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.title homework 5 - problem la

.option nomod post
.include ../models.sp

ml out in 0 0 nmos w=4u 1=0.13u
m2 in in 0 0 nmos w=4u 1=0.13u
rref vdd in r=3.755k

vdd vdd 0 dc=1.2

vout out 0 dc=0.5

.op
.tf i(ml) vout

.dc vout start=0 stop=1.2 step=0.01

.end

.title homework 5 - problem 1b

.option nomod post
.include ../models.sp

ml out in sl 0 nmos w=4u 1=0.13u
rsl sl 0 r=1k

rs2 s2 0 r=lk

m2 in in s2 0 nmos w=4u 1=0.13u
rref vdd in r=2.635k

vdd vdd 0 dc=1.2

vout out 0 dc=0.7

.op
.tf i(ml) vout

.dc vout start=0 stop=1.2 step=0.01

.end

.title homework 5 - problem 1lc

.option nomod post
.include ../models.sp

ml outl inl 0 0 nmos w=4u 1=0.13u
m2 inl inl 0 0 nmos w=4u 1=0.13u
m3 out in outl 0 nmos w=4u 1=0.13u
m4 in in inl 0 nmos w=4u 1=0.13u
rref vdd in r=1.26k

vdd vdd 0 dc=1.2

vout out 0 dc=1

.op
.tf i(m3) vout

.dc vout start=0 stop=1.2 step=0.01

.end

.title homework 5 - problem 1d

.option nomod post
.include ../models.sp

ml outl outl 0 0 nmos w=4u 1=0.13u
m2 inl outl 0 0 nmos w=4u 1=0.13u
m3 out in outl 0 nmos w=4u 1=0.13u
m4 in in inl 0 nmos w=4u 1=0.13u
rref vdd in r=1.26k

vdd vdd 0 dc=1.2

vout out 0 dc=1

.op
.tf 1(m3) vout

.dc vout start=0 stop=1.2 step=0.01

.end




*kkkkk

homework 5 - problem la

* koK * small-signal transfer characteristics

i(ml) /vout 36.7195u
input resistance at vout = 27.2335k

*kkk kK

homework 5 - problem 1lb

*k ok x small-signal transfer characteristics
i(ml) /vout = 9.0106u
input resistance at vout = 110.9810k

output resistance at 1i(ml) = 27.2335k output resistance at i(ml) = 110.9810k
* k Kk k ok k * k Kk k ok k
homework 5 - problem lc homework 5 - problem 1d
* kK K small-signal transfer characteristics * %k kK small-signal transfer characteristics
i (m3) /vout = 435.4626n i (m3) /vout = 6.8154u
input resistance at vout = 2.2964x input resistance at vout = 146.7259k
output resistance at 1 (m3) = 2.2964x output resistance at 1 (m3) = 146.7259k
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.title homework 5 - problem 2

.option nomod post
.include ../models.sp

* main circuit

ml vol vil com com nmos w=4u 1=0.13u
m2 vo2 vi2 com com nmos w=4u 1=0.13u
m3 com bias 0 0 nmos w=4u 1=0.13u

m4 bias bias 0 0 nmos w=4u 1=0.13u
rdl vol vdd r=1k

rd2 vo2 vdd r=1k

* input network

vic vic 0 de=0.9
vid vid 0 de=0

edil vil vic vid 0 0.5 $ +vid/2 to positive input
edi2 vic vi2 vid 0 0.5 $ -vid/2 to negative input

* output network

ecol voc_1 voc_2 vol 0 0.5 $ construct (vol+vo2)/2

eco2 voc voc_1 vo2 0 0.5

voc voc_2 0 0 $ current probe (0V v source)
fcol vol gnd voc -1 $ feed current back to circuit

fco2 vo2 gnd voc -1
* gsupply and bias

ibias vdd bias dc=400u
vdd vdd 0 dc=1.2

* analysis statements

.0p

.probe dc vod=v(vol,vo2) wvoc=v(voc)
.dc vid start=-1.2 stop=+1.2 step=0.01
.dc vic start=0 stop=1.5 stop=0.01

.tf v(vol,vo2) vid
* tf v(voc) vic

.end

* %k ok kk

homework 5 - problem 2

*ok ok k small-signal transfer characteristics
(differential mode)

v (vol,vo2) /vid
input resistance at vid
output resistance at v(vol,vo2)

* ok ok ok small-signal transfer characteristics
(common mode)

v (voc) /vic
input resistance at vic
output resistance at v (voc)

-2.6078
1.000e+20
1.9311k

-35.3444m
1.000e+20
999.5331
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