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Fig.1. Schematic
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** design view name: schematic
.global vdd!

.ac dec 10 10.0 10e9
opall0

param vtn=0.5

param vip=-0.5

model nmos1 nmos vio="vin'

+ tox=06.9nm kp=200u lambda=0.1 gamma=0.5 phi=0.6

+ capop=0 cgso=0 5n cgdo=0 5n pb=0 5 ¢j=1e-3

.model pmos] pmos vio="vip' tox=6.9nm kp=100u lambda=0.1 gamma=0.5 plu=0.6
+ capop=0 cgso=0 5n cgdo=0 5n pb=0 5 ¢j=1e-3

c0vout 0 1.00001e-12

m1la left vo tail tail nmosl [=500e-9 w=2e-6 ad=2e-12 as=2e-12

mlb right vp tail tail nmos1 [=500e-9 w=2e-6 ad=2e-12 as=2e-12
vZvn0de=25ac0

v vdd! 0 de=5

vivpOdc=25acl

10 vdd! bias 44e3

m5 vout right vdd! vdd! pmosl 1=2e-6 w=1 44e-3 ad=1.44e-9 as=1 44e-9
m?b right left vdd! vdd! pmos1 1=2e-6 w=120e-6 ad=120e-12 as=120e-12
m?a left left vdd! vdd! pmosl 1=2e-6 w=120e-6 ad=120e-12 as=120e-12
m4 vout bias 0 0 nmos1 1=1e-6 w=600e-6 ad=600e-12 as=600e-12

m6 bias bias 0 0 nmos1 I=1e-6 w=50e-6 ad=50e-12 as=50e-12

m?3 tail bias 0 0 nmos1 I=1e-6 w=100e-6 ad=100e-12 as=100e-12

end

List. 1. Spice Deck



subckt
element
model
region
id
ibs
ibd
vgs
vds
vbs
vth
vdsat
beta
gam eff
gm
ods
gmb
cdtot
cgtot
cstot
chbtot
cgs
cgd

O:mla
0:nmosl
Saturati
1.076e-04
0.

-2 776e-14
9.589%e-01
2.775e+00
0.
5.000e-01
4 589e-01
1.022e-03
5.000e-01
4 690e-04
8.423e-06
1.514e-04
1.781e-15
5.336e-15
6.336e-15
2.781e-15
4.336e-15
1.000e-15

0-mlb
0-nmosl
Saturati
1.076e-04
0.
-2.776e-14
9.58%-01
2 775e+H00
0.
5.000e-01
4 589e-01
1.022e03
5.000e-01
4 690e-04
8.423e-06
1.514e-04
1.781e-15
5336e-15
6.336e-15
2 781e-15
4 336e-15
1.000e-15

O-m2a
0:pmosl
Saturati
-1.076e-04
0.
6.832e-15
-6.832e-01
-6.832e-01
0.
-5.000e-01
-1.832e-01
6.410e-03
5.000e-01
1.175e-03
1.007e-05
3.791e-04
1.380e-13
9.207e-13
9.807e-13
1.980e-13
8.607e-13
6.000e-14

0-m2b
0:pmosl
Saturati
-1.076e-04
0.
6.832e-15
-6.832e-01
-6.832e-01
0.
-5.000e-01
-1.832e-01
6.410e-03
5.000e-01
1.175e-03
1.007e-05
3.791e-04
1.380e-13
9.207e-13
9.807e-13
1.980e-13
8.607e-13
6.000e-14

0:m3
O:nmosl
Saturati
2.152e-04
0.
-1.541e-14
6.366e-01
1.541e+00
0.
5.000e-01
1.366e-01
2.308e-02
5.000e-01
3.152e-03
1.865e-05
1.017e-03
9 949e-14
4 336e-13
4 836e-13
1.495e-13
3.836e-13
5.000e-14

O:md
O:nmos1
Saturati
1.453e-03
0.
-2.983e-14
6.366e-01
2.982e+00
0.
5.000e-01
1.366e-01
1.558e-01
5.000e-01
2.127e-02
1.119%-04
6.866e-03
5273e-13
2.602e-12
2902e-12
8.273e-13
2.302e-12
3.000e-13

List. 2. Spice DC Analysis Result

0:m5
0:pmosl
Saturati
-1.453e-03
Q.
2.017e-14
-6.832e-01
-2.017e+00
0.
-5.000e-01
-1.832e-01
8.653e-02
5.000e-01
1.585e-02
1.209e-04
5.117e-03
1.362e-12
1.105e-11
1.177e-11
2.082e-12
1.033e-11
7.200e-13

0-m6
O:nmosl
Saturati
9917e-05
0.
-6.366e-15
6.366e-01
6.366e-01
0.
5.000e-01
1.366e-01
1.064e-02
5.000e-01
1.452e-03
9.323e-06
4 688e-04
5.816e-14
2.168e-13
2.418e-13
8.316e-14
1.918e-13
2.500e-14



| T I I
| Vdsat g L Iamlna:\/ds:{ﬂlamba. gn | W lgos= wm: o Vb : Cov : Cod : Cb : Cgs
Y V) am) TRV vasiV (8) q um) o (S) | fohms) | (V) (F) | (F) 0 (F) ()
| Mia [ Calc_ | 12'3E+142: _05 _ 05} 01 1281 128 | 400E04 2 1781E061128E+05( 28 1 1001 1001 078 1_ 433
_ _ _|SRICE 108E04l 046 P _ NV _ _ 469E04,  1840E06) 1 _ | __1po! o078 ! 434
% erron, -7.41 8.70 o 1471 T ! 0,007 0.15 ' 0.15
Mib [ Calc. |1.00E04]  05_ _1 05| 01 /28 128_1\400E04i_ 2_ | 78IED6 128E+05] 28 _ 100 100 = 078_ 433 |
SPICE |108E-04) _ 046_ _1_ _ | _ _, _  _ _ _148%E041_ _ _ B42E06 _ _ _ 4 _ _ , __ 100 078 _ 434 ]
% error!-7.41 870 ! L I 14.71 L 121 ) L 0.00, 019 | 0.15
M2a | Calc. T1.00E-04] 0.2 '2 ] 01 ,07, 107 "1o00Ea' 120 , 935606, 1.07E+05] 07 , 60.00,60.00, 7746 , 860.00
SPICE T108E04( _ 0418 _ T _ ) _ _ n_ v _ _ JLBEST G TO0IEDS._ _ _ o _ _ I_ - 16000, 7800 ,_86100_
%error 741 | 1141 1 T 1595 T 1747 | 1 0.001 -0.69 1 0.12
M2b | Cale (\100E041 02 _ , 2 ' 01 '07! 107 ,100E03, 120 19356 06'107E+05) 07_!6000'60001 7746 ' 86000
SPICE | 108E-040 “ 048 _ 3y _ " T VT VT 7 T Li8E03, _ _ VI0IEDLS) . T TP T TP T " 1e0.00!” 78.00 ! _881.00_
% erron -7.41 1111 : 1 -15.25 | 'o747 ! T 000" 069 T 012
M3 | Calc. | %DQEij _01a_ 11| 01 15 115_1286E-031_100 | 174E05 575E+04 7 15 5000, 5000, 5000 . 383.33
SPICE |215E04) _ 014 V| . __'3BE0___  1&EDS, | _ 4 _ 42000, 4950 | 38360 |
% error’ -6.98 0.00 ! L " 930 | , -1.00 ) L 000, 1.01 |, -0.07
M4 | Calc. 120E-03 _ 014 _ 1 | _01 125, 125 _171E02 600 y 960E-05) 1.04E+04 | 2.5 1300.001300.00s 24495 ; 2300.00
SPICE Dﬂsgﬂ_ﬂfi B D SR DR = - == Y I © _ _1300.000 227 307, 2302.00
% error, -17.24 0.00 o | 19.52 1 14.29 1 I 10001 7.76 | -0.09
M5 | Calc. | 1.20E-03 02 2 | 01 T25' 125 |120E-02; 1440 'OGOED5' 1.04E+04] 25 '720.00'720.00' 587.88 ' 10320.00
Ii L oL _JBoE@_ _ _Tr2iE04Y 1 _ 3 _ 1720007 54200 [ 1033000]
F==r-r I 2453 | " 2066 " 177177 0007 Tga3 T To10
M6 L 01 06, 1064 1438031 50_, 9.40E-06, 1.06E+05, 0.64 4 2500, 2500, 3311 , 19167 ]
M A5E.q3! 9. 32606 1 2500, 3314 , 191.80
o ' 148 1 0.84 I 1 0.00y 0.08 ;| 0.07

Table.l. Device Parameters
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