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Netlist[{Mla,{4->D,1->G,3->S,3->B},Model->PM0S,Selector->HighFrequency,
gm->gml, gmb->gmb1,Gds->gds1,Cgs->cgsl,Cgd->cgdl,Cbs->cbs1,Cbd->cbdl},
{M1v,{5->D,2->G,3->S,3->B},Model->PM0S, Selector->HighFrequency, gm->gml,
gmb->gmb1,Gds->gds1,Cgs->cgsl,Cgd->cgdl,Cbs->cbsl,Cbd->cbdl},
{M2a,{4->D,4->G,0->5,0->B},Model->NMOS, Selector->HighFrequency, gm->gm2,
gmb->gmb2,Gds->gds2,Cgs->cgs2,Cgd->cgd2,Cbs->cbs2,Cbd->cbd2},
{M2b,{5->D,4->G,0->5,0->B},Model->NMOS, Selector->HighFrequency, gm->gm2,
gmb->gmb2,Gds->gds2,Cgs->cgs2,Cgd->cgd2,Cbs->cbs2,Cbd->cbd2},
{M3,{6->D,5->G,0->5,0->B},Model->NMOS, Selector->HighFrequency, gm->gm3,
gmb->gmb3,Gds->gds3,Cgs->cgs3,Cgd->cgd3,Cbs->cbs3,Cbd->cbd3},
{M4,{6->D,7->G,8->5,8->B},Model->PM0S, Selector->HighFrequency, gmn->gm4,
gmb->gmb4 ,Gds->gds4,Cgs->cgs4,Cgd->cgd4,Cbs->cbs4,Cbd->cbd4},
{M5,{3->D,7->G,8->S,8->B},Model->PM0S, Selector->HighFrequency, gm->gm5,
gmb->gmb5,Gds->gds5,Cgs->cgsb5,Cgd->cgd5,Cbs->cbsb5,Cbd->cbd5}]] ;

09 0oboooog

000000000000000000000(@O0O000000000000Mathematica
OO0 AnalogInsydes0 000 000000000000 O0O0OOOO0O0ODODOOCODOOOO
0000000000000 0oO0o0ooooooon)

bobobobooooooboooobobooooboobOobobooooooooooboono
0000000000000 (OO0 SBGO)0DOUOOOODODOOODOOOOOOOOO
U1oooobooboobooboboboboboboboboooooooobooobooon
obooobooobooooboobobooboo1ooboobooooboobOoboooDbo
(0000000000000 000O00 100000000000 MathematicaO OO
0)0OUOoOoO0oo0oo0o0oo0oo0oo0ooo0oo0oo0oo0o0o0ooooooUoUoo
goboooboooooobooooooooooooboobooboobbooboobooboooo
goboboooboobooooooobooobooobooboooooooboooboooog
gobobooooooboobooooboooobooobobooobobooboboDboon



12 ooooO o0 soos0d 2001

Fyh) ALY SR
mmp MNA (Modified Nodal Analysis)i%
(C,+Cy)s o . —C_s|[Vni o
0 Gmi—CpaS - 0 ]t
1 e —8as || V@D | 1

g 10: 0000od

00000 (0000000000000 000D0O0000)00000D0o0o0ooOooOO
goooobooobooooboooobooo4b0oboobooooobobobo200bO
0000000000U0o00o0 (0D BOODODODOODOUOOOOOO)DDODOOoDoOOoooOO
ggoooooobobooobobobooboboboboboobobboobobobo
0000000000000 00000000(@@O000o00UoO00DooUooUoO”
0000000000000 00000000000O00oooOoUoooooon)

4.2 D0O0OOO0O0OO0OODOOO

000000000000 000000000000000000000000 9000
00000000000000000000000 Wi,Lq,---,Ws,Ls,V,,C, 00000
00000000000000000000 (BW)0OO0O0 (G)000000000000
000 14000000000000000000000000000

oo 2
0400000000000 OWO MOSOOODOOOODOOOOoOLO MosOOO
oOoooopoOooooogoo rgoMosoooooooooOooooooo.

0uM400o0oooooboooooboooboooobooooooooooooooooo
gobooboooboooboooooooboooobooboobooboobooobooboboobo
(000)0U0OO0O0O0U000O0000O0O0U0C00O0O00O0O0OUODO0O0DUOOOODoOOO

0000 40000000000 SymbolicODOOOOOOODOODOOODOODOO
000000000000 0000000000000000000U0O0O0OUOD 140 (D)
obOoobOoobooooobOobooobOooboobooboobooobooboooann
(Grobner base:GB) 00 0 O00O00OO0OO0OGBUOOOUOOOOOUOOOOOOOOOOO
obooboooboobooobooooboobooboobooboobooboboobooog
0000000000000 000O000O000O00(oOo0D0UDOOoUOoUoOOoOoOn
O00ooo0o0oooOoooooooooog.)



J.JSSAC Vol. 8, No. 3, 2001 13

(s = B8 _nls) _ 9840

- aiafafals
00  ds) 11320

aoo
n(s) =

-(gm3-(Cc+cgdl3) s) (-(gdsl+gml+cbdl s) (gdsl+gds2+(cbdl+cbd2+cgdl+2 cgd2+2
cgs2) s) (-(gdsl+cbdl s) (-gml+cgdl s)-(gml+cgsl s) (gdsl+gds2+gm2+cbdl
s+cbd2 s+cgdl s+cgd2 s+ 2 cgs2 s))+(gml-cgdl s) (gm2-cgd2 s) (-(gdsl+cbdl
s) (gdsil+gml+cbdl s) +(2 gdsl+gds5+2 gml+2 cbdl s+cbd5 s+cgdb s+2 cgsl s)
(gds1+gds2+gm2+cbdl s+cbd2 s+cgdl s+cgd2 s+2 cgs2 s)))

d(s) =
( )(—(—Cc s-cgd3 s) (gm3-Cc s-cgd3 s) (gdsl+gds2+gm2+cbdl s+cbd2 s+cgdl s+cgd2
s+2 cgs2 s) (-(-gdsl-cbdl s) (-gdsl-gml-cbdl s)+(2 gdsl+gds5+2 gml+2 cbdi
s+cbdb s+cgdb s+2 cgsl s) (gdsl+gds2+gm2+cbdl s+cbd2 s+cgdl s+cgd2 s+2 cgs2
s))- (gds3+gds4+cbd3 s+cbd4 s+Cc s+cgd3 s+cgd4d s+Cl s) ((cgd2 s (-gdsl-cbdl
s)+(-gdsl-cbdl s) (gdsil+gds2+gm2+cbdl s+cbd2 s+cgdl s+cgd2 s+2 cgs2 s))
(-(-gdsl-gml-cbdl s) (gm2-cgd2 s) +(-gdsl-gml-cbdl s) (gdsl+gds2+gm2+cbdi
s+cbd2 s+cgdl s+cgd2 s+2 cgs2 s)) -(-(-gdsl-cbdl s) (-gdsl-gml-cbdl s) +(2
gdsl+gdsb+2 gml+2 cbdl s+cbd5 s+cgdb s+2 cgsl s) (gdsl+gds2+gm2+cbdl s+cbd2
s+cgdl s+cgd2 s+2 cgs2 s)) (cgd2 s (gm2-cgd2 s)+(gdsl+gds2+gm2+cbdl s+cbd2
s+cgdl s+cgd2 s+2 cgs2 s) (gdsl+gds2+cbdl s+cbd2 s+Cc s+cgdl s+cgd2 s+cgd3
s+cgs3 s))))

0110000

00000000000 40 (00000000000 0o0o0ooDOo0ooUoDOooDo
O000000000D00000D00 (Quantifier Elimination :QE) 00000000000
0000000000 oo00oo0o00oO0oo00oo0o0ooOo0ooooooooo0n
O000oo0o0o0oO0o00oooO0ooo0ooO0o0oo0oooo0oooo0oooooooonn
O0000o0O000o0oOo0o0ooooO0ooooooooo

ooooooOOGBO QEOOOOOOOOOOOOOOOOOOOOOOOOOOOO
0000000000000000000000000000 cCADOOOOOOOOOO
O00(GB,QEODOODDOOD BLBoo0oODO)

oooooooooooikoooooooo GBOoOOOoOOOOOOOOOOOOOO
oooooo 0000000000000 O0O0O0O0OOOOOODODOOOOCOOOCOLOO
0000000 20000000 (0.25p mO 035y mOOOODOOOOOOOO)0O0O
O000o0O0000o0O00o00O0000000000000000000000000000
O0150000000000000000C000000000000OOOOOCCOOOO
0000000000 0000000000000000O000OO000O0O000000
00000000 100000 (0000000000 L)000oDU0ooooUoooo
00o0o0ooO0oooooOo 1/01/100000000



14 ooooO o0 soos0d 2001

§ il
4ok
5 op (2 /TiLiET]
= T T
§ il
1 ol
§ o Oonfiiki
T T T
w BEM] 1% os4rg  [EB] qomm
b — b 1135218 — 23218
o
: zu- = =
& o @EEFTOuh 9
T
1. E2 1. B2 1. E4 he;ﬁ:‘ir 1.Es8 1. 1.E2
O 12000000000
5 000

bobooobooooobooboooooboobooboobooobooooobooooon
gooooooooooboooooobobooooboo

e IOOOOODOODODO

gboogooboobooboboobooboobboobooboobbooobon
gboooobooboobobooobooboobboobooboobboooboo
gboboooboobooboboobooboobboobooboobobooobod
ugboogog

o JDODODODO

obooooooooooooboobobobooboooooboooooooooboooboon
obooooooooOooboboboooooooooooboooboobobobooboon



J.JSSAC Vol. 8, No. 3, 2001 15

BRETEICLDER A NE Z L HEH
=R = ZERE G EE |
w1 3T S e ml( ms_ccs)
The= GG+ gm30i+ ((%:CIECC)CQ+ Clcg)si2 R G1G1+gmsccs+(cccj' Cc;g:1+cccgdl+cccgd1+05301) ¢
E 2 E 2
(Rt (Bl- 551 AR | (Bt (P 1 mEAEED |
7= G,G, _C=gw3-1p=1gw;-4G,G,(C=C,+C=CQ+C=CM+C=Ce“+Ce,3C,)
Poamg,.C, i = 47C C,+CC,+C.C0 *C 0 *C a0y

U 13:000b0bb—000 vsOoOO

gbbobgdbbooobbooobooboooboooboobbooboaobooda
gboobobooboobbuooboobobooboobooboboobbooobad
000000000000000 (DoooU0oo0oUooO)00oUoooooooo
oooobOooooooboooon

e JOODOODO

go0oO0oO0OOOCOCOCOOCOOOOOO0O0OO GBOOODOO QeOoOoOoOoOoOooooOod
gbobobobooboooobooboooooooooboooboooboobobobooooo
000000000 (multi-objective design) 0 00000000000 OO0OOOO
000000000000 0oooooooooooo GBO0 Qeoooooooo
00000000000 o00UoOU00000oD00000o(ODo0o00)0DoOoOo
DoooooooooooooolD

Symbolic Circuit Analysis and Design 0000000000000 O00D0OOCO0ODOOO
0000000000000000000000000000000000000O0O0O0O0
000000000000000000000000000000000000000OoOa0
0000 (00000000)00000000000OU0D000D0000O00OO0OUSPICE
0000000000000 000000000000000 (DOD0ODO0ODOODOUOO
0000000000000 o0000)o

goodooooodobobooooobbbooooooboboooooboooo
gooobboooooooooboooooooboboooooooobboooooo
gooobooooooooboooooooobbooooooooboooboooo
000000000000000000000000000000000000o0o0o0o0oo

000000000000000000000000000000000oooooooon
00000000000 (D000 0O0O0)bOoU0ooO0DUOoOU0DoDoOOoUoOoOoUooOoO

)OOO00000000000000000000000000000000000000 QEOOOODOO
oooo Ro



16 ooooO o0 soos0d 2001

WA o, FL,
Do Wi/l 4

' ’ (S W,
Wi 1 T 2 [2a,a, LD II.
b Wa /L BW:C_ ap(L_1>I5 = 13
1

Wa/L
_‘-
L7

<EREtiEER

TR EEFR: a.
(I c=70WB®

BW=2 (MHD ...

T EFTFER: a.
(ID G= 70WB
BW= 2 (M) ...

Li=14&m
Wa=47648m

014000000

OO0 cADOOOOOoOopoooooooooooooooooo
gooboodboooobobooboboobobboobooboobooboboobon
gooboobgobobooboboobobooboboooboobobooboobg
gboooboboobobooboboboobobooboobobooboboobo
gboboobooboobd
oo00OoO00ooOoOoOoooooo0o0oDoOOoOooOooOoooOoOoOooOOoDoOg SPICED
OO00O0OO0OO0O0OD0ODOOOOOO0O Symbolic Circuit Analysis and Design 00000000
goooOoOoOoOoOoOoOOO cADODOOOOOOOODOODODO

gooo

000000000000 00000000 Analog InsydesDODOOOOOOOO R.
Sommer 00O (ITWM, Germany) 00 0000000000000 0OOOOOOOOOOO
gbooobOoooooboobooooboooooboooo

gobogoood

[1] Anai H. : Symbolic Analysis Techniques in Analog Circuit Design, Research Memorandum
ISIS-RM6J, ISIS, FUJITSU LABORATORIES LTD, 1996.



J.JSSAC Vol. 8, No. 3, 2001 17

2]

3]
[4]

[5]
[6]
[7]
8]
[9]

(10]

(11]

Vb Ve/ls 5 W/l .
o W 3o ) |04 15 | Eﬂigl
Wa/La
-
-%/L2 L4

mEHE#E [#eth (0351 m) [FEHI2 (0252 m)
ERFIE | 60dB< 67dB 68dB
i e 1MHz < 1.35MHz 1.18MHz

RHERHB | 45° < 83.2° 80.9°
HEE 05mw > | 0.125mW 0.067mW

g l1s5: 0000000

Anai, H., Hara, S.: A Robust Control System Design by a special Quantifier Elimination,
University of Passau, Technical Report: MIP-0004, March 2000.

Becker, T., Weispfenning, V.: Grobner Bases, GTM, Springer-Verlag, 1993.

Borchers, C. , Sommer, R. , Hennig, E.: On the Symbolic Calculation of Nonlinear Circuits,
Proc. International Symposium on Circuits and Systems Vol. IV, pp. 719-722, May 1996.
Caviness, B,F., Johnson, J, R. edtors.: Quantifier Elimination and Cylindrical Algebraic
Decomposition, Text and monographs in symbolic computation, Springer-Verlag, 1998.
Fernéndez, F.V. et.al editors: Symbolic Analysis Techniques — Applications to Analog Design
Automation, IEEE Press, 1997.

Gielen, G., Sansen, W.: Symbolic Analysis for Automated Design of Analog Integrated Cir-
cuits, Kluwer Academic Publishers, 1991.

Halfmann, T., Hennig, E., Thole, M., Wichmann, T.: ANALOG INSYDES — Command
Reference, ITWM, Germany, 1998.

Hennig, E. , Sommer, R.: Application of Computer Algebra Methods to Analog Circuit
Sizing, European Conference on Circuit Theory and Design, 1995.

Sommer, R. , Hennig, E. , Droge, G.: Equation-Based Symbolic Approximation by Matrix
Reduction with Quantitative Error Prediction, Alta Frequenza - Rivista di Elettronica 6/93,
Italy, Dec. 1993.

Sommer, R. , Hennig, E.: A Sizing Strategy for Linear Transistor Amplifiers Proc. 3rd Inter-
national Workshop on Symbolic Methods, and Applications to Circuit Design (SMACD’94),
Sevilla, Oct. 1994.



	はじめに
	アナログ回路とデジタル回路
	回路設計手法と問題点
	デジタル回路設計手法
	アナログ回路設計手法

	記号的アナログ回路解析
	特性式の導出
	パラメータ初期値の算出

	まとめ

