lved .

Therefore , the s tudy on improving the convergence of the numeri ca l

analysi s algor i thms for so lv ing the integrated c ir cu it equat ions is an

important task .

For the c i r cu i t s imulat ion, the most important and di f f i cu l t task is to

f ind the DC operat ing po int . In DC analys i s , the numer i cal analys is

a lgor i thms are used to solve the system of nonl inear algebrai c equat ions .

The most typ ica l a lgor i thm is the Newton -Raphson (NR) method . This

method has the very des irab le property o f quadrat ic convergence . However,

i t may fa i l t o converge i f the ini t ia l guess i s not suf f i c i ent ly c lose to the

rea l so lut ion . Unt i l now, the pseudo - trans ient analys is (PTA) methods are

cons idered as the most pract i ca l methods to so lve th is non -convergence

problem. The main idea of the PTA methods is to insert the

pseudo-e lement ( capac i tor and inductor ) into the or ig inal c i rcu it to form a

pseudo- c i rcui t . Af ter that , the DC problems are conver ted to the trans ient

problems. The ef f i c i ency of the convent iona l PTA methods is not very

sat i s factory. Moreover, the inser t ion o f the pure pseudo -e lement is easy to

form an osc i l lator. In order to overcome the osc i l lat i on prob lem in PTA

method, the compound element PTA (CEPTA) method is proposed (Hong Yu,

IEICE Trans 20 06) from the pseudo -e lement v iewpo int . Ins tead o f us ing

pure reac tance element as the pseudo -e lement , compound e lements in

CEPTA are composed o f t ime -vary ing res is tor and capaci tor, t ime -vary ing

conductor and inductor. More recent ly, based on CEPTA, a new SPICE3

implementat ion method and emb edding method o f pseudo -e lement are

proposed (Zhou Jin, IEICE Trans 2013) . In addit i on, the t ime -step contro l

method of the numer i ca l integrat ion algor i thm used in PTA great ly af fec t s

the convergence per formance of PTA. The s imple i terat ion count method

Relaxat ion (SER) (Ke l ley, SIAM J.1998) method that based on the res idual

of equat ions are wel l known. However, the convent ional methods cannot

make al l c ircu it s converge espec ia l ly some large -s cale c i rcu i ts . There fore ,

to propose a prac t i cal numer ica l analys is a lgor i thm that has a better
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convergence performance and easy to be implemented is very important .

In th is research , a prac t i ca l method which ca n succeed in al l the cases

ment ioned be fore i s needed. Al l the research studies prev ious ly publ ished

are from the pseudo -e lement v iewpo int . To address these issues from the

di f f erent v iewpoint (numeri cal integrat ion a lgor i thm viewpo int ) , (1 ) a

Damped PTA (DPTA) and (2 ) a t ime -step contro l method for DPTA are

proposed. Al l the proposed methods are implemented in Waseda SPICE

(WSPICE) , and have been appl ied to the pract i cal and large - sca le c ir cui t s

to ver i fy the ef fect iveness .

The disser tat ion conta ins the fo l l owing f ive chapters .

s imulat ion. Then, the importance of c ir cui t s imulat ion in integrated

c i rcui t des ign is introduced. Af ter that , the convent iona l numer ica l

analysi s methods for so lving the nonl inear DC c ircui t equat ions and the

re lated a lgor i thms are rev iewed. At last , the chal lenges and purposes o f

th is research are descr ibed .

be used in later chapters . The commonly used numeri ca l integrat ion

a lgor i thms and the convent iona l t ime -s tep contro l methods are reviewed .

Moreover, the convergence o f PTA method is analyzed.

Art i f i c ia l Damping for Solving Non

a new PTA method, which uses numeri ca l integrat ion a lgor i thms with

art i f i c ia l damping e f f ec t . This new PTA method solves the osc i l la t io n

problem from the di f f erent v iewpo int (numer ica l integrat ion a lgor i thm

viewpoint ) , o ther than the pseudo -e lement v iewpo int . F i rs t ly, the k -s tep

the backward Euler method . As k increases , the damping ef fect is

ar t i f i c ia l ly enlarged . The cons is tency, convergence and stab i l i ty of the

proposed numer ica l integrat ion a lgor i thms are analyzed . By using the

proposed numer ical integrat ion a lgor i thms , the new PTA method is

capable to reduce the osc i l lat i on . After that , a swi tch ing a lgor i thm is

proposed to contro l the step k . I t cons iders the convergence of NR in eac h

t ime-po int to change the s tep k smoothly. With varying degrees o f

damping ef fec t , the convergence performance of the proposed PTA method

is improved.

The proposed algor i thms are implemented in the Waseda sp ice

(WSPICE) and appl ied to pract ica l large -s ca le analog c ircu i ts . Numer i ca l

examples demonstrate that compared with convent iona l PTA method (Zhou
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Jin , IEICE Trans 2013) , the proposed method can reduce the CPU time

(computat ional t ime to convergence in PTA proc edure) f or pract i ca l analo g

c i rcui ts . Us ing DPTA for the prac t ica l and large - sca le analog c ir cui t (1516

MOSFETs) , the CPU t ime has 4.79X speedup, and the number of NR

iterat ions is reduced to 18.03% of the i terat ions by us ing convent iona l

CEPTA. Moreover, with the proposed method, 100% tes t c ir cu its in INOUE

Lab. are so lved (62/62) inc lud ing prac t ica l and large - scale c ir cu it (>1516

MOSFETs) that is di f f i cul t to converge by using convent ional PTA method

and commerc ia l c ir cu i t s imulator.

ive Time -Step Contro l Method in Damped

Pseudo -

proposes an adapt ive t ime -step contro l method for DPTA, which inc ludes

an increment a lgor i thm and a decrement a lgor i thm. At the beginning , the

demands of t ime-s tep s ize for di f ferent s i tuat ions during the

pseudo- trans ient analys is are analyzed . Based on these demands , the new

time-s tep contro l method cons iders the res iduals of pseudo -c i rcuit

equat ions , the re lat ive change o f node vo ltages and curren ts , and the

iterat ion count of Newton -Raphson together to increase the t ime -s tep s ize .

When NR fai ls to converge , the decrement a lgor i thm uses a gradual ly

reduced rat io to reduce the t ime -s tep s ize . There fore , the proposed method

has abi l i ty to adapt the t ime-s tep s ize without cons tant upper l imi t which

means that i t can obta in the damping ef f ec t as large as poss ib le . Moreover,

the proposed method has a wider app l icabi l i ty to the pseudo -capac itor

va lue s ince i t can automatica l ly and e f f ec t ive ly adapt the t i me-step size

according to the c i rcu it s tate dur ing the s imulat ion .

The proposed algor i thms are implemented in the Waseda sp ice

(WSPICE) and the ef fec t iveness is ver i f i ed by app ly ing to prac t ica l

large- sca le analog c ircu it s . Numer i ca l examples demonstrate that

compared with convent iona l DPTA, the proposed method has

0.86X~104 .82X speedup of CPU t ime. Compared with convent iona l SER

(Kel ley, SIAM J.1998) , the proposed method has 1 .22X~76.34X speedup of

CPU time . I t is a lso proved that , DPTA with the proposed t ime-s tep

contro l method has the abi l i ty to 100% so lve a l l test c ir cu its in INOUE

Lab. and the benchmark cir cu its (113 /113) . Moreover, the robustness of

DPTA is enhanced . Compared with other t ime -s tep contro l methods , the

proposed method can expand the range of capaci tor va lue used in the

pseudo-e lement .

future work .


