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Mathcad page for solving the cubic equation needed to find VSS for vin=vout=0,
VDD given

KPn:=4-10" KPp:=2-10"
Whn :=100-10°° Ln:=10-16"° Wp :=400.10°° Lp:=10-16"°
VTOn:=1.2 VAn =100 VTOp:=-1.5  VAp:=50

An = ! Ip = 1
= VAn =
VDD:=5 VAp

kn = @E 1(11:2.]()_3 kp = @&
2 Ln 2 Lp kp=4-10"

Set up equations to solve for x=-Vss to give vout=vo=vi=vin when vin=0
-IDp=kp(VDD-vi-|VTOp|)*2(1%p[VDD-vo])=IDn=kn(vi+x-VTON)*2(1%n[vo+x])
which gives the cubic
x"3+(VAN-2VTON)x"2+(VTON*2-2VTOnVAN)x+VAn(VTON”2-[-IDp/kn])
=x"3+a2x"2+a1x+al

vii=0 vo =0
a2 :=VAn- 2.VTOn a2 =976
al :=VTOn’ = 2.-VTOn-VAn al =-238.56

a0 ::VAn-[VTOn2— (g (VDD-| VTOp|)*.(1+ 1p-VDD)
n

3
f(x) 1=X + a2 + al X+ a0 a0 =-2.551.10

Initial choice for x is found by solving with An=0 so that the equation is quadratic
x0=VTOn+(-IDp/kn)*(1/2)

X0.= VTOn+J

%) (VDD-| VTOp|)*.(1+ 1p-VDD)
n

X:=X0

root(f{x) — 0,x) = 6.237 x0 = 6.391

Therefore VSS=-6.237V give vout=vin=(
An alternate is to use the polynomial root finder polyroots(v) where v is the vector o
polynomial coefficients, starting with the constant term

a0
al

v = -99.735
a2 xv :=polyroots (V) xv=|-4.101
! 6.237

XV, = 6.237



xmin:=-100 xinc:=0.1 xmax:=3~§
2

X !=Xmin Xmin4- xinc.. xmax

5

2°10

1.5'105 //"
s/

fix) 1010
0 4 /

— 5°10 \

—5°10
~100 —80 60 —40 =20 0

x1:= XV, = xinc X2:= xv, + xinc
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