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Abstract

A new non-inferior solution is obtained by investigating method of weight p-norm to
explain the conception of MCO (multiple criterion optimization) problem. And then the
optimum non-inferior solution is obtained by the weight minimization method applied to
objective function of MOSFET NAND GATEAIlso this weight minimization method using
weight p-norm methods can be applied to non-convex objective function, The result of
this minimization method shows the efficiency in comparison with that of Lightner.
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=[x, L&), LEG)Z AYsiy F= matd 2y
F %k (output space) iR™o] 2 g€k wrels 74 X 9
Folwd F1iR"=R"2 o = v 48 go|o),

MCO 415 27043 g 3880 (1)

minf (x)

g(x)=0

hix)=0 (1)

ol MCO EAlol M+ 2 4 (optimality) A4 -2 o 4l 5}
®d non-inferiority'® /1'd, pareto-optimality!® 7|33,
minimality®! 7\ & MCO 4 2} 3l (solution) & A}-&
geh B4 &) 2A4gR), hx)E convex el
non-inferior N4 oh&3} o] Agjghc)

Ao (1) 3dH%7 iRel 4 AP EHF A (feasible
region) & Q2 5=

Q=ixlg)=<0, hx) =0} (2)
2 Aeojgrh

Ao 2)  £¥FAGR™ A
(lamda)g} 3l=

= f[f=T(x), x€0{ (3)
22 AHejdrt

Z74 ] 3l MCO £4 5 sl 435t~ e Zadeh'®
9| non-inferiority N3 g w2372 3o}

A (3) i A (point) x*€Qol4] x*Tuhol (x*+
A )EQR s& Ax7F EA8A gow Ax*e 4
(local) inferior & o)t}

ZF L(x+Ax) =f(x%), i=1,2, ~m

1 (x+Hax) <6 (x*) i (4)

Aoj4) o A x*e QoA x€Q7t HE A X7b o
ol Zajstx] gem x*& Fd (global) noninferior
A olek

Z fi(x) =6 (x%), i=1,

£, (x) <f; (x*), i%j (5)

dukE o2 MCOF A4 =
7} &4 3% non-inferior 8l )
i(set) elzbar 3] &4 fof
2] A}(image) &

|

2- non-inferior 3}
%1% non-inferior &
) &} non-inferior A&t
= (surface) o|2} ghchl

non-inferior

M. Weight P-Norm!* ttd

{ Weight p-norm & 237 Mo 22
Z27¢ FYFH E2Add AL To HE(hen)
$ E@39] ol non-inferior B T3 $-9 (unique) 3}

+ 148 (first qudrant) ol tZHEP—: 27 &

A3} 7ol ek,

83

f*eAcldl T*>00lch o 2o wa} weight p-
(6) 4l oz ¥ &g}

norm ’-EV‘ (D=

U (D= Will, 1<p<oo (6)
A61% v e elnl
I R (I (7)

2 =t A7)% 2zl non-inferior Wo| AlA)
A4k Level 43 L% 4(8)3 o] Zdeln 3
43 AAg V)slatH o g a4 g
LY (o) =1 Uy (1*) < ! (8)
4(8loflA] p=1o]m
LY () ={f|U¥ (D) S a!
={THWT||<al

714 [ IWE|), = Z [wifi] el e,

A e g p=2, coYui A9z TR
|I>'(fll2=§|mf,|z)‘“
XTI = max|wif| (9)

uw} e} ’i_] [wi i |7} unit norm, i= 1, 20w 2.al]
1=1
Z5o

T

3™ 1. Unity norm, p=1, 2, 9 level A&
Fig 1. Level sets of the p—1, 2, o with unity
weights,

AE(5)Y FFNY AdlA R HaA ) Tro|
>0, W=diag(w) °]= T*€ A% non-inferior

73 del(5)ell - 2.E non-inferior @ & 7z}
o) 2% weight & ek abel Pl 1R &9
aAols min||wi*||=10] A=t ofuw] Wt
p=o0dul non-inferior 2} Fe1% weighto|mz ¥
¥ weight(canonical-weight) 2} 3t} 2o  2(8)
o level A&} LYK olm LF*(1)e & 2Y(positive
coner) ol 4} AHT*el HA-G ol Fch o] YL o]Ls}
of A{0e] tFelm bzt e Myt Ayt
LE(P) =T W . | WE* |t (10)



2

<]

Aejp) A PFeAs W>00/2 1spsooo|dd
F*= non-inferior Aolth. & LY*) NA={T* (11)

L

o} glr}

. Non-Inferior0ll CH3E Weight &4

II, WAoNA non-inferior siell i {3 3 weight
p-normutdjo] thdled =olslgich YHEH S 2 non-
inferior 8l 5383 Z£a3kcl. )& non-inferiorsf-E
T317] Ysted weigt p-norm¥ oA p= 129l weight
7} 3k (weight sum methods)# p=c0g]l weight max
norm=b ol thaled =957 2 {eh =] weight 7H
ol oS £hd 23 4= (single
objective function) & 2 2 3} (#4315 oin|geh) 3fe
A5 ¥}

= 2
Eigt

=1

2

) =1 Wik (0 (12)
o 7)ol A f(x) & convex @olch
3% £33 R4 &g Aol boundary

search'® 9l & o]L3lod 27| weight & A= b 4
(302 A7} ek

W, ;™0 4+ W, £, + W, ™ =C

W, 28 W, ;710 4 W, 2% =C

Wi, ™ + W £, + W, ;™" =C (13)
. W.  Ah(x)
o A sy b=
AyE Hlshd W, ALGY (14)

o} 7)ol 4] Af, (x) = f;max —f,min
Afz (;) :fzmu kfzmln °]f+.
W= 1/A% (x)ekgd A12: 4152 Fdsich

AT (;), 0, 0 fi (x)
1 -
0, A 0 f, (x) (15)
1 —
0, 0, m fi (x)
QutH 02 maYd(m= 3) 2] weights= 216z Z3
ghet,
_ 1 1 1
Diag (W) =Dmg<Af, @ AL AL (i)""
1
Ah(i)) (o)
wpebd] (m+ 1)HM 9 weight vector W2 4
nz sk
Diag (Wn, ) = Af (x) - Diag (W) =Diae( 1 %2—%“
A0 ALK
ARR) T A ) an
ool wjos 7% mMNe non-inferiord-E %9

FHHA Al Wekel A4 ez mdsid A9z

(172)

Weight S/MEik-S FIAE EpE #it

"t
fi (x*)
x
wT f‘(_;) -1 (18)
fm (x*)
=l weight Al=9tHe)l weight max norm(L.) %
e AnellA p=codl H$olzmz A9ez E¥
e},
min} | Wi f, (X || =min maxi W, £ (x) } (19)
A19-¢ FA ez Fdshd 4R0ez Hrt
min y
1 - -
2748 W (f—1% (20)

ANl y+ 74 o7 Goal attainment'* ¥
ez #is 7% + Uk

L. 2 non-inferior 3 t*& 4}(8}2} level ¥ Aojoll
o3l A Y (positive coner)oll Azt gk} 403
9] non-inferior 3 f*o} ¥F weight Wii*s ot23 2
o] Helget

A2l (4-1)f*e Aol W=Diag(Wii*), i=1,2,---m
ol EE weight Wit Wu=, oleh

A1(8), (9)ell 4 T8 non-inferior 8 f*&
slc}. Lightner'™ & 8Hf(x) 7} convex U#i% non-
inferior f*& F2dtod 7zt Faiglo £ =FolH
= o8 e Aol 9slod non-inferior HE T3}
712 et

(unique)

A (7) F5T= convex'!, T*e A, ||WT-F*||=
1o] 4ashad p=1, 2, codwe] non-inferiorsh f*
© Mz dA gk
(29) non-inferiord] f*7} AxarE ol wtod

Taylor M4 ol 9kl

f(x*+AX) =T(x*) + g—){ AX+y

1-Norm 2-Norm
Solution

Max Norm
Solution

F,

82, fe A7} convex @4 7F ofbd AF 1, 2, o
norm% 22 T3 non-inferior 8j

Fig 2. Non-inferior solution found to be minimizing

1,2, © norms feasible nonconvex

region(fe A).

over



1985F 38 WMTLBREEE $H 2% Foun

x*el A WH(x) 7h # 4 olwd WTal/ ax=00% o]}, =}
FA WTG*+A%) =WTE*) +WTy2Wix) 2 =t
o} 7)ol 4] T convex @4-©]| 2 & y(high order terms)
L 00| e} zelz=g z}7be] non-inferior i
A&k Q.E. D

282, 3904 4 17} convex,

T

non-convex 4

non - inferior £*¢| A& vhepuielch
F,
1-Norm 2-Norm
Max Norm
~N Solution
~
~
~
N
~
~
S F,
a2l3. Te AdlA 17} convex T4 1,2, © normdt
o g % non-inferior 3}
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Table 1.

MOS-NAND #Alo|E A =A4
MOS-NAND GATE Design constraints.

and constraints MOSFET

Parameter values, constants,

NAND GATE (4190) cell

PSI=0.5771 Vin=—6(ON state)
K =0.5 Af =1. 03657

GM =0.006 Cl =5pF

L, =12, 7microns Vis=—0.837

L,, =5.08 5 =W=50

Vop =—6.5 50= W, =250

—15.01€V,e=—14.5

F1lolA 241 2 Director 8 Hachtel® o]
3t Vi (flat band voltage) s Z74leg Atz
e Ao Ak 27 7oA 23(6)S P MOS

=z
o

NANDAlo]E 9 7)5tat2 HedtZ (layout) & E4]
slglen] MOSE#MA]AH (transistor) T, T &
Wug‘}' T|94 ‘)}F Wl’g: }-{‘*—lii 26‘6}:'% wz= -2 Aé

Aglcl w3 channel Z°[(legnth)+ Lp=L,+2Ls
2 AAgnh

NANDH o]l E Ed &4 (x)&
(propagation delay time)fl (x).

o A4
Elei A f, (x),
22 23519 (output saturation voltage)fy(x) & 4
Aot Ztzte] BAY4E Hazed vk o 7]elA
(), ()€ DCaldat 712 gk fG)eld A
LA A A ZEL ta=(toaont Tonorr /201 22 toa v toa orr
Aol t=torr & Tt

Aol E. A
EdxA
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[ P-Regin (E% Drain T1
Poly. Sil
rape v
Ve
Lus . Lu A"
Ml i r
T Z Source T3
A Gate T3
/ /// Source T2/Drain T3
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Fig 7. P MOS NAND GATE (4190) CELL.
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f (x)& Az A}
£, (x) = AF“I; ' a (24)
olelgt ez BAYS LK), fhK)E A, 06
2 sk
£, () =W L, +2 Ly Wi, (25)
fy (X) =—Vo=Vosar (ON output voltage) (26)

A4, @5, 265 ol &3de] MCOTAZ Hd3ld 4
enez Xk
£, (x)

fx) =1 () (27)
£, (x)
of7lell 4 Z2AAL f,(x) <110 (n sec), 5=X,=50
X =W,
f, (x) =2550 (Mils?) 5=x,=50, 50=x,<250
fy (x) = |L.6] (Volt) —15.00<x,=—14.95, x,=Ve
A9 e F3l7] A8 AA) R weight sy

©_ 2 non-inferior 3 & %%}7]1 g}, Weight 7134
2 (x) = || Wi, (x) i = Z Wif, (x) ©] =2 Brayton
oﬂ o} shed B/ ax— zwlaf/ax— 0olal Ypgoz Hch

£(x) = min X [[WiF, () Il (28)
88 200l digistd Ao g ot
f(x) =min X (W, £, (x) + Wafs (x) + Wy 1, (%) (29)
2714 ¢ xell

= (Wy, Was, Vea) = (Xi0 Xa, Xs)
A160% 223} 517 A& sholA Flecter Powell

95} Gradient projection( & o &3z %
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t}. Powell}d], projection®¥ o} A g442 23

34 (quadratic function) el@l &7 4 (constraints)
o Powelly & A3, »lAddol BALY projec-
tion#hl e 224 (G(x))el ku4] A golejop &t
o Flof Al mz e shE HEl gradient pro-
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e
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JEZ)
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Rk
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Gradient projection &itgld
Gradient projection algorithme flow-charts.
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3 ozbol WEE 4 Uvk
£ G0 =W f () —f x8) PP=W[X,—X.]*  (30)

5% X,=50, 55=<X,=110
A8l L) ()
xF, x¥) )Polm i ABhz ek

=\N2[fz (x1s Xz, x3) — 1z (Xl‘l.

f,(X) = W, (168.2 x?+270.5x,x, +112.3x} —25.52x,x,
—21.2 x,x3+x%) (31)
5 <x,=50, 50=x,<250, 12505 x;=2550
Ao i) FAs f(x) 5 f(x) =Ve=Ves— Vn,
Vi Vip—Qa/ Ci 42 ¢ 12 01 22 Vi 3% Minimos tju}
o]~ simulatorel o}& Fabck (5 ZE).

webd f(x)E As)ez ot
fa (;) '=W3{X|“"X2}2 (32)
—15.01=X, = —14.95, —13.52=< X, = —13.51

£ ghg le (A8 ]
WKy, 44

lnmrm Program

tfupel s
Acen s Limin 44

Lt 48

X

NEW W, =1/f(X}

% 9.
Fig 9.

A HEFE

System flow-charts.
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E 2. Minimos 9 &deje}l HF 3. Minimos £3 tlole}

Table 2. Minimos input data. Table3. Minimos output data.
Minimos 2.1 TU Vienna YE/MO/DA HO.ML SE] Minimos 2. 1 TU Vienna YE/MO/DA HO.MIL SE
Simulation of MOSFET Simulation of Mosfet Page 2
Device channel=P Gate Poly Tox=250.E-8 W=30. E-4 Source Voltage = 0.00(V)
L—12.708E-4 Gate Voltage ~ =— 14.50(V)
Bias US=0, UB=0, UG=—14.5 UD=-6.5 Drain Voltage —— 6.50(V)
Profile NB=1. E15 Temp=1000 Time=1500 NS=1. OE19 Butk Voltage - 0. 00 (V)
Output DC=Yes PSI=Yes Elat=Yes Etran=NO Fermi Voltage —=—287.45(MV)
M"§i'¢NO Jiran=NO Built-in Voltage —=—813.01(MV)
END Flatband Voltage = —837.45(MV)

Thermal Voltage =  25.85(MV)

28 9 o %A BER (flow chart) & A4 sl Oxid Capacitance =1. 38E-07 (F/CM % % 2)

c}. A %o projection L& 1ze 1070 F g

aeinp 1A Frzasogz FAH] 9 o] dx weight’ 442 34 235 2% non-inferior E
©F% VAX-1/780 AFHE dastel A% E4,  deidgleh 33 Aa4E (8] =83 e
5, 6 “HElHY weight 7} [1, 0,07, {0,1,0], [0,0,11¢ =} £ non-inferior
£ 4ol BA9 () E weight AWPoT o o0h (818 A o FHanE A% o 5

4 %% non-inferior 3% ehA® F 5014 f(x) et AT LA 2443 £, (0 F YA &

7} convex¥4-2 B #sl7] Y3 A 2F weight Wil [8] =59 f,(x) 2t ©f AAE non-inferior &
£ AAdsle TS dehdgdch EeolA AAH Faldent 244 X5 ¥ed A7 MOS-NAND A

g3 4. Weght 71§44 9] non-inferior 3
Table 4. Non-inferior solution of weight SUM method.

RUN Ws Wai/iht Ws I B TR (AREI;.; ();3 ®wosan] X X >)((:* X,?
1 1 0 0 57.105 | 2549.6 0. 9695 15.208 | 48.206 | 182.5 14. 49
2 0 1 0 112.019 | 1266.11 0. 9695 7.7530 | 31.04 82.08 | 14.49
3 {o 0 1 112.019 | 2549.6 1.812 7.7531 | 48.206 | 182.5 15. 342
4 0.0398 | 0.00207 | 1.276 | 86.962 | 2069.49 1.753 9.9871 | 39.68 147.47 | 15.283
5  |0.0293 | 0.00144 | 1.7050 | 77.959 | 1857.83 1. 556 11.1433 | 39.67 127.49 | 15.086
6 |0.0114 | 0.00134 | 1.8917| 87.58 1805. 034 1. 4981 9.916 | 41.4 12045 | 15,028
7 10,0203 | 0.02762 | 2.064 | 77.959 | 2513.88 1.4851 11.140 | 47.89 179.51 | 15.015
8 |0.1538 | 0.00104 | 1.6789 | 105.55 1591. 72 1. 5651 8.228 | 45.50 95.51 | 15.095
k3 5. 2% weight 4432
Table 5. New weight generation table.

RUN W, W;jfh‘ W, | W.F.X W’Féf(()x) W, Fs (X) W, W, W,

1 1 0 0 57.105 0 0 0.01751 | 1/0-MAX |10=MAX

2 0 1 0 0 1266. 11 0 1/0—MAX | 0.000789 | 10=MAX

3 0 1 1 0 0 1.812 1/0=MAX | 1/0=MAX | 0.5518

4 0.0398 | 0.00207 | 1.276 3. 461 4.283 2.236 0.288 0.233 0. 4472

5 0.0203 | 0.00144 | 1.705 2.284 2.675 2.6529 | 0.4378 0.3738 0. 3769

6 0.0114 | 0.00134 | 1.8917 | 0.998 2.418 2.8339 | 1.0020 0.4135 0. 3528

7 0.0203 | 0.02762 | 2. 064 2.284 67. 942 3.0652 | 0.4378 0.01471 | 0.3262

8 0.0583 | 0.0104 1.678% | 16.708 1.655 2.6276 | 0.05985 | 0.6042 0. 3805

(176)
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¥ 6. Weight 34382 non-inferior 3l
Table6. Non-inferior solution of weight minimization method,
RUN | W, xW, | W, xW, | W, xXW, F, (X) F, (X) Fs (X) X,*(TPD) X,* X,*(AREA) X* (VG) 1
1 ; . |
1 0.01751 | O 0 57.110 MAX (=0) MAX 15,2074 48, 201 182.5 14. 49
2 0 0. 000789 i 0 MAX 1267.427 | MAX 7.7530 31. 05 82.21 14. 49
3 0 0 0.5518 MAX MAX 1.812 7.7531 48. 206 182.5 15. 342
4 0.01146 | 0.000482 | 0.5706 87. 260 2074.688 | 1.7525 9.9530 39.5 148. 02 15.2725
5 0.01282 | 0. 000538 | 0.6426 78.003 | 1858.736 | 1.5561 11134 39.68 127.62 15. 0761
6 0.01142 | 0.000554 | 0. 6655 87.565 | 1805.054 | 1.5026 9.9183 41.3 120. 47 15. 0226
7 0.01202 | 0.000406 | 0.6732 78.003 | 2463.054 [ 1.4854 11,134 47.05 175.23 15. 0054
8 0.00947 | 0.000628 | 0.6388 105.596 | 1592.356 | 1.5654 8. 2247 45.52 95. 54 15. 0854
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