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Problem 7.6:

Vil 0 ac 1
Rl1 1 ¢ 1

EZ2 2
R2 2
E3 3
R3 3

o
o
0
0

aplace {V(1,0)}={1+s/3142}

i
i
iaplace {v(2,0)}={1/((1+5/314.2) * (1+8/13333) ) }

.ac¢ dec 10 0.1 1Meg
.probe

110 He

= |
80+ E
401 ;
0 ; T - oo e e s e m e s ————— L e il T — Jl
100mHz 10Kz 1.0KHz 100KH=z
o s(vm(3)%vm(3))
Frequency
1.9
PROBLEM 7.7
Vil 0 AC 1
R1 101
E2 2 0 Laplace {(V{1,0)}={(1+s/62.83)*{1l+s/6283}}
R2 2 01
E3 3 0 Laplace {V{(2,0})}={1/{{1+s/628.3)* (1+a/1257)}}
R3 301
E4 4 0 Laplace {V(3,0)}={1/{((1+s/62832)*(1+5/62832})}
R4 3 0 1

.ac dec 10 0.1 1Megl

.probe

.end
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Problem 7.24!

.subckt noisyCFA vP vN vO
*Input noise sources:

IDe O 11 d¢ 3.12uA

De 11 0 De

*fce = 5CkHz

.model De D {KF=1.6E-14,AF=1)
Ce 11 12 1GF

vse 12 0 dgo 0OV

*enw = 2.4 nV/sqrt{Hz)

he 1 vP vse 2.4k

IDp 0 21 dc 3.12uA

Dp 21 0 Dp

*fcip = 100kHz

.model Dp D (KF=3.2E-14,AF=1)
Cp 21 22 1GF

vaep 22 0 de 0V

*inpw = 3.8 pA/sqrt (Hz)

fr 0 1 vsp 3.8

IDn 0 31 dc 3.12uA

Dn 31 0 Dn

xfecin = 100 kHz

.model Dn D (KF=2.2E-14,AF=1)
Cn 31 32 1GF

ven 32 0 dc 0OV

*inw = 20 pAd/sgrt (Hz)

fn 0 vN vsn 20

*Noligeless CFA:

*z0 = 710 k, fb = 350 kHz, rn = 50 Ohm
gin 100 0 vp 0 1 ;input buffer
rn 100 200 50 ;buffer’s output resistance
vs 200 vN dc¢ 0 ;0-V source to sense iN
fCFPA 0 300 vs 1 ;CCCS

Req 300 0 710k ;dc gain

Ceq 300 0 0.641pF ;fa=350kHz
eout vO 0 300 0 1 ;output buffer
.ends noisyCFA

*Main circuit:

Vi 1000 0 ac 1V

Rs 1000 1 100

Ri 0 2 166.7

R2 2 3 1.5k

XCFA 1 2 3 noisyCFA

.ac dec 10 10XHz 10GH=z

.neise v{3) vi 10

.probe

.end
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Fragquency

o = 38 x167 {.51x 120 x106) ™ 2 522 iV,

N.7%

1/p=107 VNV Ry Rp= 105220,
0.120x16 7 = 10°€, 100 =7 €.4= 12V [VHZ.
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fo= /{2 ”—C]/ | K= W/(nwﬂ)

m® 10 @

v

Y

N m=y s &=1/2 > m=1; R= LA 27 = 100
xo,lxlo"‘)'-: 15.94 k(L.

Problem 7.2
.8ubckt noisyOaA vP vN vO

*enw = 20 nV/sqrt {Hx), fce = 200 Hz:
IDe 0 11 de¢ 3.12uA

De 11 0 De

.model De D (KF:6.41E—17,AF=1)
Ce 11 12 1QF

vse 12 0 de OV

he 1 vP vge 20k

*inpw = 0.5 PA/sgrt (Hz) , feip = 2 kHz:
IDp 0 21 de 3.120A

Dp 21 O Dp

.model Dp D (KF:6.41E—16,AF=1)
Cp 21 22 1GF

vsp 22 0 de OV

fr 0 1 vsp 0.5

*Innw = 0.5 PA/sqrt (Hz), fcin = 2 kHz:
IDn 0 21 dc 3.1zua

Dn 31 0 Dn

.model Dn D (KF=6.41E-16, AF=1)
Cn 31 32 1GF

ven 32 ¢ dg ov

fn 0 vN vsn 0.5

*Noiseless op amp (a0 = 200V/mv, fb = 5 Hz):
2al 5 0 1 vN 200k

Req 5 6 1

Ceqg 6 0 31.83mF

ebuf vO 0 6 0 1

-ends noigyOA

*Main cirecuit:

Vi 1l 0 ac 1V

Ri 1 0 1

RF 2 4 15,9k

CF 2 3 0.1uf

R 3 4 15,98k

C 4 0 0.1urF

XOA 1 2 3 noisyOA

-ac dec 10 0.01Hz 1MegHz
-noisge v(4) vi 10

.probe

.end
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Problem 7.2%:

.subckt noisyOA vP vN vO

*enw = 3 nV/sqrt (Hx), fce = 2.7 Hz:
IDe 80 11 de 3.12ud

De 11 ¢ De

.model De D (KF=8.6E-19,AF=1)

Ce 11 12 1G¥8

vse 12 0 dg OV

he 1 vP vse 3k

*inpw = 0.4 pA/sqgrt(Hz), fcip = 140 Hz:
IDp 0 21 de 3.12uR

Dp 21 0 Dp

.model Dp D (KF=4.5E-17,AF=1)

Cp 21 22 1GF

veEp 22 0 dc 0OV

fp 0 1 vep 0.4

*innw = 0.4 pA/sqrt{Hz), fcin = 140 Hz:

IDn 0 31 de 3.12uA

Pn 31 0 Dn

.wodel Dn D (KF=4.5E-17,AF=1)
Cn 31 32 1GF

ven 32 0 de oV

fn 0 vN vsn 0.4

*Noiseless op amp (a0 = 8V/uV, fb = 1 Hz):
eal0 5 ¢ 1 vN 8Meg

Reg 5 6 1

Ceq 6 0 159mF

ebuf vO 0 6 0 1

.ends noigyOa

*Main circuit:

*LT009 noise model

*enw = 118 nV/sqrt(Hx), fce = 30 Hz:
Tz 0 41 de 3.12ua

Dz 41 0 Dz

.model Dz D {KF=4 ,8E-18,AF=1)
Cz 41 42 1GF

vsz 42 0 dco ¢V

hz 100 0 vsz 118k

Rz 100 0 1

R3 100 200 15,9k

C3 200 0 10ur

Vi 1 200 ac 1V

Ri 1 200 2

RF 2 4 15,9k

CF 2 3 1uf

R 3 4 15,9k

C 4 ¢ 1uF

XOA 1 2 3 noisyOA

.ac dec 10 0.01Hz 1MegHz
.noise v(4) vi 10

.probe

.end
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Problem 7.%p {(enoce)

.subckt opa vP vN vO

*enw = 4.5 nV/sqrt(Hz), fce = 100 Hz
IDe 0 11 dg 3.12ua

De 11 0 De

.mcdel De D {KF=3.204E-17,AF=1)

Ce 11 12 1GF

vse 12 0 dc oV

he 1 vP vse 4.5k

Rhe 1 vP 1G ;avoids floating nodes
*innw = 0.566 fA/sqrt (Hz), fcin = 0
IDi 0 21 dc 1pA

i 21 0 Di

.model Di D (KF=0)

Ci 21 22 1GF

vei 22 0 de 0V

fi 0 vN vei 1lu;***zero innw
*Noiseless op amp:

*a0 = 1vV/uv, fb = 16 Hz, ft = 16 MH=z
eal 2 0 1 vN 1lMeg

Req 2 3 1

Ceg 3 0 9.947mF

ebuf vO 0 3 0 1

.ends opa

*Main circuit;

I1i 2 1 ac lua

Vs 1 0 de 0

Rl1 2 ¢ 100G

Cl 2 0 45pF

G2 2 3 2 3 1lE-7;***noigelegs R2
C2 2 3 0.5pF

X1 0 2 3 opa

.ac_dec 10 0.1Hz 1GHZz

.neoise V{3) vs 10

. probe

.end

Problem 7.%0 (enoi)

.subckt opa vP vN vO

*enw = 4.5 nV/sqrt(Hz), fce = 100 Hz
IDe 0 11 de 3.12ud

De 11 0 De

.mocdel De D (KF=3.204E-17,AF=1)

Ce 11 12 1GF

vse 12 0 dg¢ 0OV

he 1 vP vse 1lu;**%*zero enw

Rhe 1 vP 1G ;avoids floating nodes
*innw = 0.566 fA/sqrt{(Hz), fcin = 0
“IDi 0 21 d¢ 1pA

Di 21 0 Di

.model Di D (KF=0)}

Ci 21 22 1GF

vgi 22 0 dc oV

fi 0 vW vsi 1

*Noiseless op amp: _

*a0 = 1V/uv, fb = 16 Hz, ft = 16 MHz




eal 2 0 1 vN 1lMeg
Reg 2 3 1

Ceq 3 0 9.9%47mF
ebuf vO 0 3 0 1
.ends opa

*Main circuit:

Ii 2 1 ac 1uAa

Vs 1 0 dc 0

R1 2 0 100G

Cl 2 0 45pF

G2 2 3 2 3 1E-7;***noigeless R2
C2 2 3 0.5pF
X1.0 2 3 opa

.ac dec 10 0.1Hz 1QHz

.noise V(3) Vs 10

.probe

.end

Problem 7.30 {enoR)

.subckt opa vP vN vO

*enw = 4.5 nV/sqrt{(Hz), fce = 100 Hz
IDe 0 11 dg 3.12uA

De 11 0 De

.model De D (KF=3.204E-17,AF=1)

Ce 11 12 1GF

vgse 12 0 de 0V

he 1 vP vse lu;***gzero enw

Rhe 1 vP 1G ;avoids floating nodes
*innw = 0.566 fA/sqgrt(Hz), fein = 0
IDi 0 21 de 1pa

Di 21 0 Di

.model Di D (KF=0)

Ci 21 22 1GF

vel 22 0 de 0V

fi 0 vN vsi 1u;***zero innw
*Noiseless op amp:

*a0 = 1v/uv, fb = 16 Hz, ft = 16 MH=z
eal 2 0 1 vN 1IMeg

Req 2 3 1

Ceq 3 0 9.947wF

ebuf vO 0 3 0 1

.ends opa
*Main circuit:
Ii 2 1 ac 1ua
Vg 1 0 de O
Rl1 2 0 100G
Cl 2 0 45pF
R2 2 3 10Meg
C2 2 3 0.5pF
X1 0 2 3 opa

.ac dec 10 0.1iHz 1GHz

noige V{3) Vs 10

.probe

.end

Problem 7.%¢ (enog)

.subckt opa vP vN vO

*enw = 4.5 nV/sqrt{Hz), fce = 100 Hgz
IDe 0 11 dec 3.12ud '
De 11 0 De

.model De D (KF=3,204E-17,AF=1)
Ce 11 12 1GF




vse 12 0 d¢ 0V

he 1 vP vse 4.5k

Rhe 1 vP 1G ;avoids floating nodes
*innw = 0.566 FA/sgrt(Hz), fcin = 0
IDi 0 21 de 1pa

Di 21 ¢ Di

.model Di D (KF=0)

Ci 21 22 1GF

val 22 0 dc 0V

fi 0 vN vsi 1

*Noigeless op amp

*ad = 1V/uv, fb = 16 Hz, ft = 16 MHz
eald 2 0 1 vN 1Meg

Reg 2 3 1

Ceqg 3 ¢ 9.947mlF

ebuf vO 0 3 0 1

.ends opa

*Main circuit:

Ii 2 1 ac 1uh

Vs 1 0 de O

R1 2 0 100G

Cl 2 0 45pF .
‘R2 2 3 10Meg

C2 2 3 0.5pF

X1 0 2 3 opa

.ac dec 10 0.1Hz 1CH=z
.noise V{3}) Vs 10
.probe

.end
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Problem 7.3\ (with C2 = 2.5 pF)
.subckt opa vP vN vO

*enw = 4.5 nV/sqrt (Hz), fce = 100 Hz
IDe 0 11 dec 3.12ul

De 11 0 De

.model De D {KF=3,204E-17,AF=1)

Ce 11 12 1GF

vse 12 0 de¢ 0V

he 1 vP vse 4.5k

Rhe 1 vP 1G ;avoids floating nodes
*innw = 0.566 fA/sqrt(Hz), fcin = 0
IDi 0 21 de 1pa :
Di 21 0 Di

.model Di D (KF=0)

.Ci 21 22 1GF

vei 22 0 de OV

fi ¢ vN vei 1

*Noiseless op amp

*a0 = 1V/uV, fb = 16 Hz, ft = 16 MHz
eal 2 0 1 vN 1Meg .
Reg 2 3 1 _

Ceg 3 0 9.947mF

ebuf vO ¢ 3 0 1

.ends opa
*Main circuit:
Ii 2 1 ac 1luA
Ve 1 0 de ¢
Rl 2 0 100G
Cl 2 0 45pF
R2 2 3 10Meg
C2 2 3 2.5pF
X1 0 2 3 opa

.ac dec 10 0.1Hz 1GHz
.noige V{3) Vs 10
.prohe

.end
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Problem 7.3%2

.subckt opa vP vN vO

*enw = 4.5 nV/sqrt (Hz), fce = 100 Hz
IDe 0 11 dc 3.12uA

De 11 O De

.model De D (KF=3.204E~17,AF=1)

Ce 11 12 1GF

vee 12 0 dc OV

he 1 vP vse 4.5k

Rhe 1 vP 1G

*innw = 0.566 fA/sqgrt{Hz), fcin = 0
IDi 0 21 dec 1pa

Di 21 0 Di

.model Di D (KF=0)

Ci 21 22 1GF

vsi 22 0 dc oV

£fi 0 vN vsi 1

*Noiseless op amp ‘
*a0 = 1vV/uv, fb = 16 Hz, ft = 16 MHz
eal 2 0 1 VN 1Meg

Req 2 3 1

Ceg 3 0 9.947mF

ebuf vO ¢ 3 0 1

.ends opa
*Main circuit:
Ii 2 1 ac 1lua
Ve 1 0 de O
R1 2 0 100G
Cl 2 0 45pF
R2 2 3 '10Meg
C2 2 3 0.5pF
Ce 2 4 0.5pF
R3 3 4 1k

C3 3 0 10nF
X1 0 2 4 opa

.ac¢ dec 10 0.1Hz 1GHz
.noise V(3} Vs 10
.probe

.end
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Problem 7.34

.8ubckt opa vP vN vO

*enw = 4.5 nV/gqrt (Hz), fce = 100 Hxz
IDe 0 11 dc 3.12ur

De 11 0 De

.model De D (KF=3.204E—17,AF=1)
Ce 11 12 1GF

vse 12 0 de 0OV

he 1 vP vse 4.5k

Rhe 1 vP 1@

*innw = 0.566 FA/sqrt (Hz)

IDi 0 21 dc 1pA

Di 21 ¢ Di

.model Di D (KF=0)

Ci 21 22 1GF

vei 22 0 de oV

£i 0 ¥vN vsi 1

*Noiseless op amp:

*a0 = 1V/uv, fb = 16 Hz, ft = 16 MHz
eal 2 0 ¥ vN 1Meg

Req 2 3 1

Ceqg 3 0 9.947mF

ebuf vO 0 3 0 1

.ends opa
*Main circuit:
Ii 2 1 ac 1ul
Vg 1 0 de 0
Rl1 2 0 100G
Cl 2 0 45pF
R2 2 4 1Meg
C2 2 3 0.5pF
R3 4 0 2k

R4 4 3 18k

X1 0 2 3 opa

.ac dec 10 0.1Hz 1GHz
-noise V(3) Vs 10
.prcbhe '

.end
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Problem 7.%%

.subckt opa vP vN vO

*enw = 4.5 nV/sqrt (Hz), fce = 100 Hz
IDe 0 11 dc 3.12ul

De 11 0 De

.model De D (KF=3.204E-17,AF=1)

Ce 11 12 1GF

vege 12 0 de OV

he 1 vP vse 4.3k

Rhe 1 vP 1G

*innw = 0.566 fA/sqrt (Hz)

IDi 0 21 dc 1pa

Di 21 0 Di

.model Di D (KF=0}

Ci 21 22 1GF

val 22 0 dc oV

fi 0 vN vei 1

*Noiseless op amp:

*al = 1V/uv, fb = 16 Hz, ft = 16 MHz
eald 2 0 1 vN 1Meg




Req 2 3 1
Cegqg 3 0 9.947mF
ebuf vO 0 3 0 1

.ends opa
*Main circuit:
I1 2 1 ac 1nA
Ve 1 0 dc 0
Rl1 2 0 100G
Cl 2 0 2nF

R2 2 4 36.5Meg
C2 2 3 0.5pF
R3 4 0 1k

R4 4 3 26.7k
X1 0 2 3 opa

.ac dec 10 0.1Hz 1GHz

.noise V(3) Vs 10

.probe

.end

Problem 7.35 (enoe)

.subckt opa vP vN vO

*enw = 4.5 nV/sqrt(Hz), fce = 100 Hz
IDe 0 11 de 3.12uA

De 11 0 De

.model De D (KF=3.204E-17,AF=1)
Ce 11 12 1GF

vese 12 0 dc oV

he 1 vP vse 4.5k

Rhe 1 vP 1Q

*innw = 0.566 fA/sqrt (Hz)

IDi 0 21 de¢ 1pa

Di 21 ¢ Di

.model Di D (KF=0)

Ci 21 22 1GF

vsi 22 0 de ov

fi 0 vN vei 1u;***Zero in
*Noiseless op amp:

*a0 = 1V/uv, fb = 16 Hz, ft = 16 MHz
eal 2 0 1 vN 1lMeg

Req 2 3 1

Ceq 3 € 9.947mF
ebuf vO 0 3 0 1

.ends opa
*Main circuit:

Ii 2 1 ac 1nA

Vs 1 0 de 0O

Rl 2 ¢ 100G

C1l 2 0 2nF

G2 2 4 2 &4 27.4E-9; ***poigeless 36.5Meg
C2 2 3 0.5pF

'R3 4 0 1k

R4 4 3 26.7k

X1 0 2 3 opa

.ac dec 10 0.1Hz 1GHz

.noise V{(3}) Vs 10

.prohe

.end

Problem 7.35 {enoR)

.subckt opa vP vN vO

*enw = 4.5 nV/sqrt(Hz), fce = 100 Hz
IDe 0 11 dc 3.12un

De 11 0 De




Gig£§> .model De D (KF=3,204E-17,AF=1)
Ce 11 12 1GF

vse 12 0 dg¢ 0OV

he 1 vP vge 4.5u;**¥*zero en
Rhe 1 vP 13

*innw = 0.566 fA/sqrt (Hz)
IDi 0 21 dc 1pA

Di 21 0 Di

.model Di D (KF=0)

Ci 21 22 1GQF

vsi 22 0 dc 0OV

fi 0 vN vegi 1lu;***zero in
*Noiseless op amp:

*a0 = 1V/uv, fb = 16 Hz, ft = 16 MHz
eal 2 0 1 vN 1Meg

Req 2 3 1

Ceq 3 0 9.947mF

ebuf vO 0 3 0 1

.ends opa
*Main circuit:
Ti 2 1 ac 1nA
Vs 1 0 de 0
R1 2 0 100G
Cl 2 0 2nF

R2 2 4 36.5Meg
C2 2 3 0.5pF
R3 4 0 1k

R4 4 3 26.7k
X1 0 2 3 opa

.ac dec 10 0.1Hz 1iCHz

.noise V{3) Vs 10

.probe

.end

Problem 7.3% {enoi}

.subckt opa vP vN vO

*enw = 4.5 nV/sqgrt (Hz), fce = 100 Hz
IDe 0 11 de 3.12uln

De 11 0 De

.model De D (KF=3.204E—17,AF=1)
Ce 11 12 1GF

vse 12 0 dc OV

he 1 vP vge 4.5u;***zero en
Rhe 1 vPp 102

*innw = 0.566 fA/sqrt (Hz)

IDi 0 21 dc 1pa

Di 21 ¢ Di

.model Di D (KF=0)

Ci 21 22 1QF

vsi 22 0 dc oV

fi 0 vN vgi 1

*Noiseless op amp:

*a0 = 1V/uv, fb = 16 Hz, ft = 16 MHz
eal 2 0 1 vN 1Meg

Reg 2 3 1

Ceq 3 0 9.947mF

ebuf vO ¢ 3 0 1

.ends opa

*Main circuit:




Ti
Vs
R1
c1
g2
c2
R3
R4

X1

OFRPRNNMNBDMEDND
NWOWkbOoOOR

ac 1nA
de ©
100G

2nF
2 4 27.4E-9;***noiseless 36.5Meg

0.5pF
1k
26.7k

3 opa

.ac dec 10 0.1Hz 1GH=z
.noisge V{(3) Vs 10

.probe
.end
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Problem 7.%¢

.subckt opa vP vN vQ

*enw = 4.5 nV/gqrt{(Hz), fce = 100 Hz
IDe 0 11 dec 3.12uA ’
De 11 0 De

.model De D (KF=3.204E-17,AF=1)
Ce 11 12 1GF

vse 12 0 dc OV

he 1 vP wvge 4.5k

Rhe 1 vP 1G

*innw = 0.566 fA/sqgrt(Hz)

IDi 0 21 de 1paA

Di 21 ¢ Di

.model Di D {KF=0)

ci 21 22 1GF

vsi 22 0 dc 0OV

fi 0 vN vei 1

*Noiseless op amp:

*a0 = 1v/uv, fb = 16 Hz, ft = 16 MHz
eal 2 0 1 vN 1Meg

Req 2 3 1

Ceqg 3 0 9.8%47mF

ebuf vO 0 3 0 1

.ends opa
*Main circuit:
Ii 2 1 ac 1na
Ve 1 0 de 0

R1 2 0 100G
Cl 2 0 2nF

R2 2 4 36.5Meg
C2 2 3 0.5pF
R3 4 0 1k

R4 4 3 26.7k
X1 0 2 5 opa
Cc 2 5 0.3pF
RE 5 3 5k

C3 2 0 100nF

.ac¢ dec 10 0.1Hz 1GHz
-noise V{3) Vs 10
.prchbe

.end
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