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Abstract

A new circuit simulator for submicron MOS designs was developed by enhancing SPICES.
The minimum conductance stepping. source stepping and pseudo transient methods are
applied to improve the convergence. And SECSPICE uses the variation rate of the node
voltage in the timestep algorithm. The modified BSIM model was implemented in
SECSPICE for submicron MOS designs. And it gives the powerful user environments such
as graphic user environments. As the results of test using real measured device data and
circuits used in real production design. we found it gave more accurate results than BSIM
and the execution speed was 1.5 ~ 2.8 times faster than SPICE3.

o 32

. ME Z2ae A8 7l g S o] #
ch. 3|2 AlEele 9] A2 Berkeley “Hfi}%

197099 & 32 $i4e AHFeiel & A YR sty SPICE' ¢} 44524
e ZradlEe] Y 7| Aol 32 34 A W Aa glet Zzelv SPICE: 44§39 1)

W] £ B4, el A AR AER @ely

TIEEAR, T CHEEH SREET ey CAE 7lsel HAd whle] qleh't | kgl AM8-Ee Al B0
(CAE, Memory Business, Samsung Elec.) o] Alg)A EZ9e 43k Al8x1e] o Ay
HZBF 0 19934 117 238 AR EAIE BA] A&eA diHel) v FE

(1250)



S5 A SECSPICE : Submicron MOS 4 A&
w3k ARz dA @del e dEY ARE AT
§}7] ogic},

SECSPICE®l = SPICE3E" 23toz =34 43
EA A Bd oAz 7pd 24 F"HY Sub-

micron MOSEd Felzt algxz #HAME $3F &l
A o 719 7o AAtEIgdcl. SECSPICE:

s
2 54 A glal Ha STy AY 4
wh ) ofa} wpmgst a4 ekme]ECS A4skad
b g 3 A7) RS flsted sk AsY HEe
S o] 83 Azt 1A 2H dwe]EE A3l dE
Aol A7t 74AE sk def wiske s o83 A%
AL AY sleea e A7 @Eskaat &
t} =3 7|& Submicron MOSFET 242 d=
BSIM““Q,] Bodd EMZo A% rdl o o] Als}
o] A&l -“-’—‘_91 233%5‘ AL Al7leH g

=
= pS
°©

AlgdlolAl ™ 5
Tasle] A EHe|Al 73.4
Hlolar Y AA dlelelbs
o ollelE 243} 3kt
2ire] AR WA ofAlEl okmedd
A a8z}
A A 2y 2z HY A
Eeleo|Ae] 3 Arbele] vlag o
AEE 71& shch

ol

NN
= =

=

5 A7 Bew
wAjo] folshe® Alst
olgatol Abgatel St

l

25 mlel %
Hol4 715l Haldl chslch. ehgo.
| gste] 4

ol o
St

=

X

2

[

[ &
1. Al gdole] <taels
(D) %= 54
32 AgdejAded AHEEE

W alo 2wy o] & 41 o2 WEhs

7] glsled <lwby o2 Newton- Raphson NR)=H

" NR #bdelid &gt 2713

g Al gle), o] F S8 o

How 4 Eyuiad Y

o] &8k dgo] ™ AMEE| 3L glet.

&g ARt A

Al g A sl

v oluf Al4-EE Zﬂl%k% ol ~u] HUZE AHE-

g S Ang o] &shs whelnt
SECSPICE® A& Alg-ate] zjofute} dd A8

gyl 2 Ha FUus Rays iAoz

Pk YEZ Azteiedct =3 oAb =g Y

g2} 5-e" o]Alate] Ha Fuulay A A%
o7 FER & A ¥ 33 3] FAYSF

ol =2 A|atE|glct

Oiﬂ

-

DCAY

(1251)

A3 Hatsta A&AQ 32 AlEH e

157
Gmin Stepping Code Source Stepping Code
hﬂNGRAMI’ oplion parameter SR. AMP option parameter
w}ule(GRAMDO)( SoumeSwp =0
Gmin loldmg (on Diagonal Matrix) whlh(SoumeS!tplSRAMP <= |
NR iteration:* All Independent Voltage Source =
if (ot ccnverg:d) return(FAIL), (SoumeSup/SlLAMP) DC valuve;
GRAMP- NR iteration;*
Gmun = (JMX\ exp{GRAMP); if (sot converged) remm(FAIL);
} SourceSiep ++:
end }
*NR iteration”| 7. 7]} © previous sol - ol -% end
(a) (b)
a7 1A% £ whi(a) Ha EUEs 24
g4 (b) Al =5 by
Fig. 1. Continuation Method (a) Gmin Step-

ping Method (b) Source Stepping
Method.

Source-Gmin Stepping Code
SRAMP,CONVERGE : option parameter
begin
SourceStep = 0;
while(SourceStep/SRAMP <= 1){
All Independent Voltage Source =
(SourceStep/SRAMP)*DC  value;
NR iteration;*
if (not converged) { .
if(CONVERGE => 2)
Gmin Stepping Analysis;
return(FAIL);
}
SourceStep ++;

}

end

*NR iterationr] 37| 2}-2 previous sol& o} £

o L= I B G i B R o Dt B
Fig. 2. Modified Source-Conductance

Stepping Method.
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Pseudo-Transient Code
STIME*: option parameter
begin
MODE = Pseudo-Transient;
Time = 0;
while(time < STIME){
Calculate SourceValue at
current time ;
Transient Analysis;**
Check tolerance;***
if(not success)
return("Converge Fail");

DC solution=Current Time Solution;
MODE change (DC completed);
end

*STIME- 71 ¢! ramping A] 7+
**Source(Time dependent)©} Capacitance,
Inductance 1174 %
***TimeStepS 1 & 5 code A}-&

38 3. o FA e uby
Fig. 3. Pseudo-Transient Analysis Merhod.
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Fig. 4. Convergence Flow.

3B AR FE W

g Arggt sl EAlEhe A 2R’ AE
Hojd wewl Z7|85-& AAHsle Frp. SEC-
SPICE= el AAIg 3 B4 due]Eg o438
of 13 49} 2 5E ko) o} A a7 4o
AAZE = B A9 gepele]E o] fate] ARSRb=
Algle]lAd B2l wlel ekuz]E-S A-Hdog Alg-
g l=E Azt st

(2) A7y 747 24 odaelE

SPICE "ellA] AH&-5) qhes]4 A
A xAo] olEHoz A=y wiftel HHE A
A apgo] A ¢tew [ocal Truncation
Error(LTEy "ol o1&k A7k 2k z3d4e A&
oo e BAsla glou Al o)A 43
A7k e wlag AMERbE K™ sk 7o) o
HA Heol vk & el 7]122] LTE syl
waveform &% % breakpoint &%¥H-& 7}vg
A5 LTE #h-g Adloksbc},

SECSPICE A& 213 59} o] s} wshgol o

AlZE RS AL shEs }°3°”% w3} ‘fﬂi}°°1

A7

rlo

)J
o

Time-Step Control Code
DECREASE FAST*: option parameter
begin
Delta = Initial Timestep(step.stop,OPTION);
Time = Delta;
LoadingCircuit (time);
while(time < stop time){
LoadingCircuit (time);
for each node** {
0Old2 = previous 2 solution;
Oldl = previous I solution;
pred = extrapolation (Old2,01d1);
now = Current time Node Voltage;
if(tol = abs(now-Oldl) > LIMIT) {
Release Current solution;
Delta *= DECREASE;
Jelse {
if (sign(Old1-01d2) = sxgn(now Old1))
Delta *= DECREASE
else Delta *= FAST
variation = abs(now-pred)/MAX(now,pred);
Delta /= variation;***
}
}
Save (time);
if (Delta < MinimumTime) return(error);

}

end
*umestep -7}, 7} 4 scaling factor
#2130 £ el afof 6o check
wer] 5003 AL 2 39 gk gol wh e} dmestep 27
a8 5 A7 7 =Y B8R
Fig. 5. Timestep Control Flow.
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Table 1. Experimental circuit evaluation results.

SPICE3 SECSPICE2.0 | SECSPICE2.0
3le o8 H R e (Berkeley) (LVLTIM=3) (FAST=2)

H| i o] w3
Transient  iteration 3177 2446 1345

cram ref 0.86 047
Total run time(CPU, sec) 85.4 73.1 402
Transient  ijteration 28755 15864 7292

mux§ ref 0.63 027
Total run 1ime(CPU, sec) 939.7 590.2 255.6
Transient  iteration 1557 806 603

slowlatch i - ref 0.68 0.51
Total rum time(CPU, sec) 6.3 4.3 32
Transient  iteration 1341 810 402

toronto ref 0.62 0.31
Total run time(CPU, sec) 217 13.5 6.7
Transient  jteration timestep 100 3241 1550

arom small ref none none
Total run time(CPU, sec) 144.7 633
Transient  iteration timestep too 524 321

b330 lmn.l'l, ref none none
Total run time(CPU, sec) 56.2 343
Transient  iteration 1053 444 284

counter ref 0.55 037
Total run time(CPU, sec) 68.2 378 254
Transient  iteration 60199 42357 12287

jge ref 0.80 0.22
Total run time(CPU, sec) 44025 3507.8 965.1
. Transient jteration timestep too 3344 1556

rich3 small ref none none
Total run time(CPU, sec) 1310 58.5
Transient  jteration i 524 321

b165 = lmﬁ‘:ﬁ’ 0] rer none none
Tatal run 1ime(CPU, sec) 26.8 16.5

ref 0.69 036

ref 145 278

. ti
.meas tran p_width

targ
trig v(clk)

.meas tran p_sig
. targ v(clka) val=t,

Ao viar)svi

¢ vibrie2.123

vee (143 gnd  de  veel

vss v§§ gnd  dc vs

vbb vbb gnd dc vb

vvref vref gnd  dc 1.4v

velk <k gnd  p! 1.4 0n vth 1In
. vih 4n

- vl 8n
.tran 0.in BOn

param  vccie2. 8y

28 10, Z1efE] ARgA} Qe s~
Fig. 10. Graphic User Interface.
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