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miller opamp with zero compensation

.model nch nmos level=l tox=2% vto=0.5 kp=140e-6 lambda=0.1 gamma=0.5 phi=0.6
+capop=0 cgso=5e-10 cgdo=5e-10 cgbo=4e~10 cj=6e-4 cisw=2e~10

.model pch pmos level=l tox=25 vto=-0.5 kp=65e-6 lambda=0.15 gamma=0.5 phi=0.8&
+capop=0 cgso=5e-10 cgdo=5e-10 cgbo=4e-10 ci=be-4 cisw=2e~10

.param wl = 10u

.param 11 = 0.18u Vew e 40 @4
.param w2 = 5u

.param 12 = 0.18u ;

.param wz = 6.95u ]

.param lz = lu P _ ¥
.param lam = 0.0%u

.param al = ‘4*lam*wl’

.param pl = '8*lam+wl’

.param a2 = ‘4*lam*w2’

.param p2 = '8%lam+w2’

.param az = ‘4>lam*wz’ T

.param pz = 'B*lam+wz’

vdd wdd 0 0.%
ves ves 0 -0.9

* get up common mode and differential inputs

vic vic 0 0

vid vid 0 0 ac 1

el vil vie vid 0 0.5

e2 vi2 viec vid 0 ~-0.5

ml 3 viZ 2 2 pch wewl 1=11 ad=al pd=pl as=al ps=pl

m2 4 vil 2 2 pch w=wl 1=11 ad=al pd=pl as=al ps=pl

m3 3 3 vss vse nch w=w2 1=12 ad=a2 pd=p2 as=a2 ps=p2
mé 4 3 vss vss nch w=w2 1=12 ad=a2 pd=p2 as=a2 ps=p2
a5 2 1 vdd vdd pch w=wl 1=11 ad=al pd=pl as=al ps=pl
mé out 4 vss vas nch wawl 1l=11 ad=al pd=pl as=al ps=pl
m7 out 1 vdd vdd pch w=wl 1=11 ad=al pd=pl as=al ps=pl
8 1 1 véd vad pch w=wl 1=11 ad=al pd=pl as=al ps=pl
m$ 5 vdd 4 vss nch w=wz l=lz ad=az pd=pz as=az ps=pz
o 5 out 10p

il 10 20u

options post=2 nomod pztolsle-4 unwrap accurate captab
probe ac vdb{out)} wvplout)

op

tf v{out)

pz v{out}

ac dec 10 10 1g

end
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operating point information

ww#x%* operating point status is all

node

+0:1
+0:4
+0vdd
+0:vic

=yoltage

[N I

0.

**x* mosfets

subckt
element
madel
id
ibs
ibd
gs
vds
vbs
wth
vdsat
beta
gam eff

gm
gds

gmls
cdtot
cgtot
cstot
cbtot
cgs
cgd

subckt
element
model
id

ibs
ibd
vgs
vds
vbs
vth
vasat
bheta
gam eff

gds

cdtot
cgtot
gstot
chtot
cgs
cgd

0:ml
G:pch
-9, 62940

0.
9.0009£
~568,5477m
~300.0942m
0

-500.0000m
~68.5477m
4.0987m
500, 0000m
280.9539u
1.2726u
90.6775u
8.1535¢F
26.6472¢F
25.8792%
7.5295¢£
21.5752¢F
5.0000fF

Q:m7
O:pch
-20.2454u
0.
6.8996f%
~500.8027m
~-689.9608m
0.
~500.0000m
-100.8027m
31.9848m
500.0000m
401.6828u
2.7520u
129.6426u
B8.3290%f
26.6472¢F
25,8792¢F
7.7050f
21.5752£f
5.0000f

node

299.1973m 0:2
~331.5470m 0:5
900.0000m 0:vil

0:vid

0:m2
O:pch
-9 ,6294u
0.
9.0009¢%
~568,.547Mm
~900.0948m
0.
~500.0000m
-68.547 7
4.0987m
500.0000m
280.953%u
1.2726u
90.6775u
8.1535¢f
26.6472¢%
25.8792%
7.5295¢€
21.5782¢%
5.0000£f

0:m8
Q:pch
~20.0000u

0.
6.0080¢%
~§00.8027m
~-600.8027m

g.
~500.0000m
~100.8027m
3.9365m
500.0000m
396.8146u
2.7520u
128.0714u
8.4145f
26.6472£F
25.8792fF
7.7905¢%
21.5782¢%
5.0000f

=voltage

= §568.5477Tm 0:3
==331,5470m {:out

= 0.
=

0.

0:m3
0:nch
9.629%4u

0.
~5,6845¢
568.4535m
568.4535m

0.
500.0000m
68.45%35m
4.1100m
500.0000m
281.340%7u
911.1431n
90.8023u
4.2840fF
13.3596¢f
13.0116f
4.0800f
10.7876£
2.5000f

0:m9
0:nch
~-574.1374f
-5 ,6845¢£
-5 . 6845€
1.231%
-1.0202n
~568,4530m
653.1767m
1.0202n
973.0000u
500.0000m
992,6813f
562.7544u
228 ,.5854f
65.9064F
71.3486%F
5.9078f
5,2655¢f
3.4750f
67.4736£

tnoms 25.000 temp= 25.000
simulation time is )
node zvoltage
=-331.5465m
= 210.0392m
{hvil = 0.
(h:vss =900 .0000m
0:mé 0:mb O:mé
0:nch 0:pch O:nch
9.6294u -19.2587a 20.2454u
0. 0. 0.
-5.6B45¢ 3.3145f ~-11.1004f
568.4535m ~600.8027m 568.4530m
S68.4530m ~331.4523m 1.1100
0. 0. 9.
500.0000m -500.0000m 500.0000m
68.4535%m -100,8027m 68.4530m
4.1100nm 3.7906m B.6411m
500.0000m 500.0000m 500.0000m
281.3406u  382.1077u 591.3117a
911.1431n 2.7520u 1.82233u
90.8023u 123.3247u  190.9086u
4.2840F 8.7285£ B.0067£
13.3596f 26.6472%F 26.6472%
13.0118f 25.8792¢% 25.8792f
4.0800£ 8.1045¢ 7.3827¢F
10.7876% 21.5782%F 21.5752¢F
2.5000f 5.0000£ 5.0000£



small-signal transfer characteristics

f - C
viout) /vid [16.6101kle P “’Zt’ L
input resistance at vid 1. 000e+20 Spun
output resistance at v{out) 218.6150k
pole/zero analysis tnom= 25.000 temp= 25.000
input = 0O:vid cutput = v{out
poles (rad/sec) poles { hertz)
**i&i**************t*tt*t#*i*******wtg************************Wi*ﬁ***
real imag real imag
~-1.6649k 0. -264.9742 0.
-4.3093g 0. ~-685.8519x% 0.
~7.3316g 1.5630g ~-1.1669g 248.7634x
~7.3316g ~1.5630g ~1.1669¢g ~248.7634x
-11.7501g ~3.6565g -1.8701g ~-581.9436x%
-11.7501g 3.6565g ~1,8701g 581.9436x
zeros {(rad/sec) zeros { hertz)

tﬂ****i#w****************************t&*********i**&**********i******

real imag :
~896.6426x% 0. :
~4&,7170g 0. i

vwo BUP zero
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miller opamp with zero compensation

.model nch nmos level=l tox=25 vto=0.5 kp=140e-6 lambda=0.1 gamma=0.5 phi=0.6
+capop=0 cgso=5e-10 cgdo=5e-10 cgbo=4e-10 ¢j=6e-4 cjsw=2e-10

.nmodel pch pmos level=1l tox=25 vto=-0.5 kp=65e-6 lambda=0.15 gamma=0.5 phi=0.§
+capop=0 cgso=5e-10 cgdo=5e-10 cgbo=4e-10 cj=6e-4 cisw=2e-10

.param wl = 10u
.param 11 = 0.18u
.param w2 = 5u
.param 12 = 0.18u
.param wz = 6.95u
.param 1z = lu
aed
W e
(" by#‘
ot A
?4$F Qfd\ éuy°
Md"‘w 05"’(‘
wu
vdd vdd 0 0.9 X°
vss vss 0 ~-0.9

* connect amp in unity-gain feedback and set step input k
vin vil 0 0 pwl On Ov, lu Ov, 1.0lu -0.5v, 2u -0.5v, 2.01u Ov, 3u Ov
vshort out vi2 0

ml 3 vi2 2 2 pch w=wl 1l=11 ad=al pdspl as=al ps=pl

m2 4 vil 2 2 pch wswl 1=11 ad=al pd=pl as=al ps=pl

m3 3 3 vss vss nch w=w2 1=12 ad=a2 pd=p2 as=a2 ps=p2
md 4 3 vss vss nch w=w2 1=12 ad=a2 pd=p2 as=a2 ps=p2
m5 2 1 vdd vdd pch wswl 1=11 ad=al pd=pl as=al ps=pil
mb out 4 vss vss nch w=wl 1l=11 ad=al pd=pl as=al pse=pi
m7 ocut 1 vdd vdd pch w=wl 1l=11 ad=al pd=pl as=al ps=pl
m8 1 1 vdd vdd pch w=wl 1=11 ad=al pd=pl as=al ps=pi
mo 5 vdd 4 ves nch w=wz l=1z ad=az pd=pz as=az ps=pz
ce 5 out 10p

il 10 20u

options post=2 nomed pztol=le-4 unwrap accurate captab

op
tran 0.01u 3u

end

**exex  operating point information tnom= 25.000 temp= 25.000
L 2 4 &7

**** operating point status is all simulation time is 0

node zvoltage node =voltage node =voltage

+0:1 = 299.1973m 0:2 = 568.5577m 0:3 =~331.5492m
+0:4 =-329.9111im 0:5 =-329_.9111im O:out = 12.7373u
+0:vdd = 900.0000m 0:vil = 0. 0:vi2 = 12.7373u
+0:vss =-900.0000m



rurk mosfers

subckt
element O:ml
model 0:pch
id -9 ,6286u
ibs 0.
ibd 9,0011¢%
vgs ~-568.5449%9m
vds »900 1069m
vbs
vth -SOO 0000m
vdsat ~-68.5449m
bheta 4.0887m
gam eff 500.0000m
am 280.9430u
gds 1.2725u
gmb 90.6740u
cdtot 8.1535¢F
agtot 26.6472F
cstot 25.8792¢€
chtot 7.5295¢%
cgs 21.5752¢F
cgd 5.0000f
subckt
element - O:m7
model Q:pch
id -20.8234u
ibs 0.
ibd 8.9999f
vgs ~600.8027m
vds -899.9873m
vhs 0.
vth ~500.0000m
vdsat -100.8027m
beta 4.0986m
gam eff 500 0000m
gm 413.1505%u
gds 2.75%20u
ook 133.3438u
edtot 8.1536f
cgtot 26.6472¢F
cstot 25.8792¢F
chtot 7.5296f
cgs 21.5752fF
cad 5.0000%f

0:m2
O:pch
-9.6301u

0.
8.9847f
~568.5577m
~B9BR . 4688m

0.
~500.0000m
-68.5577m
4.0978m
500.0000m
280.9344u
1.2730u
90.6712u
8.1548f£
26.6472%
25.8792¢€
7.5308£
21.5752¢F
5.0000£

0:m8
O:pch
-20.0000u

0.
6.0080f
-600.8027m
~600.8027m

0.
~500.0000m
~100.8027%m
3.9365m
500.0000m
396.8146u
2.7520u
128.0714u
8.4145¢f
26.6472f%F
25.8792fF
7.7905f
21.8752F
5.0000f

Q:m3

{O:nch
9.6286u
g.
~5.6845¢F

%68.4508m

568 4508m

500 0000m
68.4508m
4.1100m
500.0000m
281.3295u
911.0714n
80.798%u
4.2840¢f
13.3596£
13.0116¢
4.0800f
10.7876¢€
2.5000f

0:m9
0:nch
-575.7898¢F
-5.7009€f
«5 7009¢
1.229%
~-1.0267n
~570.0889%m
653.5549m
1.0267n
973.0000u
500.0000m
999,.0171f
560.7946u
230.8891¢F
65.9052¢F
71.3486f
%.9066fF
5.2631fF
3.4750fF
67.4736F

0:mé

0:nch
9.6301u

oﬂ
~5.7009f
568.4508m
570.0889m

0.
500.0000m
68.4508m
4.1106m
500.0000m
281.3731u
911.0714n
90.8128u
4.2832¢
13.3586¢F
13.0116f
4.0792£
10.7876f£
2.5000f

0:m5

0:pch

-19.2587u
0.
3.3144%

~600.8027m

-331 4423m

-500 0000m
~100.8027m
3.7306m
500.0000m
382,107
2.7520u
123.3245u
8.7285¢%
26.6472F
25.8792¢F
B.1045¢%
21.5752¢%
5.0000f

Q:mbé
G:nch

20.8234u

0.
~-9.0001f
570.0885m
900.0127m

0.
500.0000m
70.0889m
8.4778m
500.0000m
594.1985u
1.9104u
191.7768u
8.1536f
26.6472f
25.8792¢€
7.5296¢F
21.5752¢F
5.0000¢
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miller opamp with zero compensation

.model nch nmos level=1 tox=25 vto=0.5 kp=140e-6 lambda=0.1 gamma=0.5 phi=0.6
+capop=0 cgso=S5e-~10 cgdo=5e-~10 cgbo=4e-10 ci=6e-4 cisw=2e-10

.model pch pmos level=1 tox=25 vto=-0.5 kp=65e~6 lambda=0.15 gamma=0.5 phi=0.6
+capop=0 cgso=5e-10 cgdo=5e-10 cgbo=4e-10 cj=6e-4 cjsw=2e-10

.param wl = 10u
.param 11 = 0.18u
.param w2 = 5Su

.param 12 = 0.18u
.param wz = 56u
.param lz = lu

.param lam = 0.0%u
.param al = '4*lam*wl’
.param pl = '8*lam+wl’
.param a2 = '4*lam*w2’
.param p2 = ‘8*lam+w2’
.param az = ‘4*lam*wz’
.param pz = ‘8*lam+wz’

vdd vdd 0 0.9
vES ves 0 ~0.9

* get up common mode and differential inputs

vic vic 0 0

vid vid 0 0 ac 1

el vil viec vid 0 0.5

a2 vi2 vie vid ¢ ~0.5

mi 3 vi2 2 2 pch w=wl 1=11 ad=al pd=pl as=al ps=pl

m2 4 vil 2 2 pch w=wl l=11 ad=al pd=pl as=al ps=pl

m3 3 3 vss vss nch wsw2 1=12 ad=a2 pd=p2 ag=az ps=p2
méd 4 3 vss vss nch w=w2 1=12 ad=a2 pd=p2 as=al ps=p2
m5 2 1 vdd vdd pch w=wl ]l=11 ad=al pd=pl as=al ps=pl
mé out 4 vss vss nch wswl 1l=11 ad=al pd=pl as=al ps=pl
m7 out 1 vdd vdd pch w=wl 1l=11 ad=al pd=pl as=al ps=pl
m8 1 1 vdd vdd pch w=wl 1=11 ad=al pdspl as=al ps=pl
nd 5 vb 4 vss nch w=wz l=lz ad=az pd=pz as=az ps=pz

mlo vb 1 vdd vdd pch w=wl 1=11 ad=al pd=pl as=al ps=pl
mll vb vb 6 vss nch w=wl 1l=11 ad=al pd=pl as=al ps=pl
mlz2 6 6 vss vss nch w=wl l=11 ad=al pd=pl as=al ps=pl
ce S out 10p

il 10 20u

.options post=2 nomod pztolsle-4 unwrap accurate captab
probe ac vdb(out) vp{out}

.op

tf v{out) wvid

pz v{out) wvid

ac dec 10 10 1lg

end
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operating point information

v####* operating point status is all

node

= 299.1973m 0:2
=-331.5470m 0:5
210.0392m O:vb

node =voltage

+01%

+0:4

+0:out =

+03:wvil = 0.

+0:vid = 0.

whet mosfets

subhckt

element O:ml

model O:pch
id -3, 62940
ibs 0.
ibd 9.00009f
vgs ~568.547m
vds ~-900.0942m
vbs 0.

vth ~500.0000m
vdsat -68.547Tm
beta 4.0887m
gam eff 500.0000m
gm 280.953%u
gds 1.2726u
gmb 90.6775u
cdtot 8.1535¢f
cgtot 26.6472f
cstot 25.8792¢£
chtot 7.5295¢%
cgs 21.5752¢F
cgd 5.0000fF
subckt

element O:m7

model 0:pch
id -20.2454u
ibs 0.
ibd 6.8996¢
vgs -600.8027m
vds -£89 .9608m
vbs 0.
vth -500.0000m
vdsat -100.8027m
beta 3.9848m
gam eff 500.0000m
gm 401.6828u
gds 2.7520u
gmb 129.6426u
cdtot 8.3290f
egtot 26.6472fF
cstot 25.8792f
cbtot 7.7050f£
cgs 21.8752¢%
cgd 5.0000f

O:vi2
():vss

0:m2
0:pch
-9.629%4u
0.
9.0009f
~-568.5477m
-900.0948m

0.
~500.0000m
-68.5477m
4.098M
500.0000m
280.953%u
1.2726u
80.6775u
8.1535¢%
26.6472¢F
25.8792f%
7.5295¢f
21.5752€F
5.0000f

0:m8
0:pch
~-20.0000u
0.
6.0080¢f
~600.8027m
~500.8027m
4]

-500.0000m
~100.8027m
3.9365m
500.0000m
396.8146u
2.7520u
128.0714u
8.4145f
26.6472F
25.8792¢%
7.7905¢%
21.5752¢
5.0000f

=ypltage

tnoms

node

= 568,5477m 0:3
=-331,.5470m 0:6
391.5016m 0:vdd

= . O:vic
=~900.0000m
0:m3 0:mé
O:nch ¢:nch
9.62%4u 9.62%4u
0. 0.

-5, 6845¢F ~5.6845¢f
568.4535m 568.4535m
568.4535m 568.4530m

0. 0.
500.0000m 500.0000m
68.4535m 68.4535m
4.1100m 4.1100m
500.0000m 500.0000m
281.3407u 281.3406u
911.1431n 911.1431n
90.8023u 90.8023u
4.2840f 4.2840f%
13.3596¢F 13.3596¢F

13.0116% 13.0116¢

4.0800£ 4.0800f

10.7876f 10.7876¢F

2.5000f 2.5000%F
0:m8 0:ml10
0:nch 0:pch
-574.1375f -~19.7460u

-5, 6845¢F 0.

~5,6845f 5.0850f
723.0486m ~600.8027m

~1.0481ln ~508.4984m
~568.4530m 0.
£53.1767m ~500.0000m
1.0481n -100.8027m
7.8400m 3.8865m
500.0000m 500.0000m
8.2170p 391.7746u
547.795% 2.7520u
1.8004p 126.4447u
562.4229¢% 8.5116fF
572.0721f 26.,6472¢F
46.7508fF 25.8792¢
37.9017f 7.8876¢%
28,0000£F 21.5752f
543,6721f 5.0000f

25,000 temp=

simulation time is

25,000

0.
=ypltage
==~331.5465m
==330.6888m
= 900.0000m
= 0.

0:m5 0:mé
O:pch 0:nch
~-19.2587u 20.2454u
0. 0.
3.3145¢f ~11.1004%F
-600.8027m 568.4530m
~331.4523m 1.1100
0. 0.
~500.0000m  500.0000m
-100.8027m  68.4530m
3.7906m 8.6411m
S00.,0000m 5006.0000m
382.1077u  591.5117u
2.7520u 1.8223u
123.3247w  190.9096u
B.7285¢f 8.0067f%
26.6472% 26.6472%F
25.8792¢F 25.8792¢%
8,1045£ 7.3827€F
21.5752¢ 21.5752¢%
5.0000£ 5.0000fF
O:mil 0:ml2
O:nch 0:nch
19.7460u 19.7460u
-~5.6931¢% 0.
~12.9150¢ -5,6931¢
722.1904m 569.3112m
722.1904m 569.3112m
-569,3112m 0.
653.3751m 500.0000m
68.8153m £9.3112m
8.3395m 8.2206m
500,0000m 500.0000m
573.8836u 569.7777u
1.8416u 1..8682u
132.6780u 183.,8%4%u
7.8972¢£ 8.4466f%
26.6472F 26.6472¢%
25.0217£ 25.8792f
6.4158¢f 7.8226€F
21.5752¢% 21.5782¢€
5.0000f 5.0000f



miller opamp with zero compensation

pole/zerc analysisg tnom= 25,000 temp= 25.000
input = QO:vid ocutput = viout
poles (rad/sec) poles { hertz)
*ﬁ'***i***i’****'ﬁ:***********************k***t***t***t**************t****
real imag real imag
«1.6642k 0. ~264 .8B660 0.
~313.0764x 0. ~49.8277Tx 0.
~3.289%¢g 0. ~-523.6115x 0.
~7.1841g -2.0106¢g ~1.1434g ~320.0001x
-7.1841g 2.0106¢g ~1.1434¢g 320.0001x
~-10.7339%g -3.7574g ~1.7084g ~-598.0024x
-10.7339g 3.7%74yg ~1.7084g 598.0024x
zeros (rad/sec) zeros { hertz)
*«k‘kww************i’***f**t**&**ifi*f*i***#***i*******t********t***t****
pafafodfudid. *
real imag real imag
~276.5765x 0. ~-44.0185x 0.
~-679.6797x 0. -108.1744x 0.

ne PHY 2850



Volts dB {iin)

Voits Phase (lin)

miller opamp with zero compensation

i
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2. :
i v,
o w3 P Cox ' (Vesn- Vona) == Ves, = 0473V All

Vesp= [.31] >3-V = [ 311 =pV < 167
Vo= Ry xT x Vs,
My : Sefuvalipn = -V + Vy, >leP| = Vadi.639-0.% = 0.339 |
Mo sdluraBon o _Goudavi > Vg <> Voud (089 RT <O 4 g, 77
My o salerelon 5 ya > Ry T4 (Vas - Vew,) = 0.2734+ R X 0.5m< 0.%8 9
+ R, <1232
Mot Salumdion: Vous = R, T > Va Vi, 5> R > 0331-0F 130
318 (R <1832 = gz vin (1,589 0:>%i0™3 =

Riz FoS L Q';roz—’— 30 K
Fn1=3.06 r> o3 = oy = 10 K.
%mz,—'; 3:@6?\/\1]‘

O loop gawn = fod - X Jna (vou Il (RitR) I 7'62.) :q-a ©
R R~ 4 5;\\

Oulprt impedanc = Yoy | (Ri4R D fro, — AY 2L S

Lo | M .. \’/-'t\ e 3 oy R -
op Qx R, N (R.HRz ) X ,____C’\_I_ X %mg_(Y‘q“ (R\+RL)|,@ml_ VF
RillRa + B,

= lop gam= )\ 40635910 x 805 _ 4, 37
@ 2000 3%05“4

-_ 970 _
Av m_l“&/?—

Rowt . 222 _dgsis50
Lo+ 437




5.l

Voud
RF, + Rsy

Rin = er ' = QeI
|+ ﬂmz[RD,_H(RFﬁRs. )] | -
Ros= KDzl (Rg, +Rs) TR
T e [Reall Ret R ]
Ava = Ko (9. Rp 41) = -3.6

RetRe, Ro= Ro, | (Rr+Rs,) = 1333
Ofen laopqun. — _RolRms o . 23 36 -0.9
,,...,,V-Oﬁm-‘-'-@OP--%“‘“‘ - 'RSD;] RF M TR looo + 20"*)(

| \ .

. 8"““ o ;
- Opam- loop Owlpunst 1Mmpedanc. = ?Olki.z. = )74
- JMQoP,_M%wn.,, B






