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Example S.2.1

(a) The schematic for this example is shown below

75 i

16MEG :
IN+ N1 N — AW ouT
Ed J Eb i
L N3] ’
g ol -
GAIN = 1E5 o GAIN=1
IN-
= = |
-0
Netlist:

The netlist is given below

. SUBCKT OPAMP_MACRO IN+ IN- OUT
Ro OUT N3 75

VOS N4 IN- 1m

Eb N3 0 N2 01

Rb N2 N1 16MEG

Cb 0 N2 1n

Ed N1 0 IN+ N4 1E5

Rid IN+ N4 2MEG

.ENDS
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(b) The schematic for this part of the example, sub-parts (i), (ii) and (iii) is shown below

Al
1k
AN N1, N
ouT
N2 N+
— Vin
OPAMP MACRO MODEL

"0 1Vac®
oVdc

Netlist:

20UT

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

*rxkxxkxExample S 2.1 (b) (1), (1d), (Lid)**xxFrkkrkdkrkixs
* k ok ok ok ok ok '7‘—‘ 'CW,:'ii Oﬁ";‘iT‘, r%—,%(A,&A!A!A!,«,«,«,«,«
R1 1k
Vin N2 0 DC 0vdc AC 1Vac
R2 N1 OUT 100k
X Al N2 N1 OUT OPAMP MACRO
* k Kk Kk ok k% V'VJJT‘ "77‘7"71,:!t TT‘J», r%—,% Ak khkkkkhkkhkk*k
* Kk ok Kk kK " pamp macro T L\“V‘t‘r\l l—' eglins }l’h,‘h * ok k ok ok ok ok ok k ok k ok kK
.SUBCKT OPAMP_ MACRO IN+ IN- OUT
Ro OUT N3 75
VoS N4 IN- 1m
Eb N3 0 N2 01
Rb N2 N1 16MEG
Cb 0 N2 1n
Ed N1 0 IN+ N4 1E5
Rid IN+ N4 2MEG
ENDS
......... ¥ ”J‘ ,“:j ‘ Kk hkhkkhhkkkkkkkk%k
Kk k kK Kk *k*k 1174’ i *?il\ }R khk ok kkkkkkkhkkkk*k
.OP
.AC DEC 20 0.1 10MEG
PROBE
END
* ok ok ok ok ok ok ok ;T,‘ ,.‘JJ; TT‘J», y%T%AAAAA(A,&A!AAAA,«,«
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The schematic sub-part (iv) is shown below

100k
ANy
A
1k
A -
N2 out out
IN+
"0 ] OPAMP MACRO MODEL
:0 lout
1Aac
0Adc @

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

* Kk Kk Kk Kk Kk k% }’_AX::LH ,—;'7‘,‘—\ (7 y ) * ok kkkkkkkkkkkkk
* Kk Kk Kk Kk k% 7:%117 g = }1E;‘R\‘}“*Al{*‘ﬁ‘ﬁiﬁﬁ
Iout OUT 0 DC OAdc AC 1lAac
R2 N1 OUT 100k
R1 N1 0 1k
X Al 0 N1 OUT OPAMP MACRO
* k ok Kk ok kK 7,'7"]/‘ ",JT",U-it %T‘J», }’P" * Kk ok ok ok ok ok ok ok ok ok ok ok ok
****** Opamp macro model begins here ***xxxxxxddds
.SUBCKT OPAMP MACRO IN+ IN- OUT
Ro OUT N3 75
VoS N4 IN- 1m
Eb N3 0 N2 01
Rb N2 N1 16MEG
Cb 0 N2 1n
Ed N1 O IN+ N4 1E5
Rid IN+ N4 2MEG
ENDS
k k k ok ok ok ok ar ma ‘,J%‘
........ Ana = ins 1
.OP
AC DEC 20 0.1 10
PROBE
END
,,,,,,,, Ana ~nds 1 ok k kK k ok kok kK Kk Kk kK
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(c) The schematic for this part of the example is shown below.

Netlist:

20UT

100k
Ay
1k
Ay NT | IN-
N2 | ouT
V1=0 V1
V2 =1
=0 TD=0
TR=1n OPAMP MACRO MODEL
TF =1n =0
PW = 200u
PER = 400u

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

\al
+PULSE 0
R1

R2

X Al

N2 0
1 10u 1In 1n 200u 400u
N1 0 1k
N1 OUT
N2 N1 OUT OPAMP_MACRO

100k

n circul

dJpamp macro model begins here CRERRR AR R R

.SUBCKT OPAMP MACRO

Ro
VoS
Eb

* kK Kk Kk x Kk *

.TRAN 0.1
.PROBE

IN+ IN- OUT
OUT N3 75
N4 IN- 1m
N3 0 N2 01
N2 N1 16MEG

0 N2 1n
N1 0 IN+ N4 1E5
2MEG

IN+ N4

Analysis beg
uS 100us

Analvsis ends here* * xxkkkxkkxkk*xx*
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Example S.2.2

The schematic of this example for calculation of AC gain is shown below

V%C
qa P INP VCe
. GAIN = 0.5 U1
== DC=15V | NP [ 5
-0
&l oY
| d NN g
) UAT4T
— vd VCM == 0Vde
. 0 1Vac B d =
- pc=1sv ovde T TN VEE
GAIN=05
v -0 0 -0
VEE
Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

kkxkkkkkExample S 2.2 (AC Gain) *xxokkkkokkokokkkokk
,,,,,,, Main circuit Deging here &tk x4k x
X Ul INP INN VCC VEE OUT uA741

Ep INP CM D 0 0.5

VCM CM 0 0Ovdc

vd D 0 DC 0vdc AC 1lVac

VEE 0 VEE 15V

VvCcC vCcC 0 15V

En CM INN D 0 0.5

"""" Main circuit ends ! e

,,,,,,,,,,,, Model of ulA741 :',“'C;Llll'% here* * % % % % % % % % % % % % * %
* connections: non-inverting input

* | inverting input

* | | positive power supply

* | | | negative power supply
* Il 1 | | output

* [

.subckt uA741 12345

*

cl 11 12 8.661E-12

c2 6 7 30.00E-12

dc 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

fb 7 99 poly(5) vb vc ve vlp vin 0 10.61E6 -10E6 10E6 10E6 -10E6
ga 6 0 11 12 188.5E-6

gcm 0 6 10 99 5.961E-9
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iee 10 4 dc 15.16E-6
hlim 90 0 vlim 1K

gl 11 2 13 gx

a2 12 1 14 gx

r2 6 9 100.0E3

rcl 3 11 5.305E3
rc2 3 12 5.305E3
rel 13 10 1.836E3
re2 14 10 1.836E3
ree 10 99 13.19E6
rol 8 5 50

ro2 7 99 100

rp 3 4 18.16E3
vb 9 0 dc O

vc 353 dec 1

ve 54 4 dc 1
vliim 7 8 dc O
vip 91 0 dc 40
vin 0 92 dc 40

.model dx D(Is=800.0E-18 Rs=1)
.model gx NPN(Is=800.0E-18 Bf=93.75)
.ends

* %k kk*k*x* Mode

1 of uA741 e

* % K o Analysis begins
.AC DEC 20 1 10MEG
.PROBE

.EN

**k*x*kx*x** Anglysis ends here

k k kK ok ok ok kK ok ok ok ok ok ok ok

The schematic of this example for investigating SR limitations is shown below

vce
i
vee
A
. Ut
= DC=15v NP 5
N : ouT
NV ET Ogp——4———
TD=0 @ (] 0
TR=1n (s
e TF=1n UATA1
— PW =20u
. 0 PER = 40u
—— DC=15V L VEE
- __0
i
VEE
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Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

W Rate) **xHkxkkxhkxhkxk

ek Kk ok ok ok ok ok ok ok ok Kk Kk K

yins he

X Ul INP OUT VCC VEE OUT uA741
Vin INP O

+PULSE -1 1 0 1n 1n 20u 40u

VEE 0 VEE 15V

VvCC VCC 0 15V

Main circuit ends

pegins
connections: non-inverting input

Model of uA74l

*

* |  inverting input

* | | positive power supply

* | | | negative power supply
* I 1 | | output

* I \ \ \ \

.subckt uA741 12345

*

cl 11 12 8.661E-12

c2 6 7 30.00E-12

dc 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

fb 7 99 poly(5) vb vc ve vlp vin 0 10.61E6 -10E6 10E6 10E6 -10E6
ga 6 0 11 12 188.5E-6

gcm 0 6 10 99 5.961E-9

iee 10 4 dc 15.16E-6

hlim 90 0 vlim 1K

gl 11 2 13 gx

a2 12 1 14 gx

r2 6 9 100.0E3

rcl 3 11 5.305E3
rc2 3 12 5.305E3
rel 13 10 1.836E3
re2 14 10 1.836E3
ree 10 99 13.19E6
rol 8 5 50

ro2 7 99 100

rp 3 4 18.16E3
vb 9 0dc O

vc 353 de 1l

ve 54 4 dc 1
vliim 7 8 dc O
vlip 91 0 dc 40
vln 0 92 dc 40

.model dx D(Is=800.0E-18 Rs=1)
.model gx NPN(Is=800.0E-18 Bf=93.75)
.ends

Ja arakkkhkkk kK kK
s here * % % %

el o
1alys

0.01us

x *

. TRAN
.PROBE

kK ok Kk oKk K slvaeiae ende B ek ok k ok okkkkok ok kok ok k kK
*xxxxxxx Analysis ends here*
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Example S.4.1

The schematic of this example is shown below.

PARAMETERS:

C=520u

R=191

Risolation = 100E6 N D1 ¢ {R} R

- o L
Rload = 200 H A
Rs=05 D1M4145
{Rs}
1 2 — I
AW . g ©
: 71 §
é_ Zg Zener_diode {Rload}

Wsin
VOFF =0 9 Transformer
VAMPL =169 D2 4
FREQ =60 5 Tl

|2}
D1M4145
{Risolation}
0 -0 ]

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

........ }»‘/\f‘ :" * Kk ok k k ok ok ok ok ok ok ok ok ok ok

,,,,,,,,,,,,,, 31T circuil be ins 1 Kk ok ok ok ok ok ok ok ok ok ok ok ok
D1 3 6 DIN4148

D2 5 6 DIN4148

R3 7 4 {Rload}

Vsin 10

+SIN 0 169 60 0 0 O

Ccl 4 6 {C}

R1 7 6 {R}

X 71 4 7 ZENER DIODE

R4 4 0 {Risolation}

R2 2 1 {Rs}

X_TX1 02345TX

.PARAM 1rs=0.5 risolation=100e6 c=520u rload=200 r=191
* k ok k ok kK 77'—1il—7 ‘fii];'fil'i’ ;l‘,rh? }t; re hkh ok ok ok kkkkkkkkh*k

xxkk*k%%%x Model of ZENER DIODE beGins herek %% %k k% % %k *
.SUBCKT ZENER DIODE 1 2

*connections: |
* andode |
* cathode

Dforward 1 2 1mA diode

Dreverse 2 4 ideal diode

vz0 4 3 DC 4.9V

Rz 1 3 10

* diode model statements

.model 1mA diode D (Is=100pA n=1.679)
.model ideal diode D (Is=100pA n=0.01)
.ends ZENER DIODE

* Kk Kk Kk ok Kk ode of ZENER DIODE ends hereX*x %% %%k k%K k kk**
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XX A A KA AA Model
.model DIN4148
+

K,k KkKkk*k** Model

* ok Kk kk ok ok ok :\,j[adel
.subckt TX 1 2
Lp 2 1 10mH
Lsl 3 4 52uH
Ls2 4 5 52uH

Sedra/Smith, Microelectronic Circuits, Eighth Edition, Spice solution

of 1N4148 Diode (from EVAL library in PSpice) begins here***xkk&xxxkkkxxx
D(Is=2.682n N=1.836 Rs=.5664 Ikf=44.17m Xti=3 Eg=1.11 Cjo=4p
M=.3333 Vj=.5 Fc=.5 Isr=1.565n Nr=2 Bv=100 Ibv=100u Tt=11.54n)

of 1N4148 Diode (from EVAL library in PSpice) e here % % %k dkodkdkkox ook ook

as

of Nonlinear Transformer with Center-Tapped Secondary beginsg here*x*xk&&xxkkkdxx*
3 4 5 Params:

K1 Lp Lsl 0.999
K2 Lp Ls2 0.999
K3 Lsl Ls2 0.999

.ends TX

*xkxkxk*x Model

of Nonlinear Transformer with Center-Tapped Secondary ends here***xxkkk&xxkkkhx

Kok ok ok ok ok ok ok Ara\;sis begirs here* *x* k% k*k*k**k***

. TRAN 0.1mS
.PROBE
.END

200ms

* ok ok ok ok ok ok ok Analysis ends here****xkkkkkkkhkkkk*
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Example S.6.1

The schematic of this example is shown below.

PARAMETERS:
ib = 10u
VCE =2V
Q1
.. Q2N3904 .

L Dpc={/CE}

D * T

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

A * Main circuit begins here

Q1 N111317 Nlll357 0 Q2N3904
V1 N111317 0 {VCE}

Ibase 0 N111357 DC {ib}

.PARAM 1ib=10u vce=2v

ain circuit S here* % %k k% %k % % % % % %

"""""""" ****Model fc 2N3904 NPN BJT (from Eval library in Pspice) begins here***x**xx&ix*
.model Q2N3904 NPN(Is=6.734f Xti=3 Eg=1.11 Vaf=74.03 Bf=416.4 Ne 1.259

+ Ise=6.734f Ikf=66.78m Xtb=1.5 Br=.7371 Nc=2 Isc=0 Ikr=0 Rc=1

+ Cjc=3.638p Mjc=.3085 Vjc=.75 Fc=.5 Cje=4.493p Mje=.2593 Vije=.75

+ Tr=239.5n Tf=301. 2p Itf— 4 vtf=4 Xtf=2 Rb=10)

(f Eve ibrary in Pspice) ends here** % xx*x*x*x*xx*

.DC [LIN] Ibase 1u 200u lu
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Example S.7.1

The schematic of this example is shown below.

VDD
PARAMETERS: VDD VDD
CCl=10u ‘L pe-pony
gg? ?01 Ou —_ RG1} § g (RD}
=100 1L
RD = 42K -0 {cco}
RQD— 136 v our
-0 1T
A Rig) rcen v RU
Rsig = 10K e {1 ve H-:j “L’V:‘{gw
W=22u 1 L
L=06u Ve =0
wowss )
RG2} § § (RS}
— {CS}
0 0 0 0
Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

K Kk kK ok Kk ok kK Kk K

krxkxxx Main circuit begins here
M2 VD VG VS VS NMOSOP5

+ L={L}

+ W={W}

+ AD=1.72E-12

+ AS=1.72E-12

+
+

PD=5.25E-6

PS=5.25E-6
+ M=1
R11 VG VDD {RG1}
R16 0 Vs {RS}
R15 0 VG {RG2}
R12 VD VDD {RD}
Co6 0 VS {CS}
c4 VD OUT {CCO}
R14 IN N1 {Rsig}
C5 N1 VG {CCI}
R13 0 ouT {RL}
V3 IN 0 DC 0Vdc AC 1lVac
V1 VDD 0 {VDD}

.PARAM RS=630 CS=10u L=0.6u CCO=10u VDD=3.3 CCI=10u RGl=2e6 RL=50k RG2=1.3e6
+ RSIG=10k W=22u RD=4.2k

KRR Main circuit ends here*****xrrxxxxxx
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* k ok k ok ok ok k "‘****“W'JL,JC‘ for ‘\‘H\TC: -ir "/. 5um f,,H/)'j Te«’,j WVW(:‘(:{J—— b%u{" ns here**** Ak hkkhhkkhkhkkhkhhkkhkhkkhkhkhkkhhkkhhkhhkKh*kxk*
(created by Anas Hamoui & Olivier Trescases)

.model NMOSOP5 NMOS (Level=1 VTO=0.7 GAMMA=0.5 PHI=0.8

+ LD=0.08E-06 WD=0 UO=460 LAMBDA=0.1 TOX=9.5E-9 PB=0.9 CJ=0.57E-3

+ CJSW=120E-12 MJ=0.5 MJSW=0.4 CGDO=0.4E-9 JS=10E-9 CGBO=0.38E-9
+ CGS0=0.4E-9)
* kxkxkxxkxkx*Model for NMOS in 0.5um CMOS Technology ends here k& ko k ko sk ko ok &k ok &k ok ok &k ok & kok Kk

kkkxkk**x Anglysis beains herexxkxkxxkkxkkkxxk*x

.OP

.AC DEC 20 10m 10G
. PROBE

.END

kxkkkk Anglysis ends here* * & xkkkk &k kkkk k%
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Example S.7.2

The schematic of this example is shown below.

PARAMETERS:
CB =100
CCl'=10u
CCO=10u
RC = 10K V%P
RB = 340K
RE = 6k
RCE =130
RL = 10K
Rsig = 10K RC}
VDD =5 {ccoy
V83 =-5 Ve ouT
IRsig} cen =
I N1 VB
VDD VSS YW Ul Ly, Q2N3904 {RL}
A il
L
. N VE 0
L DC={VDD} —— DC={VSS] 1Vac AC Source {RB}
T T ovde @ § 1CBl
[RE} WLZ
J;O J;O [RCE}
= = v
0 0 Vss
T o

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

~~~~~~~ x]:}—t "7'2 * ok kkk ok ok ok ok kkkkkk
FAAkAx*k Main circuit begins here***axxxkkddxxx
Cc2 Nl VB {CCI}

R7 0 VB {RB}

V5 IN 0 DC Ovdc AC 1lVac

Q2 VC VB VE Q2N3904

V7 VSS 0 {VSS}

R4 VC VDD {RC}

R9 0 N2 {RCE}

R8 VSS VE {RE}

Ccl VC OUT {CCO}

c3 N2 VE {CB}

R6 0 ouT {RL}

RS IN N1 ({Rsig}

Vo VDD 0 {VDD}

.PARAM rc=10k cb=10u re2=1 vss=-5 rb=340k rel=6k cco=10u vdd=5 cci=10u rl=10k
+ rsig= 10k rx=1 re=6k rce=130

Kk Kk ok k kK lain circuit ends here** xx %k k% x%**

““““““ * * * k %k 77\7\‘(71(—\1 ; or L,J/ (e} " 7 U, H t l L—— m F ¥, ;; 77} rar in L ,«) 1 ,\(:71—; S 11"?);"5\ * Kk Kk ok ok ok ok ok ok kK
.model Q2N3904 NPN (Is=6.734f Xti=3 Eg=1.11 Vaf 74.03 Bf=416.4 Ne 1. 259

+ Ise=6.734f Ikf=66.78m Xtb=1.5 Br=.7371 Nc=2 Isc=0 Ikr=0 Rc=l

+ Cjc=3.638p Mjc=.3085 Vic=.75 Fc=.5 Cje=4.493p Mje=.2593 Vije=.75

+ Tr=239.5n Tf 301 2p Itf=.4 th 4 Xtf=2 Rb= 10)

KxkxkxkxkxkxkxModel for 2N3904 NPN BJT (from al libr in Pspice) ends here***xxkkixx
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.0P

.AC DEC 20 1 10MEG
. PROBE

.END
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Example S.7.3

The schematic of this example for finding Av is shown below.

VDD VDD
A VDD
| w2
1.8vde —=— RG1 § ;%
8525k :
— Cco
0 VD N
1T
10u
RSIG cel M L M=1
N1 VIN W=1548 VOuT
AL J i | [: L=020
10k 10u F .
_ RL
vsig ;
V1 VS 50k
VAMPL = 1m @
= RG2 jp—
FREQ = 1k RS ==
AC = 1Vac 947 5k § L s 0
] 1.39 104
TO .
. =0
J__
-0

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

* * K K k K K %k F/k—\‘ ,,,,,,,,,,,, kkkkkkkk k%)%
,,,,,,,,,,,,,, Main circuil :lr,“r\k'nLI';fj' 17,‘(;‘7‘ Kk ok ok ok ok ok ok kk ok ok ok ok
R RG1 VIN VDD 852.5k TC=0,0
R _RG2 0 VIN 947.5k TC=0,0
M M1 VD VIN VS 0 NMOS4

+ L=0.2u

+ W=15.48u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25E-6

+ PS=5.25E-6

+ M=1

R _RD VD VDD 3.41k TC=0,0

R RS 0 vs 1.39k TC=0,0

R RL 0 vouT 50k TC=0,0
C_cco VD VOUT 10u TC=0,0

Cc Cs 0 Vs 10u TC=0,0

C _ccI N1 VIN 10u TC=0,0

v V1 VSIG 0 AC 1vVac

+SIN 0 Im 1k 0 0 O

R_RSIG N1l VSIG 10k TC=0,0
vV V2 VDD 0 1.8Vdc
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Nk ok k ok ok ok ok ok ok ok ok ok ok ok

ere

DS models begin here**xxx & &k dkkkkkk*

.model NMOS4 NMOS (LEVEL= 1 VTO=0.45 GAMMA= 0.3 PHI=0.84

LAMBDA= 0.08

+

+ RS= 0.0

+ RD= 0.0

+ CBD= 0.0

+ CBS= 0.0

+ IS= 1.0e-14

+ PB= 0.9

+ CGSO= 0.3665e-9

+ CGDO= 0.3665e-9

+ CGBO= 0.38e-9

+ RSH= 0

+ CJ= 1.6e-3

+ MJ= 0.5

+ CJSW= 2.0405e-10

+ MJSw= 0.200379

+ JS= 8.38e-6

+ TOX= 4.08e-09

+ NSS= 0.0

+ TPG= 1.0

+ LD= 10e-9

+ U0 = 291

+ KF= 0.0

+ AF= 1.0

+ FC= 0.5

+ TNOM= 27

+ )

* Kk Kk Kk Kk ok ok ok ok ok ok ok ok k k kA ,\J l ’ fﬂ(f‘d’f‘lf% ‘f‘ﬂd hf re *Fhkhkhkhhkhhhhkhkhkhhhhkhkhkkxk
* * % Xk k% % ;‘T‘:]",'t,‘v-if,‘v ff%@['iTl r%—,%\AAAAAAAAAAAAAxNN
.OP

.TRAN 0.0lm 2.5m

. PROBE

.END

AAAAA * K % :‘AI'L::ll ysSis (‘,[",(1:3 hffifi * ok k ok ok ok ok ok ok kk ok k ok kK
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Example S.8.1

The schematic of this example is shown below.

PARAMETERS: VDD VDD
Iref = 100U b A
M=2
M1 =10
M=y Lo M3 M2 L M= {M}
VDD =10 W= 375U |, L W= 37 50
L=8u [ ] L=8u
W=12.5u -+ +
{Iref}
\l/ ) ouT i
VDD
-0
. M1 L M=}
——  DC={vDD} IN L W=
g " L=6u
Vin T
1.5vdc
— __I_ j—
-0 -0 -0

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

kxxxxxxxExample S 8.1 FXXXXXXXX XXX * %
kxKkxkxHk% Main circult begins here*x*xxksxkkxksx
M1 OUT IN 0 O NMOS5PO
L=6u
W={W}
AD=1.72E-12
AS=1.72E-12
PD=5.25E-6
PS=5.25E-6
M={M1}
VDD 0 {VDD}
VG23 VG23 VDD VDD PMOS5P0
L=6u
W=37.5u
AD=1.72E-10
AS=1.72E-10
PD=5.25e-5
PS=5.25E-5
M={M}
2 VG23 0 DC {Iref}

H+ + + + 4+ 4+ + =2 <+ + + + + + +
(RN
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V_Vin I
M2 ouT
L=6u

W=37.5u
AD=1.72E-10
AS=1.72E-10
PD=5.25e-5
PS=5.25E-5
M={M}

.PARAM 1iref=10

xAkFx AKX Main ci

+ o+ o+ o+ o+

Khkkkhkkhkkhkkhkkhk**x*k

*

.model NMOS5PO
+
+
+
*khkhkkkkkkkkkkkkk

AAAAAA * kK ok koK ok Kok

.model PMOS5PO0
+
+
+
Kk hkhkhkkkkkkkkkkkk

Krxxxxxx Analys
.DC [LIN] V Vin
. PROBE

.END

*kxKkkk*x* Anglys

Sedra/Smith, Microelectronic Circuits, Eighth Edition, Spice solution

N 0 DC 1.5Vdc AC 1lVac
VG23 VDD VDD PMOS5PO

Ou m=2 vdd=10 ml=10 w=12.5u

rcuit ends here***xxkkdkxxrkx

Model for NMOS in 5um CMOS Technology begins here *x k& &k kkkdkdkxkkkdkkxx
(created by Anas Hamoui & Olivier Trescases)

NMOS (Level=1 VTO=1 GAMMA=1.4 PHI=0.7

LD=0.7E-06 WD=0 UO=750 LAMBDA=0.01 TOX=85E-9 PB=0.7 CJ=0.4E-3
CJSw=0.8E-9 MJ=0.5 MJSW=0.5 CGDO=0.4E-9 JS=1E-6 CGBO=0.2E-9
CGS0=0.4E-9)

Model for NMOS in 5um CMOS Technology e S
Model for PMOS in 5um CMOS Technology begins he
(created by Anas Hamoui & Olivier Trescases)
PMOS (Level=1 VTO=-1 GAMMA=0.65 PHI=0.65
LD=0.6E-06 WD=0 UO=250 LAMBDA=0.03 TOX=85E-9 PB=0.7 CJ=0.18E-3
CJSwW=0.6E-9 MJ=0.5 MJSW=0.5 CGDO=0.4E-9 JS=1E-6 CGBO=0.2E-9
CGS0=0.4E-9)

Model for PMOS in 5um CMOS Technology ends

here* * %k k% %k k% xkkkkkkx*k**

S @k Kok Kok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

here* * %k k% %k k% %k % %k k% % % % %

@re* Kk k Kok kokkokkokkokkokx

1s

1is ends herex*kkxkkkkkxxxx*%
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Example S.9.1

The schematic of this example is shown below.

PARAMETERS:

Rt = 20K
A2 = 20K
A2 =2

Rd = 2.3K VoE W
RS = 15.7K i3
RE = 2K
RE = 28 6K

=
[s]
3]

WCC =15

EEEE % E INF § R} § R2} g R2_2) § R § R4}

-15

R3_2=1E-10

v
1V oM} =
260 4

L

- vee ] wes Q7

o
a4 as J -

GAIN=05 VE45 a8

VBE

< pey Ve

&

<

0

i3]
=
m
m

Q0

L’} ? IRE} ? IRE}

[g)

¥

vech

W
E VEE VEE VEE

ﬂti————4hk————b
ﬂtr————4

W
VEE VEE VEE VEE W

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

Xk Kk ok k ok K ok Kk ok ok ok ok %

ek kK kK ok Kk ok ok ok ok ok ok K

ain circuit begins he
Q Q2 VC2 INN VC3 Q2N3904

Q 01 VC1l INP VC3 Q2N3904
R_R3 VC5 vCC {R3}

R R5 VEE VB8 ({RS5}

0_05 VC5 VC2 VE45 Q2N3904
0 04 VC4 VC1 VE45 Q2N3904
R_R4 VC7 vCC (R4}

R RB VB3 0 ({RB}

Q Q6A VE45 VB3 VEE Q2N3904
Q Q6D VE45 VB3 VEE Q2N3904
v_vcc vcc 0 {vccy

v_vd D 0 DC -260.4u AC 1lVac
Q Q6B VE45 VB3 VEE Q2N3904
V_VEE VEE 0 {VEE}

E En N1 INN D O 0.5

0 08 VCC VB8 OUT Q2N3904

0 09 VB3 VB3 VEE Q2N3904
R R2 vC2 vCC ({R2}

R_R1 VCl vCC ({R1}
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0 03
Q 07
R_R6
R R7

Q_Q6C
E_Ep
V_VCM

Sedra/Smith, Microelectronic Circuits, Eighth Edition, Spice solution

VC3 VB3 VEE Q2N3904
VB8 VC5 VC7 Q2N3906
VEE OUT {R6)
vVC4 VCC {R3 2}

VE45 VB3 VEE Q2N3904
INP N1 D 0 0.5

N1 0 {VCM}

.PARAM vcm=0 rb=28.6k vee=-15 r6=3k r5=15.7k r3 2=1e-10 r4=2.3k r3=3k r2=20k
+ vcc=15 rl1=20k

FAAKKFK Main circuilt ends hereX*xxdddddddkkkx

KA A xxFAAAAx**Model for 2N3904 NPN BJT (from Eval library in Psp

yice) begins here***xxkkdxxx

.model Q2N3904 NPN(Is=6.734f Xti=3 Eg=1.11 Vaf=74.03 Bf=416.4 Ne=1.259

+
+
+

FrRxxF A AL xxxF A Model for 2N3904 NPN BJIT (from Eval library in P

Ise=6.734f Ikf=66.78m Xtb=1.5 Br=.7371 Nc=2 Isc=0 Ikr=0 Rc=1
Cjc=3.638p Mjc=.3085 Vijc=.75 Fc=.5 Cje=4.493p Mje=.2593 Vije=.75
Tr=239.5n Tf=301.2p Itf=.4 Vtf=4 Xtf=2 Rb=10)

“e) ends here***xxkxkkxx

Frxxxxxx* Model for 2N3906 NPN BJT (from Eval library in Pspice) begins here****xxxxxxx

.model Q2N3906 PNP(Is=1.41f Xti=3 Eg=1.11 Vaf=18.7 Bf=180.7 Ne=1.5 Ise=0

+ Ikf=80m Xtb=1.5 Br=4.977 Nc=2 Isc=0 Ikr=0 Rc=2.5 Cjc=9.728p

+ Mjc=.5776 Vijc=.75 Fc=.5 Cje=8.063p Mje=.3677 Vje=.75 Tr=33.42n

+ Tf=179.3p Itf=.4 Vtf=4 Xtf=6 Rb=10)

““““ *AAkxxx kA AModel for 2N3906 NPN BJT (from Eval library in Pspice) begins here****xxxkiix
Frkxxkxx Analysis begins here*x*xxkkxkdkxkdxkx

.OP

.DC [LIN] V. vd =15 15 0.1

* AC DEC 20 1 1G

*.DC

[LIN] V.VCM -15 15 0.1

.PROBE

.END

kxkxkxkxkxkxx Analysis ends here®** & & & & & & & & & & &% %
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Example S.9.2

The schematic of this example is shown below.

I+

Sedra/Smith, Microelectronic Circuits, Eighth Edition, Spice solution

4
FREQ =1k
AC=1Vac
0vdc
Netlist:

M

+

+

+ A

+ A

+ P

+ P

+ M

M M3 VD1
+ L=0.2u

+ W=0.64u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25e-6

+ PS=5.25E-6

+ M=14

M M1 VD1
+ L=0.2u

+ W=0.48u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25E-6

+ PS=5.25E-6

+ M=6

M M2 VD2
+ L=0.2u

+ W=0.48u

rculit begins here

VD1 VDb VDD PMOS4

VD1l VDD VDD PMOS4

IN- VD5 0 NMOS4

IN+ VD5 0 NMOS4

© Oxford University Press, 2020

Kk Kk kK Kk ok kK ok Kk K

VDD VoD
v
Vde ==
T L=02u L, T L=02u
200uAdc | W=0.64u B W=0.64u
P @ Mm=14 4 M3 M.+ M=26
b 0
de —==
[vss Vo1
M=6 M2
1 M=6 Z . s
IN- Y w=o048u WEPS? N+ vouT
L=02u =02
s
IN-
VD5
V5
FREQ = 1k M=13 L M8 s M=13 M7 L m=13
AC = -1Vac W=0.48u o VG5 N W=048u W=048u
L=02u I al L=02u L=0.2u
o £ X s
;LF
i Vss
]
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AD=1.72E-12
AS=1.72E-12
PD=5.25E-6
PS=5.25E-6
M=6
M5 VD5 VG5 VSS 0 NMOS4
L=0.2u
W=0.48u
AD=1.72E-12
AS=1.72E-12

PD=5.25E-6

PS=5.25E-6
M=13
M7 VOUT VG5 VSS 0 NMOS4
L=0.2u

W=0.48u

AD=1.72E-12

AS=1.72E-12

PD=5.25E-6

PS=5.25E-6

M=13

M6 VOUT VD2 VDD VDD PMOS4
L=0.2u

W=0.64u

AD=1.72E-12

AS=1.72E-12

PD=5.25e-6

PS=5.25E-6

M=26

M8 VG5 VG5 VSS 0 NMOS4
L=0.2u

W=0.48u

AD=1.72E-12

AS=1.72E-12

PD=5.25E-6

PS=5.25E-6

M=13
11 VDD VG5 DC 200uAdc

V2 0 VSS 1vdc
Vv V1 VICM 0 0vdc
vV V3 VDD 0 1vdc
V_V4 IN+ VICM AC 1lVac
+SIN 0 Im 1k 0 0 O
V_V5 IN- VICM AC -1Vac
+SIN 0 Im 1k 0 0 O

%% Main circuit

2o+ o+ o+ o+ o+

R4+t R

R4+ + o+ o+ o+

< H+ 4+

e * * % ok k% %k k% % % *

Xk kkkkhkhkkkkkkkkkk*k PMOS anc NMO mo ,\»1\\ l s }'7 eg L n ;«1 ere*kkkkkkkokkkkkkkok*k * % % %

.model PMOS4 PMOS (Level=1 VTO=-0.5 GAMMA=0.3 PHI=0.8

+ LD=0.01E-06 WD=0 UO=132 LAMBDA=0.11 TOX=5E-9 PB=0.9 CJ=0.93E-3
+ CJSW=170E-12 MJ=0.5 MJSW=0.35 CGDO=0.35E-9 JS=5E-9 CGBO=0.38E-9
+ CGS0=0.35E-9)

.model NMOS4 NMOS (Level=1 VTO=0.5 GAMMA=0.3 PHI=0.8

+ LD=0.01E-06 WD=0 UO=370 LAMBDA=0.08 TOX=5E-9 PB=0.9 CJ=0.57E-3
+ CJSW=120E-12 MJ=0.5 MJSW=0.4 CGDO=0.4E-9 JS=10E-9 CGBO=0.38E-9

+ CGS0=0.4E-9)

* Kk kkk*k*x XX X% **PMOS and NMOS mo

kkkkk*k*k* Anglysis Q%QﬂTQ here**x k%% xk %k *x****x%*
.DC [LIN] V.Vl -1.0 1.0 100m

*.AC DEC 20 1 10K

*.DC LIN V_V5 -750u 400u 20u

. PROBE
.END

)k Kk ok koK k K uﬁalyﬁiﬁ ends here* *x %k kx %k k k% ** % %
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Example S.10.1

The schematic of the CS amplifier of this example is shown below.

FPARAMETERS: VDD VDD
Cload = 0.5p 4 i}
C8=1
Iref =100u
M=a
M1=18 L=0.6u |‘ VG235 'lt: L=0.6u
- W=5u ¢ 4 W =5u
Rsig =100 M= M} M3 Mz ! =y
VDD =33
1
{Iref} ouT
= - &1
?D {Cload}
V%D R1 mi 1 m=mn L
VSIG I W=1 =
R a iy 0
{Rsig} i
v W51
Wobi— V2 2
1Vac 6 fren
2 45Vde
— = 2
’ 1 i cs)
0

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

Xk Kk Kk Kk A K

kx*x*x%%% Main circuit g
1 OUT IN VS1 0 NMOSOPS5

S here® kK k Kk k ok k ok kokk ok

+
N

+ AD=1.72E-12
+ AS=1.72E-12
+
N
v
I

PD=5.25E-6
PS=5.25E-6
M={M1}
11 VG23 0 DC {Iref}
I 12 VSl 0 DC {Iref}
v V1 VDD 0 {VDD}
R R1 VSIG IN {Rsig} TC=0,0
cc1 0 OUT {Cload} TC=0,0
cc2 0 VSl {cs} 1TC=0,0
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=
=
w

VG23 VG23 VDD VDD PMOSO0P5

.712E-12
AS=1.72E-12
.25e-6

PS=5.25E-6

M={M}
M2 OUT VG23 VDD VDD PMOSOPS5
L=0.6u

W=5u

AD=1.72E-12

AS=1.72E-12

PD=5.25e-6

PS=5.25E-6

M={M}
V2 VSIG 0 AC 1lvVac
+SIN 2.45Vdc 1 1k 0 0 O

.PARAM 1iref=100u cs=1 m=4 vdd=3.3 cload=0.5p rsig=100 ml=18

kxkxkx Main circuit ends here*x*xkxdxdkdhsk

I
g
7
[€)]

<+t o+ o+ o+

-

Frxxxxxxxxx* Model for NMOS in 0.5um CMOS Technology begins here* * % & &k kkkkkdkkkkxx

* (created by Anas Hamoui & Olivier Trescases)

.model NMOSOPS5 NMOS (Level=1 VTO=0.7 GAMMA=0.5 PHI=0.8

+ LD=0.08E-06 WD=0 UO=460 LAMBDA=0.1 TOX=9.5E-9 PB=0.9 CJ=0.57E-3
+ CJSW=120E-12 MJ=0.5 MJSW=0.4 CGDO=0.4E-9 JS=10E-9 CGBO=0.38E-9
+ CGS0=0.4E-9)

””””” *HxxxxModel for NMOS in 0.5um CMOS Technology e here**xkkxxxxxxxxxxx*

XE KKK KA AAA A Model for PM in 0.5um CMOS Technology begins here****xxkkkrxxttxxxk
* (created by Anas Hamoui & Olivier Trescases)
.model PMOSOPS5 PMOS (Level=1 VTO=-0.8 GAMMA=0.45 PHI=0.8

LD=0.09E-06 WD=0 UO=115 LAMBDA=0.2 TOX=9.5E-9 PB=0.9 CJ=0.93E-3

+
+ CJSW=170E-12 MJ=0.5 MJSW=0.35 CGDO=0.35E-9 JS=5E-9 CGBO=0.38E-9
+

CGS0=0.35E-9)
*rAkxkxHk*k**Model for PMOS

in 0.5um CMOS Technology ends here***xxkkkkxxkkkkxx

AAAAAAAA Analvyvsis Dbegins here®* k&% k& x k& xk&x**
.OP

AC DEC 20 1 1G

PROBE

.END

AAAAAAAA Analvyvsis ends here** %k &%k &%k & xk*x
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The schematic of the folded-cascode amplifier of this example is shown below

L=06u
W= 5u

M =M}

PARAMETERS: VoD WD
Cload = 0.5p iy
c5=1
Iref=-100u
M=d
+
M =18 L= 0.6u Vo] E L=08u
; W=5u W =50
Fsig = 109 M= (M M4 M2 = 2y
VDD =33
0]
{lref} D
-0
VDD R1 w1 M=
VSIG N _’_| W=1350
A L=0.6u
v W51
DD} ——
V= V2
T tvae {Iref}
2.45Vdc
e C2
-0

Netlist:

M= {3
W=1.25u
L= 0:6u

L=05u

W=5u

W=y 4

M5

.

-

L W=g

W=125u
L=05u

1
-0

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

,,,,,,,,,,,,,,,, Exar
""" lain

I 12

I 11 VG23 0 DC {Iref}

M7M3 D VG23 VDD VDD PMOSOP5
+ L=0.6u

+ W=5u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25e-6

+ PS=5.25E-6

+ M={2*{M}}

R_Rl VSIG IN {Rsig} TC=0,0
c C2 0 vsl ({Cs} TC=0,0

Vv V2 VSIG 0 AC 1lVac

+SIN 2.45Vdc 1 1k 0 0 O

M M1 D IN VS1 0 NMOSOP5
+ L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25E-6

PS=5.25E-6

+ o+ o+ o+ o+
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2R

Nl
=
=

VG23 VG23 VDD VDD PMOSO0P5

i
o
()}
c

W=5u
AD=1.
AS=1.
PD=5.
PS=5.
M={M}
V1 VDD 0 {VDD}
Cl 0 OUT ({Cload} TC=0,0
7M2 OUT VG28 D VDD PMOSOPS
L=0.6u
W=5u
AD=1.
AS=1.
PD=5.
PS=5.
M={M}
[ M7 VG7 VG7 VDD VDD PMOSOP5
L=0.6u
W=5u
AD=1.
AS=1.
PD=5.
PS=5.
M={M}
7M8 VG28 VG28 VG7 VDD PMOSOPS5
L=0.6u
W=5u
AD=1.
AS=1.
PD=5.
PS=5.
M={M}

T72E-12
T2E-12
25e-6
25E-6

T2E-12
72E-12
25e-6
25E-6

T2E-12
T2E-12
25e-6
25E-6

72E-12
T2E-12
25e-6
25E-6

I3
I4
M5

VDD VG56 DC {Iref}
VG28 0 DC {Iref}
OUT VG56 0 0 NMOSOP5

L=0.6u
W=1.25u
AD=1.72E-12
AS=1.72E-12
PD=5.25E-6
PS=5.25E-6
M={M}

M6 VG56 VG56 0 0 NMOSOPS5
L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25E-6

PS=5.25E-6

M={M}

R e A I TR b b S S = T b b b

+ o+ o+ o+ o+ o+

iref=100u cs=1 m=4 vdd=3.3 cload=0.5p rsig=100 ml=18

<<<<<<<<< Main circuit ends here* * k% %%k k% x % % *

x % %k x * *x *Mode]

for NMOS in 0.5um CMOS Technology begins RRRRR R R R Rk
* (created by Anas Hamoui & Olivier Trescases)

.model NMOSOP5 NMOS (Level=1 VTO=0.7 GAMMA=0.5 PHI=0.8

+ LD=0.08E-06 WD=0 UO=460 LAMBDA=0.1 TOX=9.5E-9 PB=0.9 CJ=0.57E-3
+ CJSW=120E-12 MJ=0.5 MJSW=0.4 CGDO=0.4E-9 JS=10E-9 CGBO=0.38E-9

+ CGS0=0.4E-9)

el for NMOS in 0.5um C

here****%

Technology ends here**** & kkkkkxkkkxkx
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"""" ****Model for PMOS in 0.5um CMOS Technology begins here***xxkxxkxkkxkkx*
* (created by Anas Hamoui & Olivier Trescases)

.model PMOSOP5 PMOS (Level=1 VTO=-0.8 GAMMA=0.45 PHI=0.8
+ LD=0.09E-06 WD=0 UO=115 LAMBDA=0.2 TOX=9.5E-9 PB=0.9 CJ=0.93E-3
+ CJSw=170E-12 MJ=0.5 MJSW=0.35 CGDO=0.35E-9 JS=5E-9 CGBO=0.38E-9
+ CGS0=0.35E-9)

Frxxxxxxxxxx Model for PMOS in 0.5um CMOS Technology ends here**xxxx &k kkkdkkkkx
* k kK %k * % ;T‘:]".Vf:'-if," Q%‘Q"i]{lj }/%—,Eiiiiiiiiiiiiixaa

.OP

AC DEC 20 1 1G

PROBE

END

AAAAAA * % :‘A[t::ll ysis (—\41—:(1::; 1’:‘/7:‘;(7: k ok ok ok ok ok ok ok ok ok ok ok kkk ok
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Example S.10.2
The schematic of this example is shown below.
VDD
.| voD
1.8Vdc —=
R RG1 RD1
N 852.5k 341k
-0
CCo1
VD1 I VvouT
11
. 10u
Rsig1 cei M1 L M=1
VSIG N1 VG W=1548
w—) HLL Moo RLA
10u Fe : 50k
vi 10k L
VS1 0
VAMPL:1#E§D
FREQ =1K
AC =1vac gf?zﬂ( ; RS1 - cst
L - 1.3% 10U
TO J—
— J— __0
-0 -0
Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

“““”E\ti;f‘ 10.2 ***kkkKkkkkKkk k Sk k k Kk ok ok ok ok ok
* k ok ok ok k) V'VJJT V,JT',W,:Ji fb";'iT‘, Y%R&&AAAAAA,«,«,«,«,«,«
M_Ml VD1l VGl VSl 0 NMOS4

+ L=0.2u

+ W=15.48u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25E-6

+ PS=5.25E-6

+ M=1

R _RG1 VGl VDD 852.5k TC=0,0
R_RG2 0 VG1 947.5k TC=0,0

R RD1 VvDl VDD 3.41k TC=0,0
R RS1 0 vsl 1.39k TC=0,0

R RL1 0 vouT 50k TC=0,0
R_Rsigl N1 VSIG 10k TC=0,0
Cc_ccri N1 VGl 10u TC=0,0

C _cco1l vDl vOUT 10u TC=0,0
v V1 VSIG 0 AC 1vac

+SIN 0 Im 1K 0 0 O

V_VDD VDD 0 1.8vdc

Cc cs1 0 vsl 10u TC=0,0

““““ Main circuit ends he
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* ok kok ok ok kokkkkkxkkk*NMOS models end here*xx*kxx*x*

.model NMOS4 NMOS (Level=1 VTO=0.45 GAMMA=0.3
LD=0.01E-06 WD=0 UO=370 LAMBDA=0.08 TOX=5E-9 PB=0.9 CJ=0.57E-3

CJISW=120E-12 MJ=0.5 MJSW=0.4 CGDO=0.4E-9 JS=10E-9 CGBO=0.38E-9
+ CGS0=0.4E-9)

AAAAAAA * k% k% k ok k k * N MO

> models end here  x k% kkk sk k k% kk k% k k% %k %

ANalvsis begins here*****xkkkkxxxxx %%
alysis be S ere

Analvsis ends here***x*xkxkxk*x**x*x*
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The schematic of this example using method 1 is shown below.

vee
VCC A
&
v%c v%c
DG=VCC) f § {RC2} PARAMETERS:
(RBA} RCT} CoqeczRU gg;zm
L o ot |VC21T N3 851.?,1’“
lele 1 2 l-.,-921 Tz ik
CTO=1k
cT Q2N3904 =, i
Rs} fcct Sk Thao Ve o e
N1 VBT b RB1= 100K
A b vt RB2 = 15K
Q2N3804 1vac § {RE2} Aot = 10k
VE11 0vdc T {CR RCZ = 8K
RE1=870
{RB2} {RE1} REZ2 = 3.4K
T (CE1} i RF = 10K
=0 RL=1K
RS =10K
— = = = = veC =12
e N4
Ay
vee
A
V(ic V?&C
{RC2}
g {RB1} § RC1} cca RL}
Qzz [veaz | W23
{Ln 1T
c12 1 2 Vg2 |
P Q2N3804 =
Rs) ot 012 VE22 0
N VB12 [ = cTo}
1T h—h It
Q2N3904 ~1Aac @ {REZ} 3k
VE12 Ve 0Adc = iR
0Vac
{RB2} {RE1} .
: =S o ) |
0 -0 -0 -0 _D -0
{RF}
N24
Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

ok k R **Exg e Method

,,,,,,, Main circuit =gins here***
R_RDb8 0 VB12 ({RB2}

R RF3 N24 VB12 {RF}

R Rb7 VB12 VCC ({RB1}

Cc _cc7 VC22 N23 {CC2}

K Kk ok Kk ok Kk ok Kk ok ok Kk
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Q Q22 VC22 VB22 VE22 Q2N3904
L LT3 vOoC VB21 {LT}

c cco VC21 N13  {CC2)

R RES VE22 0 {RE2}

I It VB22 0 DC OAdc AC -lRac
R Rb9 VB11l VCC {RB1}

C Cc8 N21 VB12 {CC1}

L LT2 vCl2 VB22 {LT}

C Ccl0 N1l VB11 {CC1}

C CE5 0 VE11 {CFE1}

C CTI3 N257744 VC12 {CTO}

Q 021 VC21 VB21 VE21 Q2N3904
C CE4 0 VE12 {CEl}

C CT14 N12 VB21 {CTT}

R_RF4 N14 VB11 (RF}

C CF3 N24 VE22 {CF}

R RC8 VC12 VCC {RC1}

R Re7 VE12 0 {RE1}

R_RS4 N11 0 {Rs}

Q 011 VOC VB11l VE11l Q2N3904
R RL3 N23 0 {RL}

R RE10 VE21 0 {RE2}

R_RCY VC21 VCC  {RC2}

v_vce VCC 0 DC={VCC}

R RS3 N21 0 {Rs}

vV vtl N12 0 DC OVdc AC 1Vac
R_Rb10 0 VB11 {RB2}

C CF4 N14 VE21 {(CF}

R RC10 VOC VCC {RC1}

Q 012 VC12 VB12 VE12 Q2N3904
R_RL4 N13 0 {RL}

R RC7 VC22 VCC  {RC2}

R Re9 VE1l 0 {RE1}

vV Vsc N257744 0 DC OVdc AC OVac

.PARAM re2=3.4k cto=1lk rs=10k cap=1lk rb2=15k rel=870 rbl=100k vcc=12 rl=1lk
+ 1rcl=10k rc2=8k cti=1lk ccl=1lk cf=1k cel=1lk rf=10k cc2=1k lt=1le9

k*kkk*k**x Mgin circult ends here****x*xxkkkkkx**x

* Kk ok ok ok ok k ok ok ok k% lﬁ’ll :‘/l /IJQ/’4I] I]BTijln ﬁergxxrr\\\xxxxxx<<xxxxx‘}<‘}<****,&,&,&,&,&,&,&,&,&
.model Q2N3904 NPN(Is=6.734f Xti=3 Eg=1.11 Vaf=74.03 Bf=416.4 Ne=1.259

+ Ise=6.734f Ikf=66.78m Xtb=1.5 Br=.7371 Nc=2 Isc=0 Ikr=0 Rc=1

+ Cjc=3.638p Mjc=.3085 Vjc=.75 Fc=.5 Cje=4.493p Mje=.2593 Vie=.75

+ Tr=239.5n Tf=301.2p Itf=.4 Vtf=4 Xtf=2 Rb= 10)

. 2N3904 NPN BJT ends here k%

AKhkkhkhkhkhkkhkkhkkhkkhkkhkkhk*h*

xkkkkkkkkkk*x Mo

* K Kk K ok kK Kk hﬁﬁljSLﬂ beQLKS here* * %k k& kkkkkkkk k%

.AC DEC 20 1 1G

.PROBE ; e plottir )+1/ I(V_Vsc))) for magnitude plot and
(=1/(1/ C)+1/ I(V

END

* Kk ok Kk kK Kk ok ]kl\,i‘il}'SiS Elid&‘ }le—:e**iiiiiiiii*xxxx
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The schematic of this example using method 2 is shown below.

vee
vCe b
A
L Ve Ve
pe={veCy == RCZ} PARAMETERS:
gl cer=1K
L [RB1} RC1Y _ 1{cc;z} i {RL} cC2=1K
VE2 3 CET=1K
0 ) i o az ! Ay i CF=1K
vr 1 2 VB21 CTI=1K
L ! ™ Q23904 ETTO 1=E1s§
R ce an s VER 0
e Y VB11 2 RE1 = 100K
It Vil RB2= 15K
Q23904 Vae RED RC1 = 10k
WVET1 Vde — {CF} RC2= 8K
RE1 = 870
[RBZ} RETY RE2= 34K
{CET} 1 RF = 10K
T = RL=1K
L RS = 10K
=0 %70 %70 =0 =9 VeC =12
RF
f\N}M H1d
vee
Fi)
VeC VeC
§ RCZ
; RET} ; RCT = {£T0} {©C2 RL
gz |vezz TN
{LT} 1T
etz 1 2 VB2
[
a2 QoN3e0d =
{Rs} ceh VE22
N2 VB2 [
1T
=N
Q2N3904 ; RED
VE12 L eh
{RB2 RET
§ § {CET T s
1
) o To o0
{RF}
A 24
Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

R RL3 N23 0 {RL}

R_RF3 N24 VB12 {RF}
R Rb9 VB11l VCC {RB1}
L LT2 VCl2 VB22 {LT}
R Rb7 VB12 VCC ({RB1}
R _RE10 VE21 0 {RE2)
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R_RF4 N14 VB11 {RF}

R RS4 N1l 0 {Rs}

R Re7 VE12 0 {REl}

R RCY VC21 VCC {RC2}

R _RES VE22 0 {RE2}

C Cc8 N21 VB12 {CCl}

C Ccl0 N1l VB11 {CC1l}

c_cc7 VC22 N23 {CC2}

R_RC7 VC22 VCC {RC2}

Q_Q21 VC21 VB21 VE21 Q2N3904
Q 022 VC22 VB22 VE22 Q2N3904
C CF3 N24 VE22 {CF}

C CE4 0 VE12 {CEl}

R_Re9 VE1l 0 {REl}

R_RC8 VCl2 VCC {RC1}

Q7Q12 VC12 VB12 VE12 Q2N3904
R RC10 VR VCC {RC1l}

C _CTI4 N12 VB21 {CTI}

R Rb10 0 VB11 {RB2}

C _Ccc9 VC21 N13 {CC2}

C Cr4 N14 VE21 {CF}

V_vcCcC VCC 0 DC={VCC}

vV _vtl N12 0 DC 0vVdc AC 1lVac
R RS3 N21 0 {Rs}

R _RDb8 0 VB12 {RB2}

R RL4 N13 0 {RL}

C CES 0 VE11 ({CE1l}

0 011 VR VB11l VE11l Q2N3904
L_LT3 VR VB21 {LT}

C_CTI3 VB22 VR {CTO}

.PARAM cto=1lk re2=3.4k rs=10k cap=lk rel=870 rb2=15k rbl=100k vcc=12 rl=1k
+ rcl 10k rc2=8k cti=1lk ccl=1k cel=1lk cf=1k rf=10k cc2=1k lt=1le9

* kK ok ok ok ok ok ok ok ok ok ok ok

** Main circuit ends here
<<<<< * ok k k k ok ok ok l"*l l : T 4[ ( 1 [J [\J t l k"*le l_‘:%‘/\ * ok Kk Kk K % * * khkkhkkhkhkkhkhkhkhkhkkhkhkkkhkkkxkx
.model Q2N3904 NPN(Is=6. 734f Xti=3 Eg=1.11 Vaf=74.03 Bf=416.4 Ne=1.259
+ Ise=6.734f Ikf=66.78m Xtb=1.5 Br=.7371 Nc=2 Isc=0 Ikr=0 Rc=1
+ Cjc=3.638p Mjc=.3085 Vjc=.75 Fc=.5 Cje=4.493p Mje=.2593 Vie=.75
+ Tr=239.5n Tf=301.2p Itf=.4 Vtf=4 Xtf=2 Rb= 10)

XKk KKk Kk Kk KKk KKK K Kk Kk ok ok ok Kk ok ok ok ok ok ok ok ok ok ok ok ok K

*kxkkkxkkxxk*x Model for 2N3904 NPN BJIT ends he

* %k Kk x k K Kk Xk Kk Kok ok ok ok ok ok ok ok kok ok

Analysis begins here
.AC DEC 20 1 1G
. PROBE

.END

kxkkxkkxk*k*x Anglysis ends herex *x*xkkkkkxkx***
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The schematic of this example for finding Av is shown below.

VDD
V3
AL ! I io L
) L=0.2u L L=0:2u W e 0480
i W= 0.64u :]| ¢ W=05du 4,_| -0
e = @ m=15 " mz ma' TR m=is ol
Wde = 0 200uAde
LYy o2
VsE VD 2
M=7 4 M2
M M=7 : L
Wil T W= 0480 "'“L'_”b“gﬂ :] Yol
FREQ =1k 44 L=02u : y
AC=1Vac —
e 0
YL
M=14 L M8 0 MS M= 14 WL Mo
W =0.48u :]l « VG5 N W=0.48u [: W= 0480
L=102u | al ey S =0
F S e -
VEE
Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

kxkkkx* Main circ

V_V4 VIN
+SIN 0 1Im 1k 0 O
M M1 VD1
+ L=0.2u

+ W=0.48u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25E-6

+ PS=5.25E-6

+ M=7

M M3 VD1
+ L=0.2u

+ W=0.64u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25e-6

+ PS=5.25E-6

+ M=15

I I1

M M5 VD5
+ L=0.2u

+ W=0.48u

11.2 (Av
cuit

0 aAC 1
0

ins here**

Vac

VIN VD5 0 NMOS4

VD1l VDD VDD PMOS4

VDD VG5 DC 200uAdc

VG5 VSS 0 NMOS4
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+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25E-6

+ PS=5.25E-6

+ M=14

M M8 VG5 VG5 VSS 0 NMOS4
+ L=0.2u

+ W=0.48u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25E-6

+ PS=5.25E-6

+ M=14

vV V2 0 VsSS 1vdc

M_M4 VD2 VD1 VDD VDD PMOS4
+ L=0.2u

+ W=0.64u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25e-6

+ PS=5.25E-6

+ M=15

M M7 VOUT VG5 VSS 0 NMOS4
+ L=0.2u

+ W=0.48u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25E-6

+ PS=5.25E-6

+ M=14

M7M2 VD2 0 VD5 0 NMOS4
+ L=0.2u

+ W=0.48u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25E-6

+ PS=5.25E-6

+ M=7

v_v3 VDD 0 1vdc

M7M6 VDD VD2 VOUT 0 NMOS4
+ L=0.2u

+ W=0.48u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25E-6

+ PS=5.25E-6

+ M=14

Main circuit ends here***x*xkxkxkx**

Kk kK % ok kkxkxk*PMOS and NMOS models begin here® * &k &k &k &k &k xkxkk* k% *
.model NMOS4 NMOS (LEVEL= 1 VTO=0.5 GAMMA= 0.3 PHI=0.84

+ LAMBDA= 0.08

+ RS= 0.0

+ RD= 0.0

+ CBD= 0.0

+ CBS= 0.0

+ IS= 1.0e-14

+ PB= 0.9

+ CGSO= 0.3665e-9
+ CGDO= 0.3665e-9
+ CGBO= 0.38e-9
+ RSH= 0

+ CJ= 1.6e-3

+ MJ= 0.5
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+ CJSW= 2.0405e-10
+ MJSw= 0.200379
+ JS= 8.38e-6
+ TOX= 4.08e-09

+ NSS= 0.0

+ TPG= 1.0

+ LD= 10e-9

+ U0 = 291

+ KF= 0.0

+ AF= 1.0

+ FC= 0.5

+ TNOM= 27

+ )

.model PMOS4 PMOS (LEVEL= 1 VTO=-0.5 KP=86.le-6 GAMMA= 0.3

+ PHI= 0.8
+ LAMBDA= 0.11
+ RS= 0.0
+ RD= 0.0
+ CBD= 0.0
+ CBS= 0.0
+ IS= 1.0e-14
+ PB= 0.9
+ CGSO= 0.3426e-9
+ CGDO= 0.3426e-9
+ CGBO= 0.35e-9
+ RSH= 0
+ CJ= 1.01574e-03
+ MJ= 0.4490538
+ CJSW= 2.0405e-10
+ MJSw= 0.2931001
+ JS= de-"7
+ NSS= 0.0
+ TPG= 1.0
+ LD= 10e-9
+ KF= 0.0
+ AF= 1.0
+ FC= 0.5
+ TNOM= 27
+ )
*kkkkkkkkkkkkk*x*k*kPMOS ynd NM end
* kK nalysi Hjil\ here* * %k %k %k kkkkkk**
.OP
.AC DEC 20 1MEG 5G
PROBE
END

k% Kk Kk k ok kK ok K ok Kk ok Kk X

Analysis ends here

The schematic of this example for finding A is shown below.
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VoD VDD
V3
— i M6 M=14
fr L=0.2u ’ N L=02u W =0.48u
1" W= 0.64u I 'IE: W =0.64u L=02u
F\m L (\D m=15 4 "m3 M "4 M=15 £
. =0
— 200uAde
1;33 VD Vo2
- M=7 1 m2
Mty M=7 W=045u N VouT
W=0.45u L=02u R3
L=02u T y
FREQ = 1k L R R2
AC = 1Vac gk 92k ¢——AAA—
VD5 N2
92k
M=14 L M8 M5l M=14 M7 L WM=14 gR;k
W=0.48u :]| . VGE R |E W=048u W =0.48u
L=02u R il L=02u L=02u
Py rt 't
-0
veg

Netlist:

n circuit begins here

VDD VD2 VOUT 0 NMOS4

VD5 VG5 VSS 0 NMOS4

VDD VG5 DC 200uAdc
vD1l VD1l VDD VDD PMOS4

<+ 4+ + o+
g
7
o
N
a
[0}
|
o

V2 0 VSS 1vdc

V_Vv4 VIN 0 AC 1lVac

+SIN 0 1Im 1k 0 0 O

M M1 VD1l VIN VD5 0 NMOS4
+ L=0.2u

+ W=0.48u

+ AD=1.72E-12

+ AS=1.72E-12
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PD=5.25E-6

PS=5.25E-6

M=7

V3 VDD 0 1vdc
M8 VG5 VG5 VSS 0 NMOS4
L=0.2u

W=0.48u

AD=1.72E-12

AS=1.72E-12

PD=5.25E-6

PS=5.25E-6

M=14
_M2 VD2 N1 VD5 0 NMOS4
L=0.2u

W=0.48u

AD=1.72E-12

AS=1.72E-12

PD=5.25E-6

PS=5.25E-6

M=7
_M4 VD2 VD1 VDD VDD PMOS4
L=0.2u

W=0.64u

AD=1.72E-12

AS=1.72E-12

PD=5.25e-6

PS=5.25E-6

M=15
_M7 VOUT VG5 VSS 0 NMOS4
L=0.2u

W=0.48u

AD=1.72E-12

AS=1.72E-12

+ R+ ++ 4+ + + + z‘< + + +

+ R+ o+

+ R+ o+ o+

+
+

+

+ PD=5.25E-6

+ PS=5.25E-6

+ M=14

R R1 0 N1 8k TC=0,0

R R2 0 N1 92k TC=0,0
R_R3 N2 VOUT 92k TC=0,0
R R

4 0 N2 92k TC=0,0
* % ) S }, ~

kkhkk ok Kk ok kk kK kKK

Main circuilt

* %k * %k % * PNV

* * % % s H‘u‘d e ‘ s b(: '»T ‘ N here***x*x*xkkkkxkxkxkkxxkx%
.model NMOS4 NMOS (LEVEL= 1 VTO=0.5 GAMMA= 0.3 PHI=0.84

+ LAMBDA= 0.08

+ RS= 0.0

+ RD= 0.0

+ CBD= 0.0

+ CBS= 0.0

+ IS= 1.0e-14

+ PB= 0.9

+ CGSO= 0.3665e-9
+ CGDO= 0.3665e-9
+ CGBO= 0.38e-9
+ RSH= 0

+ CJ= 1.6e-3

+ MJ= 0.5

+ CJSW= 2.0405e-10
+ MJSw= 0.200379
+ JS= 8.38e-6

+ TOX= 4.08e-09

+ NSS= 0.0

+ TPG= 1.0

+ LD= 10e-9

+ U0 = 291
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KF= 0
AF= 1
FC= 0
TNOM= 2
)

+ o+ o+ o+ o+

.model PMOS4 PMOS (LEVEL= 1 VTO=-0.5 KP=86.le-6 GAMMA= 0.3

+ PHI= 0.8

+ LAMBDA= 0.11

+ RS= 0.0

+ RD= 0.0

+ CBD= 0.0

+ CBS= 0.0

+ IS= 1.0e-14

+ PB= 0.9

+ CGSO= 0.3426e-9
+ CGDO= 0.3426e-9
+ CGBO= 0.35e-9

+ RSH= 0

+ CJ= 1.01574e-03
+ MJ= 0.4490538
+ CJSW= 2.0405e-10
+ MJSw= 0.2931001
+ JS= 4e-T7

+ NSS= 0.0

+ TPG= 1.0

+ LD= 10e-9

+ KF= 0.0

+ AF= 1.0

+ FC= 0.5

+ TNOM= 27

+

.AC DEC 20 1MEG 5G

******* nalvsis ends here kK ok ok ok K ok ok K
Analysis ends here*****x*k***

© Oxford University Press, 2020



The schematic for finding Af in this example is shown below.

1vdc

vde

Netlist:

Sedra/Smith, Microelectronic Circuits, Eighth Edition, Spice solution

VoD

11

0 <g2> 200uAde

FREQ =1k
AC =1Vac

M=14 L
W=0.48u |,

L=02u
W=0.64u

M=15 4

4
| *

M3

VD1

- M=7

W=0.48u

L=0:2u

ol

M4 4

I L=02u
W= 0.64U
b M=15

M=7
W=0:48u
L=0.2u

ME

-

L M=114
W=0.48u
X L=0:2u

VoUT

VDS

M5

L=02u

M=14
W=048u

L=02u

VS8

M7

F =14
W=10.48u
L=0:22u

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

W=0.48u

PD=5.25E-6
PS=5.25E-6
M=14

V_V3
vV V4
+SIN
M M6
+ L=0.2u
W=0.48u
AD=1
AS=1
PD=5.25E-6
PS=5.25E-6

o+ o+

+ o+ o+ o+ o+

n circuit beg ns here"

AD=1.72E-12
AS=1.72E-12

.12E-12
J12E-12

11.2 (R) *xwxkkxx
0 N1 8k TC=0,0
VOUT N1 92k TC=0,0

VD2 VD1 VDD VDD PMOS4

VOUT VG5 VSS 0 NMOS4

VDD 0 1vdc
VIN 0 AC 1lVac

0 Im 1k 0 0 O

VDD VD2 VOUT 0 NMOS4
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0 Vs
VD1

oS R
I =

o |
oo

VG5

g

N

VD2

w

VD5

IR % T‘Z v R ol T EHRXO-OP PO RKYO P
I o o

B I S T T e e i i i o T S S S S T T T T T e S SR~ s
o

o
FER'S

k %k Kk Kk K Kk k

.model NMOS4

+ LAMBDA= 0.08

+ RS= 0.0

+ RD= 0.0

+ CBD= 0.0

+ CBS= 0.0

+ IS= 1.0e-14

+ PB= 0.9

+ CGSO= 0.3665e-
+ CGDO= 0.3665e
+ CGBO= 0.38e-9
+ RSH= 0

+ CJ= 1.6e-3

+ MJ= 0.5

+ CJSW= 2.0405e-
+ MJSw= 0.200379
+ JS= 8.38e-6
+ TOX= 4.08e-09

S 1lvdc
VIN VD5 0 NMOS4

VG5 VSS 0 NMOS4

N1 VD5 0 NMOS4

VG5
VD1

DC 200uAdc

VG5 VSS 0 NMOS4

s here

’MOS and NMOS

-9

10

models

NMOS (LEVEL= 1 VTO=0.5 GAMMA= 0.3

Sedra/Smith, Microelectronic Circuits, Eighth Edition, Spice solution

VDD VDD PMOS4

beg in herex***%%%%% %% Kk Kok ok ok ok ok ok ok ok

PHI=0.84
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+ NSS= 0.0

+ TPG= 1.0

+ LD= 10e-9
+ U0 = 291

+ KF= 0.0

+ AF= 1.0

+ FC= 0.5

+ TNOM= 27
+)

.model PMOS4 PMOS (LEVEL= 1 VTO=-0.5 KP=86.le-6 GAMMA= 0.3

+ PHI= 0.8
+ LAMBDA= 0.11
+ RS= 0.0
+ RD= 0.0
+ CBD= 0.0
+ CBS= 0.0
+ IS= 1.0e-14
+ PB= 0.9
+ CGSO= 0.3426e-9
+ CGDO= 0.3426e-9
+ CGBO= 0.35e-9
+ RSH= 0
+ CJ= 1.01574e-03
+ MJ= 0.4490538
+ CJSW= 2.0405e-10
+ MJSW= 0.2931001
+ JS= 4e-7
+ NSS= 0.0
+ TPG= 1.0
+ LD= 10e-9
+ KF= 0.0
+ AF= 1.0
+ FC= 0.5
+ TNOM= 27
+ )
KKKk ko PV and NMOS model nd here****xxkkxkkkxkkkxkkx*
AAAAAAAA Analysis begins here****x*xxkk* k% k% * %%
.OP
.AC DEC 20 1IMEG 5G
PROBE
END

Analysis ends here*****xkxkxkxkxsx
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Example S.12.1

The schematic of this example is shown below.

PARAMETERS:
RL=8 VCC
i
VCC =23
VCC QN
Pl K QMJE243
e e— IN _ L out
i Vin R
VOFF=0
VAMPL = 17.9 fe
. 0 FREQ = 1K QMJE253
VCCY} —— = QP
-0 -0
i
NCC
W
NCC

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

T a K KK K Kk Kk ok Kk K Kk Kk Kk
*Exa S 12.1

uit begins herex**xxkxkkxkdxx*
IN OUT QMJE243
0 -vCC {vCC}
OuUT 0 ({RL}
VCC 0 {vCC}
-VCC IN OUT QMJE253
IN O
+SIN 0 17.9 1K 0 0 O
.PARAM vcc=23 rl=8

AAAAAAA ain circt ends here* ** %%k k*x**x*x%

irc

vC

*x Kk xxxk*Mode for MJE243 Po
.model OQMJE243 NPN (
IS=1.27357e-12 BF=188.792 NF=1.05658 VAF=13.5417

IKF=0.442678 ISE=le-16 NE=4 BR=1.73115

NR=1.04113 VAR=135.417 IKR=1.00889 ISC=le-16

NC=2.93725 RB=193.999 IRB=5.29235e-05 RBM=0.000841015

RE=9.44257e-05 RC=0.216999 XTB=1.16682 XTI=0.80411

EG=1.05 CJE=2.19516e-10 VJE=0.99 MJE=0.39332

TF=1.51916e-09 XTF=1.21445 VTF=11.3491 ITF=0.0098534

CJC=7.43909e-11 VJC=0.4 MJC=0.287382 XCJIJC=0.799998

FC=0.577401 CJs=0 VvJs=0.75 MJsS=0.5

TR=7.76174e-07 PTF=0 KF=0 AF=1)

kxxxxx*x*Model for MJIE243 Power NPN BJT (from ON Semiconductor) ends here****%*

r NPN BJT (from ON Semiconductor) begins here*****

+ o+ o+ o+
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PNP BJT (from ON Semiconductor) begins herex****

OMJE253 PNP (
IS=2.52937e-13 BF=54.36 NF=1.01478 VAF=4.91894
IKF=0.84154 ISE=6.32316e-13 NE=3.6001 BR=3.71504
NR=1.15303 VAR=49.1894 IKR=4.42705 ISC=6.32316e-13
NC=2.93783 RB=417.673 IRB=7.10249e-06 RBM=0.000992345
RE=6.68257e-05 RC=0.262081 XTB=1.32735 XTI=0.01
EG=1.05 CJE=1.57797e-10 VJE=0.99 MJE=0.339209
TF=2.58603e-09 XTF=1.5 VTF=0.999999 ITF=1
CJC=6.54856e-11 VJC=0.0328604 MJC=0.208693 XCJC=0.8
FC=0.532891 CJs=0 vJs=0.75 MJS=0.5
TR=7.83777e-07 PTF=0 KF=0 AF=1)

Mode for MJE253 Power PNP BJT (from ON Semiconductor) ends here*****

odae

Analysis gins here® ** %%k & & & & & & & & % %

0.01lmS 3mS

*.DC [LIN] V Vin -10 10 1m

. PROBE
.END

N R
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Example S.13.1

The schematic of this example for AC analysis is shown below.

VDD VDD VDD
PARAMETERS: & & &
Cc=0.6p
Cload =1p
3 M={Msr L ome M5 L M={us} M7 L M={T7y
Iref=30u w=1250 |, vG8 o w=1250 L w=1250
M1=8 L=06u I "= L=06u i L=06u
M2=g £ 2 3
M3=2
M4 =2 VD5
M5 =16
MG =4 Iref
M7 =16 firefy
Mg =16
ML M=y M=y | M2
R=153K NN W=125u | W=125u Al INP ) uT
S M L=06u L=060 [
VCM = 1.65 =0 T T
VDD =323
iR} {Cc} {Cload}
B N1
b e Ay I
Ms { m=quEy =,
A N I[: W=1.25u
vd . i L=0.6u
i\ VCMy ol R M= {M3} M3 N M = {M4} T
ac M} — R M = {M -+ I i + M={M
@ _ T W= 1250 W= 1250
ovde T L=06u L=06u
NN £ "
Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

kxkx KKKk k*Examole S 3. Ak k ok k& &k ok ok ok kK K kK

ircuit begins here**x*xx %% %% %% %% % *

V_veM N2 0 {vCM}

V_VvcCcC VDD 0 {VDD}

M7M8 VG8 VG8 VDD VDD PMOSO0P5
+ L=0.6u

+ W=1.25u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25e-6

+ PS=5.25E-6

+ M={M8}

C CL 0 OUT {Cload}

M7M7 OUT VG8 VDD VDD PMOSOPS
+ L=0.6u

+ W=1.25u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25e-6

+ PS=5.25E-6

+ M={M7}

E En N2 INN D 0 0.5

v_vd D 0 DC 0vdc AC 1Vac

I Iref VG8 0 DC {Iref}

M M5 VD5 VG8 VDD VDD PMOSOP5
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L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25e-6

PS=5.25E-6

M={M5}

Cc N1 OUT ({Cc}

M2 A INP VD5 VD5 PMOSOP5
L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25e-6

PS=5.25E-6

M={M2}
M4 A B 0 0 NMOSOP5
L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25E-6

PS=5.25E-6

M={M4}

M1 B INN VD5 VD5 PMOSOPS
L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25e-6

PS=5.25E-6

M={M1}
M3 B B 0 0 NMOSOP5
L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25E-6

PS=5.25E-6

M={M3}
7M6 OUT A 0 0 NMOSOPS
L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

RO+ 4+ + + 4+ + +

R A

WHE+ + 4+ + + + R+ o+t R+ o+

PD=5.25E-6

PS=5.25E-6

M={M6}
Ep INP N2 D 0 0.5
R A N1 (R}

.PARAM m8=16 vcm=1.65 iref=90u cc=0.6p m6=4 m7=16 m4=2 vdd=3.3 mb5=16 m2=8
+ cload=1lp m3=2 ml=8 r=1.53k

Xk k*k*kx* Main CircuUit ends here* * %% %% %% %k *x*

Frxxxxxxxxx* Model for NMOS in 0.5um C Technology begins here* ** %%k kkkkkkkkxxx
* (created by Anas Hamoui & Olivier Trescases)

.model NMOSOP5 NMOS (Level=1 VTO=0.7 GAMMA=0.5 PHI=0.8

+ LD=0.08E-06 WD=0 UO=460 LAMBDA=0.1 TOX=9.5E-9 PB=0.9 CJ=0.57E-3
+ CJSW=120E-12 MJ=0.5 MJSW=0.4 CGDO=0.4E-9 JS=10E-9 CGBO=0.38E-9

+ CGS0=0.4E-9)

FRxxxxxxxxk* Model for NMOS in 0.5um C

Technology ends here*** %% xkkkk &k kK

KAk AAA KK F**Model for PMOS in 0.5um CMOS Technology begins here* i kxkkkkkxxxxxxx

* (created by Anas Hamoui & Olivier Trescases)
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.model PMOSOPS5 PMOS (Level=1 VTO=-0.8 GAMMA=0.45 PHI=0.8

+ LD=0.09E-06 WD=0 UO=115 LAMBDA=0.2 TOX=9.5E-9 PB=0.9 CJ=0.93E-3
+ CJSW=170E-12 MJ=0.5 MJSW=0.35 CGDO=0.35E-9 JS=5E-9 CGBO=0.38E-9
+ CGS0=0.35E-9)

xxxkkxkxx*xx*Model for PMOS in 0.5um CMOS Technology ends here %k %k xk &kt k% x
* kK kK kK K nalysis begins h k% K K kK Kk Kk Kk kK K K

.OP

AC DEC 20 1 1G

PROBE

END

kxkkKkE*HkEx ANalysis ends hererx k& x k& xk&xk*xk*

The schematic of this example for transient analysis is shown below.

PARAMETERS: VDD VDD VDD
i & &

Cc=06p
Cload="1p

ref = 90u M=mar L ma M5 L M={ms} M7 L M={M7}
W=1.250 | et] | w=125u N W=1.25u
M1=8 L=05u [ " L=06u i L=05u
M2=8 + +
M3=2
Ma=2 VBs
M5 =16
ME =4 Iref

M7 =16 fIref} C)
M8 = 16
ML M= M={zy iz

R=32K o w=125u W=1.25u
= L=06u L=1056u

SOUT

VCM =1.65 ?U
VDD =33

Vstep =10m
Gain=-10 VDD

{R} {Cc} - CL
AR A It {Cload}

1N

M + M={M&}
V1 = {1.65+{Vstepy2} Vpulse B A N [: W=125y
W2 = {1.65-{Vstepli2} . ] L=06u
TD=0 DDy == ’y
TR="1p T M={M3} & M3 M4 + M={Md}

TF=1p W=1.25u W=1.25u
PW=01u
PER=02u

L=10:6u L=0.6u
0

o
o
o
o

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

13
* k ok k ok k% "'7 N C je U-i t
C_CL 0 OUT
R R A N1 {R}
V_vcc VDD 0 {VDD}
M_M8 VG8 VG8 VDD VDD PMOSO0P5
+ L=0.6u
+ W=1.25u
+ AD=1.72E-12
+ AS=1.72E-12
+ PD=5.25e-6
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+ PS=5.25E-6

+ M={M8}
V_Vpulse IN O DC 1.65
+PULSE {1.65+{Vstep}/2} {1.65-{Vstep}/2} 0 1p 1p 0.1lu 0.2u
M_M6 OUT A 0 0 NMOSOPS
+ L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25E-6

PS=5.25E-6

M={M6}
_Iref VG8 0 DC {Iref}
_M2 A IN VD5 VD5 PMOSOP5
L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25e-6

PS=5.25E-6

M={M2}

M5 VD5 VG8 VDD VDD PMOSOP5
L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25e-6

PS=5.25E-6

M={M5}

M1 B OUT VD5 VD5 PMOSOP5S
L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25e-6

PS=5.25E-6

M={M1}
M4 A B 0 0 NMOSOP5
L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

BH A+ + + + +

24+ 4+ + + + + +|Z + + + + + + +

PD=5.25E-6
PS=5.25E-6
M={M4}
 Cc N1 OUT {Cc}
M3 B B 0 0 NMOSOP5
L=0.6u
W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25E-6

PS=5.25E-6

M={M3}
| M7 OUT VG8 VDD VDD PMOSOP5
L=0.6u

W=1.25u

AD=1.72E-12

AS=1.72E-12

PD=5.25e-6

PS=5.25E-6

M={M7}

.PARAM m8=16 vcm=1.65 iref=90u cc=0.6p vstep=10m m6=4 m7=16 m4=2 vdd=3.3 mb=16
+ m2=8 cload=1lp m3=2 ml=8 gain=-10 r=3.2k

B T T T T - e R O I T i i i e o S S S S
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FAKKKKK Main circult ends hereX*xxdddddddkhx

KxdkxAkxAkxAkxx*Model for NMOS in 0.5um CMOS Technology begins hereX**#x&kxkxdxkxkxk
* (created by Anas Hamoui & Olivier Trescases)
.model NMOSOP5 NMOS (Level=1 VTO=0.7 GAMMA=0.5 PHI=0.8

LD=0.08E-06 WD=0 UO=460 LAMBDA=0.1 TOX=9.5E-9 PB=0.9 CJ=0.57E-3

+
+ CJSW=120E-12 MJ=0.5 MJSW=0.4 CGDO=0.4E-9 JS=10E-9 CGBO=0.38E-9
+ CGS0=0.4E-9)

KA xxxFAkAEx*Model for NMOS in 0.5um CMOS Technology ends here***xxkkdkxxkkdkdxx

FrxxxkAxkxxx*Model for PMOS in 0.5um CMOS Technology begins here* ** k& & xkkokdkkxxkx

* (created by Anas Hamoui & Olivier Trescases)

.model PMOSOP5 PMOS (Level=1 VT0O=-0.8 GAMMA=0.45 PHI=0.8

+ LD=0.09E-06 WD=0 UO=115 LAMBDA=0.2 TOX=9.5E-9 PB=0.9 CJ=0.93E-3
+ CJSW=170E-12 MJ=0.5 MJSW=0.35 CGDO=0.35E-9 JS=5E-9 CGBO=0.38E-9
+ CGS0=0.35E-9)

n

FrxxxAkAkxxx*Model for PMOS in 0.5um CMOS Technology e S here**x*xxx&kxxkkrxk*hx

AAAAAAAA Anﬁ;\%LS iCOQLIﬂ,f:S h(jf(j********k*k**kkk
. TRAN 0.01nS 400nS

PROBE

END

AAAAAAAA Anﬁ;\C)LFS ’i;lf‘,d‘f:i herek*%%%***********
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Example S.14.1

The schematic of the op amp macro model for this example is shown below.

IN+

E1

+ %) >0uUT
IN- GAIN = 10E6

The schematic of the main circuit for this example is shown below.

PARAMETERS: This bleck is used to compare the actual filter response with the ideal transfer functicm.

RE1 = 10K
C41=243n i
R31 = 10K
R21 = 10K
R11 = 10K
RE1 = 14K
C61=243n
R52 = 10K
C42=1.6n
R32 = 10K
R22 = 10K
R12 = 10K
CB2=16n
RE2 = 55.6K
R13 = 10K
R23 = 10K
C13=55n

ABM_OUT

9.793E23
B 141°PWRS(s 5)+4 T92E5"PWRS(s 4)+5. 428E10"PWRS(s,3)+1.968E15"PWRS(s,2)+7.366E19"s+9 7O2E23

Example PS.17.1 |deal Opam

ME

[0ta]

'_4

'_
{R51} {C41}

{RE1} {CB1 a3

A21
Example PS.17.1 |deal Opam

Example PS.17.1 Ideal Opamp

Example PS.17 1 1deal Opam

112 M-
out N1

{REE}% {R12}  {R22} {R32} {CIAItQ} {R52}

a3z {082

L
T
R23} J: L
0~ 0~

Example PS 17.1 Ideal Opamp
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Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.
»»»»»»»» F\/('J o) =y h\: \ 4 . ‘ *kkhkhkkhhkkhkkhkk*kxkx*x
,,,,,,,,,,,,,, Main circuit begins here***x*xkxkxk*x**
R RS N8 N9 {R32}

ccs OUT N13 {C13}

R _R3 N3 N4 {R21}

V_Vin IN 0 DC 0Vdc AC 1lVac

R RI11 OUT N13 {R23}

R_R5 0 N5 {R61}

R_R7 N9 N10 {R22}

R R4 N4 N5 {R11}

R R6 N10 N11 {R12}

cc1 N1 N2 {C41}

cc3 N7 N8 {C42}

E_LAPLACEI ABM OUT 0 LAPLACE {V(IN)}
.

{(9.793E23) / (8.141*PWRS (s, 5)+4.792E5*PWRS (s, 4) +5.428E10*PWRS (s, 3) +1. 968E15*PWRS (s, 2) +7.366E19%*5+9
.792E23) }

R R1 IN N1 {R51}

c ca 0 N11 {C62}

R_R9 N6 N7 {R52}

R R2 N2 N3 {R31}

R _R10 0 N11 {R62}

R _R12 N13 N12 {R13}

c c2 0 N5 {C61}

X All N3 N1 N4 OPAMP_ MACRO

X7A31 N6 N5 N6 OPAMP MACRO

X7A21 N3 N5 N2 OPAMP_MACRO

X_Al2 N9 N7 N10 OPAMP MACRO

X_A32 N12 N11 N12 OPAMP MACRO

X A22 N9 N11 N8 OPAMP MACRO

X7A13 N13 0 OUT OPAMP MACRO

.PARAM c41=2.43n c42=1.6n r62=55.6k r23=10k r6l=14k r22=10k r21=10k r31=10k
+ 1r52=10k r32=10k c62=1.6n r51=10k rl12=10k c13=5.5n c61=2.43n rl13=10k rl1l1=10k

,,,,,,,,,,,, Main circuit ends here *** %%k %% *x
AR Opamp macro model begins here ***xxxxxxdddis
. SUBCKT OPAMP_MACRO IN- IN+ OUT
E E1 OUT 0 IN+ IN- 10E6

ENDS

Xk kK k Kk Op: smp macro model NAS here ** %% &k & & % *

* ok k k k ok ok ok \ 1 11\/ l :1:\;”—11\”{: }1;\;‘7‘@* I b I b I b b b b

.AC DEC 100 O 1 20K

PROBE

END

kxkkkx*x* Anglysis ends herex* *xxkkxxkkxkkk*x
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Example S.14.2

The schematic of the 741 op amp macro model for this example is shown below.

PARAMETERS: r L
-0
Cp=30p {2*Ricm}
IN-
Gm=0.19m N3 EP1 a2 {Ro}
. G Afify = OUT
Ricm = 500E6 l
Rid = 2E6 _ _
Ro =75 e GAIN = 0.19m Rp} cp GAIN = 1
Rp =1.323E0
{2*Ricm}
0 "0 0 0 0
0
The schematic of the main circuit for this example is shown below.
PARAMETERS: R
C1=159n
c2=15an {Rd}
Cc=0p A
R1=10K
R2 =10K {C1} iCc} {C2} {R4}
R3=10K Il I I W13 M14 MN15- |
R4 = 10K v 1 1 1T
Rd = 200K {Ra} ' AZ
Rg = 200K N a1t " R2 x
Vin ouT Ay IN-
Vac N+ ouT AAA——— I IN-
IN+ R3} ouTi—
Ovdc Example PS.17.2 741 Macrofnodel IN+
Example PS.17.2 741 Macromodel
— — — ——  Example PS.17.2 741 Macromaodel
0 0 OUT 0 0
{R1}
Ay
{Rd}
Ay
{1} {2 {R4}
i N22 0 N23 Nz M25 |
1T 1T
Ra Ad
N g, M2t " R2 15 N
ouT Ay IN- [
IN+ out A ——— M-
IN+ R3} ouTi—
Example PS.17.1 Ideal Opaihp I+
] Example PS.17.1 Ideal Opamp
= = —g Example PS.171 deal Opamp

ouTz
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Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

14 D *kkkhkkkkkkkkk*

k x E ~ircuit veg iNS here**x**x*xx*k*x*x*%

R R4 N14 N15 ({R4}

R R8 OUT2 N22 {R2}

V_Vin IN 0 DC Ovdc AC 1Vac

R R3 N13 N14 ({R3}

C_C5 OUT1 N12 {Cc}

R R12 IN N21 {Rg}

c C3 N21 OUT2 {C1l}

c_Cc2 N12 N13 {C2}

R_R9 N23 N24 {R3}

R R6 IN N11 {Rg}

R R2 OUT1 N12 {R2}

R RS N1l N15 ({R1}

R_R7 N21 OUT2 {Rd}

R R1 N1l OUT1 {Rd}

c C1 N1l OUT1 ({C1}

R R11 N21 N25 ({R1}

R R10 N24 N25 (R4}

C C4 N22 N23 {C2}

X Al 0 N11 OUT1 741 OPAMP MACRO

X A2 0 N12 N13 741 OPAMP MACRO

X_A3 0 N14 N15 741 OPAMP MACRO

X A4 0 N21 OUT2 IDEAL OPAMP MACRO

X_A5 0 N22 N23 IDEAL OPAMP MACRO

X A6 0 N24 N25 IDEAL OPAMP_ MACRO
.PARAM cc=0p cl=1.59n r4=10k c2=1.59n r3=10k r2=10k rl=10k rg=200k rd=200k
FAKAx*K Main circuit ends here *xxkdkdkxoakdkdkodx

* Kk Kk k ok k% A 1 /::‘Z'\' ,’ﬂ”}) macro TT\L,)(,je ‘ L\‘e{:]r-" ns 1ere khkkkhkhkkhhkkkkhk*kx
.SUBCKT 741 OPAMP_ MACRO IN+ IN- OUT

R R4 IN- O {2*Ricm}

R RS 0 IN+ {2*Ricm}

G_G1 N31 0 IN- IN+ 0.19m

R Rl N32 OUT {Ro}

R R2 0 N31 {Rp}

R R3 IN+ IN- {Rid}

c_Cc2 0 N31 ({Cp}

E_EP1 N32 0 N31 0 1

.PARAM ricm=500e6 gm=0.19m ro=75 rp=1.323e9 rid=2e6 cp=30p
.ENDS

x*xkx*x74] Opamp macro model ends here **x*xkkkkkkxkx
kAxxxxk Tdeal Opamp macro model begins here *xxkk&xxkkdkkxx
.SUBCKT IDEAL_ OPAMP_MACRO IN+ IN- OUT

E_E1 OUT 0 IN+ IN- 10E6

.ENDS

~al Opamp macro model er

Rk kkxxx Analysis begins here**##kkkkxx KRR
.AC DEC 1000 0.1 20K

. PROBE

.END

* Kk Kk ok Kk k kK lT :’;‘\‘L‘,‘il,‘/ %\T‘\:Jl/ v}e'weiﬂﬂt kkhkkhkkhkkkhkkkkhkx*k
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Example S.15.1

The schematic of this example is shown below.

0UT

D1

L1

™1

D1N4143
{R1a} {R1b} {2}
Ay Ay A

PARAMETERS: =5 02

]
C3=16n Ll
C4=16n D1N4143
Ri1a=18K
R1b = {50K-{R1a}} Vvee
R2 = 10K
R3 =10K 1

= IH=
R4 = 10K - ko
VCC=15 ou A
VEE =-15 e
- )
uAT41
VCC WEE VEE
i s
{C4} R4}

I _\_ It —

CCy = {WEE}

4

{R3}

i
ﬂk———— |
T8
e
|”——4mm——_4
o

=
=

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

........ }’\/\f\‘ s P “ ‘ 5. ‘ kkhkkkhkkhkkkhkkh*kxkx
,,,,,,,,,,,,,, Main circuil :lr,‘/r\krnj‘f;f? 11‘«;‘« Kk ok ok ok ok ok ok ok ok ok ok ok ok
X Ul IN+ IN- VCC VEE A uA741

R Rla 0 IN- {Rla}

V_vcCc VCC 0 {vCC}

R Rl1b IN- OUT {R1b}

R R2 OUT A {R2}

R R4 N1 A ({R4}

D_D2 OUT A DIN4148

R R3 0 IN+ ({R3}

c c4 N1 IN+ {C4} IC=0

Cc C3 0 IN+ {C3} IC=0

D_Dl A OUT DIN4148

V VEE VEE 0 {VEE}

.PARAM rla=18k vee=-15 r4=10k r3=10k c3=16n r2=10k vcc=15 rlb={50k-{rla}}

Main circuit ends here **x*x%x%xx Kk ok

* K K K *x %% Mode of uA741 begins here

* connections: non-inverting input

© Oxford University Press, 2020



Sedra/Smith, Microelectronic Circuits, Eighth Edition, Spice solution

* | inverting input

* | | positive power supply

* | | |  negative power supply
* Il 1 | | output

* [

.subckt uA741 12345

*

cl 11 12 8.661E-12

c2 6 7 30.00E-12

dc 5 53 dx

de 54 5 dx

dlp 90 91 dx

dln 92 90 dx

dp 4 3 dx

egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5

fb 7 99 poly(5) vb vc ve vlp vin 0 10.61E6 -10E6 10E6 10E6 -10E6
ga 6 0 11 12 188.5E-6

gcm 0 6 10 99 5.961E-9

iee 10 4 dc 15.16E-6

hlim 90 0 vlim 1K

gl 11 2 13 gx

a2 12 1 14 gx

r2 6 9 100.0E3
rcl 3 11 5.305E3
rc2 3 12 5.305E3
rel 13 10 1.836E3
re2 14 10 1.836E3
ree 10 99 13.19E6
rol 8 5 50

ro2 7 99 100
rp 3 4 18.16E3
vb 9 0dc O
vc 3 53 dc 1
ve 54 4 dc 1
vliim 7 8 dc O

vlip 91 0 dc 40
vin 0 92 dc 40
.model dx D(Is=800.0E-18 Rs=1)

.model gx NPN(Is=800.0E-18 Bf=93.75)
.ends

Nk Ak A KK A KA KK kK KKK

AAAAAAAA Model of 1N4148 Diode € here* & x &kt dkdokkdox ook
.model DIN4148 D(Is=2.682n N=1.836 Rs=.5664 Ikf=44.17m Xti=3 Eg 1 11 Cjo 4p
+ M=.3333 Vj—.5 Fc=.5 Isr=1.565n Nr=2 Bv=100 Ibv=100u Tt=11.54n)

1N4148 Diode (from EVAL 1lib - in PS NETE* X * % XXk K Kk k ok ok ok Kk *

)k Kk Kk Kk k K An »'1;',7’— is :179(}'1115 here* **k %k %k kkkkkk**

.TRAN 0.001mS 20mS
.PROBE
.END

kxxkx*x Analysis ends hereX* %k kxkkxkkxkkx
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The schematic of this example is shown below.

PARAMETERS:

18n
18n

s ]

89

R1 =50K
R2 =10K
R3=10K
R4 =10K
RS =10K
RE = 10K

VCC =15

VEE=-15

3
Efj

VCC ——

L]

Netlist:

VEE

vER) =

=

2]

VEE

Re}

PN

D1M4148

%

Ayl 1
Dz

D1M4148

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

Dle S 15.2 **x*xXxXxXXK KKk Kk kk

ircult begins herex**x*x*x*x**x***

N1 N3 VCC VEE 1 uA741
N3 N2 {C2} IC=0
N3 1 {R3}
1 N4 {R4}
VEE 0 {VEE}
N4 N3 VCC VEE N2 uA741
0 N1 {Cl} IC=0
vce 0 {vce}
2 1 ({R6}
0 N4 {R5}
2 0 DIN4148
N1 N2 {R2}
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2 N1 {R1}
0 2 DIN4148

.PARAM vee=-15 r6=10k r5=10k cl=16n r4=10k r3=10k c2=16n vcc=1l5 r2=10k rl1=50k

Main circuit ends here **x*Hxkdxkdxiix

* %% ok ok ok X %

.subc
*

cl
c2
dc
de
dlp
dln
dp
egnd
fb

ve
vlim
vlp
vln

* *

* k kK ok Kk ok

kt

11
6
5

54

90

92

99

10
90

10

5

~N s W o wd

91
0

Model of uA741 begins here*x*xkxkxkkukkkkxx

I
I
I
I
I
uA741 1

12
7
53
5

92

connections: non-inverting input

inverting input
| positive power supply
| | negative power supply
[ | output
[
2 345

8.661E-12
30.00E-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlp vln 0 10.61E6 -10E6 10E6 10E6 -10E6
11 12 188.5E-6
10 99 5.961E-9
dc 15.16E-6
vlim 1K

13 gx

14 gx

100.0E3
5.305E3
5.305E3
1.836E3
1.836E3
13.19E6

50

100

18.16E3

dc 0

dc 1

de 1

dc 0O

dc 40

dc 40

.model dx D(Is=800.0E-18 Rs=1)
.model gx NPN(Is=800.0E-18 Bf=93.75)

.ends

Model of UAT741l ends here***xxxxx k% %%k k**

el of 1N4148 Diode (from EVAL librar in PSp

e) begins here* * %% xkkk k% & kk***

.model DIN4148 D(Is=2.682n N=1.836 Rs=.5664 Ikf=44.17m Xti=3 Eg=1.11 Cjo=4p

X*x*x*x*x*x** Anglysis

Model of 1N4148 Diode (from EVAL library in PSpice)

M=.3333 Vj=.5 Fc=.5 Isr=1.565n Nr=2 Bv=100 Ibv=100u Tt=11.54n)

here* * %k k% %k k% x k% % % *

gins here* **xkkkkkkkkkxk*

.TRAN 0.001mS 50mS

. PROB
.END

Kok Kk kK oKk K

E

Analysis ends here***kxkkkkxxxxxx%x
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Example S.16.1

The schematic of this example is shown below.

VDD
PARAMETERS: iy
CL=0.5p
MM =1
MP = 1
+ M={MP}
VDD =3.3 W=1.25u
L=0.5u
PMOSOPS
i | ouT
VDD
& Vi=0
V2 ={vDD} L M= {MN}
TD=2n - W=1.25u = {CL}
Part Reference = Vsupply TR="1p L=05u
. TF=1p +
—— DC={VDD} PW = 6n NMOSOPS
T PER =12n
TFb f?b TFb f:b

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

TCULL beging here* * % k& k% k& %k % % %

V_Vin IN O

+PULSE 0 {VDD} 2n 1lp 1lp 6n 12n

M M1 OUT IN VDD VDD PMOSOPS
+ L=0.5u

+ W=1.25u

+ AD=1.72E-12

+ AS=1.72E-12

+ PD=5.25e-6

+ PS=5.25E-6

+ M={MP}

Cc Clo0 0 OUT {CL}

M7M2 OUT IN O 0 NMOSOPS
+ L=0.5u
+ W=1.25u

+ AD=1.72E-12
+ AS=1.72E-12
+ PD=5.25E-6
+ PS=5.25E-6
+ M={MN}
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V_Vsupply VDD 0 {VDD}
.PARAM ¢1=0.5p vdd=3.3 mp=1 mn=1
AxAkxAkxk Main circuilt ends hereX***&x&kxkxkxdx
KAk xxxFAkAEAModel for NMOS in 0.5um CMOS Technology begins here***xxkkdtxxkkdkdxx
*

(created by Anas Hamoui & Olivier Trescases)
.model NMOSOP5 NMOS (Level=1 VTO=0.7 GAMMA=0.5 PHI=0.8

+ LD=0.08E-06 WD=0 UO=460 LAMBDA=0.1l TOX=9.5E-9 PB=0.9 CJ=0.57E-3
+ CJSW=120E-12 MJ=0.5 MJSW=0.4 CGDO=0.4E-9 JS=10E-9 CGBO=0.38E-9
+ CGS0=0.4E-9)

FrxxxkAxxxx*Model for NMOS in 0.5um CMOS Technology ends here* *x k& & xkkkkkkxkx

kEkkkkkkkkk*k* Model for PMOS in
*

0.5um CMOS Technology begins here**xx k&t xxkdkdkxxx
(created by Anas Hamoui & Olivier Trescases)
.model PMOSOP5 PMOS (Level=1 VTO=-0.8 GAMMA=0.45 PHI=0.8

+ LD=0.09E-06 WD=0 UO=115 LAMBDA=0.2 TOX=9.5E-9 PB=0.9 CJ=0.93E-3
+ CJSw=170E-12 MJ=0.5 MJSW=0.35 CGDO=0.35E-9 JS=5E-9 CGBO=0.38E-9
+ CGS0=0.35E-9)

AAAAAAAA * Kk k% Q

el for PMOS in 0.5um CMOS Technology ends here*****xxkkxxxxxxxx
* ok ok ok k ok ok k .;\TW&] ij'ifj CEC"iT‘fj },\er-eAAAAA**AAAAAAAAA

.DC [LIN] V_Vin 0 3.3 10m

*.TRAN 0.01lnS 14nS

.PROBE

.END

*Xkkkkk*k*k Analysis ends here****xkkkkkkkkkk**
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