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Microelectronics Circuits Spice solutions

Problem: 10.33

1. The schematic with the feedback loop opened at the gate of Q. is shown below.
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2. Run the netlist and perform operating point analysis. The node voltages are given below.

HODE VOLTAGE HODE VOLTAGE HODE  VOLTAGE HODE VOLTAGE
[ VO -.1639 ( WD1) J5129 0 VD4 L2895 (0 VDD 1.0000
[ V55) -1.0000 o Ws12) —. 4128 [ VSIG) o.oooa

3. The currents, overdrive voltage (VDSAT), gm , and r, (1/g4s) of the transistors are tabulated by the
operating point analysis below.

HAME M1 M2 M3 M4 M5
MODEL NMOSOP1%  NMOSOP1%  PMOSOP1S  FMOSOP1S  NMOSOP1S
1D 9. 48E-05 1.05E-04 -9 48E-05 —3.00E-04 1.00E-04
YGS 4.13E-01 4.13E-01 -4 87E-01 -4 87E-01 4 S3E-01
VDS 9. 25E-01 1.41E+00 -4 §7E-01 -7.11E-01 1.16E+00
YES 4.13E-01 4.13E-01 0. 00E+00 0. 00E+00 1.64E-01
YTH 2. G2E-01 2.82E-01 -3 .50E-01 -3.50E-01 3.23E-01
YDSAT 1.30E-01 1.30E-01 -1.37E-01 -1.37E-01 1.30E-01
GH 1. 46E-03 1.62E-03 1.38E-03 4. 3BE-03 1.54E-03
GDS 2.11E-05 2.11E-05 2. 34E-05 7. 01E-05 2. 11E-05

4. Plot V(VSIG) and V(VO) as shown below and find the gain.
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BmU
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5. The gainis-28.7 V/V. This confirms that the feedback is negative.
6. The value of R, can be calculated from gms and ggss. It IS 1/gms||1/guss=640 Q.
7. The schematic for part (e) of this problem is shown below
VDD VoD
A A
| vop |
e — L= 0.36u +:]| [T L=036
T W= 32 ¢ ’ W =%
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[:———————4- /D4 N W= 8
=0 7 vss ) |[:,. =03y
= 5 12
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D1 14
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. LT oF Ak a1 lmz |
— 4’—{ [-:_ I‘_u=_ll3u'5u L=‘E.5>6uu [ ¢ Vo B
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200uAde ves
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8. Perform a transient analysis and plot V(VO) and V(VSIG) to find the gain. Note that in this case
14 has zero current amplitude.

18mU

ay

—18mY

18mU

ay

—18mY

SEL>>
-28my

Time

9. The gainis 0.96 V/V.

10. To calculate the output impedance, make the AC amplitude of 14 1Aac and run an AC simulation.
Plot V(VO)/1(14), as shown below

28.66058600

28.66058580

28.66058560

28.66058540

1.8Hz

o uguo)/s I1(14)

Frequency

180KHz
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11. The output impedance is 20.66 Q

Microelectronics Circuits Spice solutions

12. The schematic for part (f) of this problem is shown below
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13. Perform the tran5|ent analy5|s and plot V(VO) and V(VSIG) and flnd out the new galn

58mU

—-8mY

-58myY

d. 4ms

0 U{UD) & U(USIG)

d.8ms

1.2ms

Time

1.6ms

2.8ns
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14. The gain is 5.13 V/V.

15. To calculate the output impedance, run the AC simulation and plot V(VO)/1(14)

188 5785

10885780

188 5775

188.57780

1085765 : : : : :
1.0Hz 10Hz 100Hz 1.8KHz 10KHz 108KHz
0 UUo) /I(14)

Frequency

16. The output impedance is 108.57 Q.
Netlist:

For part (b) and (c), copy the netlist given below and paste it into a text file and save it with *.cir
extension.

V_DD VDD 0 1vdc

I3 VO VSS DC 100uAdc

I2 VD4 VSS DC 300uAdc

T1 VS1l2 VSS DC 200uAdc

V_Ss 0 VSS 1lvdc

M1 VDl 0 VS12 0 NMOSOP18

+ L=0.36u

+ W=8u

+ M=1

M2 VDD VSIG VS12 0 NMOSOP18
+ L=0.36u

+ W=8u

+ M=1

M3 VD1l VD1 VDD VDD PMOSOP18
+ L=0.36u

+ W=32u

+ M=1

M4 VD4 VD1 VDD VDD PMOSOP18
+ L=0.36u

+ W=96u

+ M=1

M5 VDD VD4 VO 0 NMOSOP18

+ L=0.36u
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+ W=8u

+ M=1

V2 VSIG 0 AC 10m

+SIN 0 10m 1k 0 O O

FAFKKFX Main circult ends here**##Hkkkkkrrrxx

xxxxxxxxxxxxxxxxx PMOS model begins here k%% %k ko k% % &k ko k % %k kKK & % % %k %
* Level-1 Model for PMOS in model 0.18um CMOS Technology
.model PMOSOP18 PMOS (Level=1 VTO=-0.35 GAMMA=0.3 PHI=0.8

+ LD=0 WD=0 UO=118 LAMBDA=0.28 TOX=4.08E-9 PB=0.9)
************* PMOS model ends here XX x &k kkkokokdkkkkok ok ok k& ok kkdokodokokokokokok x ok x x kokokokokok
KA A XA KA AR AR K AX NMOS model begins here *#xkaxkdkdkdrkdkdkdxkdxkdxkdxktx
* Level-1 Model for NMOS in model 0.18um CMOS Technology
.model NMOSOP18 NMOS (Level=1 VTO=0.35 GAMMA=0.3 PHI=0.84

+ LD=0 WD=0 UO=473 LAMBDA=0.28 TOX=4.08E-9 PB=0.9)

FHAFA KA KK AR KA XK AR NMOS model ends here Fx & x ko dok ook ook o koo koo koo koo koo ook ook ok
****** Analysis begins here* ***xxkkkdkxxkx

.OP

.TRAN 0.01mS 2mS

. PROBE

.END

FAxxxkkA Analysis ends here* & xxkkdkdkxkkkk

For part (e), copy the netlist given below and paste it into a text file and save it with *.cir extension.

FrxxxxxAProblem: P11 37 (e) **xxxkxokxokxokxokx
xxFxxAkAkx Main circuit begins here**xxxkkddxxxkx
V_DD VDD 0 1vdc

I3 VO VSS DC 100uAdc

I2 VD4 VSS DC 300uAdc

Il VS12 VSS DC 200uAdc

V_SS 0 VSS 1vdc

M1 VD1l VSIG VS12 0 NMOSOP18
+ L=0.36u

+ W=8u

+ M=1

M2 VDD VO VS12 0 NMOSOP18

+ L=0.36u

+ W=8u

+ M=1

M3 VD1l VD1 VDD VDD PMOSOP18
+ L=0.36u

+ W=32u

+ M=1

M4 VD4 VD1 VDD VDD PMOSOP18
+ L=0.36u

+ W=96u

+ M=1

M5 VDD VD4 VO 0 NMOSOP18

+ L=0.36u

+ W=8u

+ M=1

V1 VSIG 0 AC O

+SIN 0 10m 1k 0 0 O

I4 VO 0 DC 0OAdc AC lAac
+SIN 0 0 1k 0 0 O

*rokxkxk Main circuit ends here**xxxkxokxokxooxkx

kkkkkkkkkkkkkxk*x* PMOS model begins here **xkxkkkkhkhkhkhkhkhkkhkkhkkkkkhx*

* Level-1 Model for PMOS in model 0.18um CMOS Technology
.model PMOSOP18 PMOS (Level=1 VTO=-0.35 GAMMA=0.3 PHI=0.8
+ LD=0 WD=0 UO=118 LAMBDA=0.28 TOX=4.08E-9 PB=0.9)

kkkkkkkkkkkkkkkx*x PMOS model ends here ***xkkkkkkhkhhhhhhhhhhhkhkhkhkhkhkhkhkhkkx
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KKK X X KA KK xR XA K xx NMOS model begins here *x % &%k kx &k kkkk & &k ok ok ok x k& Kk kkk x %

* Level-1 Model for NMOS in model 0.18um CMOS Technology
.model NMOSO0P18 NMOS (Level=1 VTO=0.35 GAMMA=0.3 PHI=0.84
+ LD=0 WD=0 UO=473 LAMBDA=0.28 TOX=4.08E-9 PB=0.9)

ER R R R I I NMOS model ends here ER R R R R I I I E b b h I S E E E h b b b E h b b b b i b i

****** Analysis begins here* ** & xxkkkdkxxkkx
.OP

.TRAN 0.01lmS 2mS

*.AC DEC 20 1 100K

.PROBE

.END

Frxxxkkk Analysis ends here***xxxxkkokdkxxkkok
For part (f), copy the netlist given below and paste it into a text file and save it with *.cir extension.
*rkxkkxxk*xProplem: P11 37 (f) *Fx*xxxkkkkkkkkkkk
*xxxxx*x Main circuit begins here**x*xxkxxkxxx
V_DD VDD 0 1vdc

13 VO VSS DC 100uadc

12 VD4 VSS DC 300uadc

I1 VS12 VSS DC 200uAdc

V_SS 0 VSS 1vdc

M1 VD1l VSIG VS12 0 NMOSOP18

+ L=0.36u

+ W=8u

+ M=1

M2 VDD VG2 VS12 0 NMOSOP18

+ L=0.36u

+ W=8u

+ M=1

M3 VvD1l VD1 VDD VDD PMOSOP18

+ L=0.36u

+ W=32u

+ M=1

M4 VvD4 VD1 VDD VDD PMOSOP18

+ L=0.36u

+ W=96u

+ M=1

M5 VDD VD4 VO 0 NMOSOP18

+ L=0.36u

+ W=8u

+ M=1

V1 VSIG 0 AC 0

+SIN 0 10m 1k 0 0 0

14 VO 0 DC 0Adc AC OAac

+SIN 0 0 1k 0 0 0

R1 0 VG2 1MEG TC=0,0

R2 VO VG2 5.39MEG TC=0,0

kkxkkkKk* Main CLrcUit ends herex * k% &%k kkk***

“““““““““““““““““ PMOS model begins here * % xxkkkdkxhkdoddok ko kkodokodok xokokokokokox

* Level-1 Model for PMOS in model 0.18um CMOS Technology

.model PMOSOP18 PMOS (Level=1 VTO=-0.35 GAMMA=0.3 PHI=0.8

+ LD=0 WD=0 UO=118 LAMBDA=0.28 TOX=4.08E-9 PB=0.9)
“““““““““““““““““ PMOS model ends here XX xxkkkkokokkkkkkkkxkkkkkdkkodkokkkkdkxxxxkhkkx

kkokkokkkkkkkkkkkx*k NMOS model beqins here * &k %k kkkkkkkkokkokkokkokkokkokkok &k k*

* Level-1 Model for NMOS in model 0.18um CMOS Technology
.model NMOS0P18 NMOS (Level=1 VTO=0.35 GAMMA=0.3 PHI=0.84
+ LD=0 WD=0 UO=473 LAMBDA=0.28 TOX=4.08E-9 PB=0.9)

Kkkkkkkkkkkxrxkkxx NMOS model ends here **Fxxkkkkhkkkhhkrhhkrhhkrhhkxhkkxhkkxhkkxx

FAxxxkAk Analysis begins here® *xxkkddxxxkddsx
.OP

.TRAN 0.01mS 2mS

*.AC DEC 20 1 100K

.PROBE

.END

*Kkxkkxkk ANglysis ends here* x k& xkkxkkxkkx*
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Problem: 10.51

1. The schematic for this problem is shown below.

VDD VDD ouT
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— } V2
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R N W=1050
‘% VD1 g L L=05u
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R2 TR T M=1 | m2
VIN VG1 | W=14u W=14u [, vez .
L s b
Y £ R1
Vs 10k
VAMPL = 10m —
FREQ = 1k V812 =0
AC = 1Vac 12
J—_ @ 0.8mAdc
=0 11
0.2mAdc
I Vs
ves

2. For part (a), run the netlist and perform operating point analysis and find out the node voltages

and currents.

NODE  VOLTAGE NODE  VOLTAGE NODE  VOLTAGE NODE  VOLTAGE

{  OuT) 1.2000  ¥D1) 5945 { ¥D2) 6072 [ VDD) 12000

{ VG1) 0.0000 ¢ WG2)-122 1E-06 ( VIN) 0.0000  VES)  —1.2000

{ ¥512) - 6008

HAME M1 M2 M3 H4 M5

HODEL HHOSOPS HHOSOPS PHOSOPS PHOSOPS HMOSOPS
1D 1.00E-04 1.00E-04 -1 00DE-04 -1 OOE-04 8.00E-04
VizS & 01E-01 6.01E-01 —& . 0GE-01  —&. 0&E-01 &.07E-01
VD5 1. 20E+00 1.21E+00 -6 . 06E-01 -5 93E-01 1. 20E+00
YES 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
VTH 4 00E-01 4. 00E-01 -4 00E-01 -4 00E-01 4 00E-01
YDSAT 2 01E-01 2. 01E-01 -2 0&E-01 -2 O&E-01 2 . 07E-01

3. For part (c), perform AC analysis and plot I(VOUT)/V(VIN) as shown below.
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168u
128u
L e iee——— ] ——————————————————— | —————————————————— || n i ] (e ————————————— =
88u
40u
1.8Hz 18Hz 1008Hz 1.8KHz 10KHz 106KHz
o I(UOUT)/ U(UIN)
Frequency
So, Asis 99 pA/V.

For part (d) to calculate the Rout, make the AC amplitude of VS zero and that of VOUT 1Vac as
shown below.

A\

VOouT

VIN

ouT O

0 AC 0Ovac

AC 1Vac

Perform an AC analysis and plot V(OUT) /I(VOUT) as shown below.

214 .5H

214 _8H

213.5H
1.08Hz

,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,

O U(OUT) /I(UOUT)

18Hz

7. So, Routis 214.4 MQ.

188Hz

Frequency

1.8KHz

18KHz

108B8KHz
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8. The schematic for part () is shown below

VDD
W4
1ovde —
L=0.5u
W =55y
M=1
1.2vde ?
ves
RZ i1
M VG
Ay H
‘ 10k
va
VAMPL = 10m
FREQ = 1k
AC =1Vac

9. Run the netlist and p

Microelectronics Circuits Spice solutions

VEELD
mRE
12vde  —
T T L=05u :L:
:]|~ r|[: W = 55U -0
4+ ma ma ok m=1
VD2 Ms Ll mM=1
; W=105u
VD1 " L =0.5u
1 om= m=1 L M2z
W= 140 W=14u L, ve2
L=0.5u L=05u [t
B R1 ouT
10k
. vgi2 =5 A2 =9
12
" C\D 0.8mAdc
0.2mAdc

vsb

lot the DB(V(OUT)/ V(VIN)) in dB.

vés

-116.62628n : .
-110.62622n
-118.62624n

-118.62626m ; ; ;
b O e | OO e
-118.62628m
1.08Hz 18Hz 188Hz 1.8KHz 18KHz 188KH=z
o DB{U{OUTY/ U{UIM})
Frequency

10. The gain is 0.98 V/V
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11. Now make the AC amplitude of VS zero and the AC amplitude of 13 as 1. Then run the AC

simulation again and plot V(OUT)/I(13) as shown below

1.087652

1.087650

1.087648

1.087646

____________________

_____________________

____________________

_____________________
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1.07644
1.8Hz 18Hz
o uouT)/ I(I3)

Frequency
12. The output impedance is 1.07 Q.
Netlist:

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

lem: P11 5

laln 1T ‘lit pegins :l;;;
M1 VD1l VGl VS12 VS12 NMOSOP5
+ L=0.5u
+ W=14u
+ M=1
M2 VD2 VG2 VS12 VS12 NMOSOP5
+ L=0.5u
+ W=14u
+ M=1
M3 VD1 VD1 VDD VDD PMOSOP5
+ L=0.5u
+ W=55u
+ M=1
M4 VD2 VD1 VDD VDD PMOSOP5
+ L=0.5u
+ W=55u
+ M=1
T1 VS1l2 VSS DC 0.2mAdc
M5 OUT VD2 VG2 VG2 NMOSOP5
+ L=0.5u
+ W=105u
+ M=1
I2 VG2 VSS DC 0.8mAdc
V1 VDD 0 1.2vVdc
V2 0 VSS 1.2vdc
VS VIN 0 AC 1lVac
+SIN 0 10m 1k 0 0 O
R1 0 VG2 10k TC=0,0
R2 VGl VIN 10k TC=0,0
vOouT OoUT 0 AC OvVac

+SIN 1.2 0 1k 0 0 O
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KAK KKK KKK KKK Axxxx PMOS model Degins Rere *xxddkkkkkkkkokok koo ko kx

.model PMOSOP5 PMOS (Level=1l VTO=-0.4 GAMMA=0.05 PHI=0.8
+ LD=0 WD=0 UO=115 LAMBDA=0.05 TOX=9.5E-9 PB=0.9)

ER R R R I I PMOS model ends here ER R R R R I I I E b b h I S E E E h b b b E h b b b b i b i

RR Rk kb b b b b ik b ik b i NMOS model begins here KAKXKA AKX KA AKX AR AKX A KA A XA XA AKX AKX XA XA XA KKK

.model NMOSOP5 NMOS (Level=1 VTO=0.4 GAMMA=0.05 PHI=0.8

+ LD=0 WD=0 UO=460 LAMBDA=0.05 TOX=9.5E-9 PB=0.9)

KA KA KK AR KA R AR K NMOS model ends here * &k kodod ok koo ook e s oo ok e sk ook ok e sk e ok ok ok ok
****** Analysis begins here* ** & xxkkkdkxxkkx

.OP

.AC DEC 20 1 100K

. PROBE

.END

xrxxkAkxx Analysis ends here**xxkkdkdxxxkkksx

Copy the netlist given below for part (e) and paste it into a text file and save it with *.cir extension.

*kkkxxx*kProblem: P11 58 (@) ***kkkkkkkkkkxx

here***xx**xkk**x*k**

AxkxxkKk*k Main circuit begins

M1 VD1l VGl VS12 0 NMOSOP5

+ L=0.5u

+ W=14u

+ M=1

M2 VD2 OUT VS12 0 NMOSOP5

+ L=0.5u

+ W=14u

+ M=1

M3 VD1l VD1 VDD VDD PMOSOPS5

+ L=0.5u

+ W=55u

+ M=1

M4 VD2 VD1 VDD VDD PMOSOPS

+ L=0.5u

+ W=55u

+ M=1

Il VS12 VSS DC 0.2mAdc

M5 N16841 VD2 OUT 0 NMOSOP5

+ L=0.5u

+ W=105u

+ M=1

I2 OUT VSS DC 0.8mAdc

V1 VDD 0 1.2Vdc

V2 0 VSS 1.2vdc

VS VIN 0 AC 1lvac

+SIN 0 10m 1k 0 0 O

R1 0 ouT 10k TC=0,0

R2 VGl VIN 10k TC=0,0

V3 N16841 0 1.2vVdc

I3 OUT 0 DC OAdc AC O

+SIN 0 01 0 0O

Frxxxxx Main circuit ends here***xxxxxxxtdddx
FARK KKK A A KK KKK AAX PMOS model begins here *F & & xokdkdkdod ok koo dok ok ok koo dok ok okok ok
.model PMOSOP5 PMOS (Level=1 VTO=-0.4 GAMMA=0.05 PHI=0.8
+ LD=0 WD=0 UO=115 LAMBDA=0.05 TOX=9.5E-9 PB=0.9)

R R R R R R R R R PMOS model ends here R R R R R R R R R R R R R

RR R Rk kb b b ik kb i NMOS model begins here Rk h h h b b b b b b b b b b b b b b b b b b b b i

.model NMOSOP5 NMOS (Level=1 VTO=0.4 GAMMA=0.05 PHI=0.8

+ LD=0 WD=0 UO=460 LAMBDA=0.05 TOX=9.5E-9 PB=0.9)

AAAAAAAAAAAAAAAAA D“A(]S Incd::l Ciildr? Zlafa Ak khkhkhkhkhkhkhkkhkhhkhhkhkhkkhhhhhkhkhkhkhkkhhhkhhhhhhhkhhxkhxkx
FAxxxkkk Analysis begins here® *xxkkddxxxkdkdsx

.AC DEC 20 1 100K

.PROBE

.END
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Problem: 10.75

1. The schematic for this problem is shown below

vee vee vee
A
11 § RL
200uAdc ()
500
| vee v i
15vde  — o2
) Qic
QECL
Q1
QECL Q2E
=) e
-0
RS RF
\ .
lxsus m N1 m
VOFF =0 vs e
VAMPL = 50m
FREQ = 1k 140
AC =50m
L L
] -0
2. The node voltages are
HODE  VOLTAGE WODE ~ VOLTAGE HODE — VOLTAGE WODE  VOLTAGE
{ H1} Le00E Lje)] 10. e840  Q1C) 1.9391  Q2E) 1.2162

[ VCC) 15 . 0000 VSIG) 0.ooo00

3. The operating conditions of the transistors are

HAME Q1 Q2

MODEL QECL QECL

IEB 1.51E-06 1.17E-04
IC a.27E-05 g.63E-03
VEE 6.01E-01 7.23E-01
VEBC -1.34E+00 -8 . 75E+00
VCE 1.94E+00 9. 47E+00
BETADC E.49E+01 7. 36E+01
GH 3.19E-03 3.02E-01

4. Run the transient simulation and plot V(VO) and V(VSIG) to get the gain
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5omU

au

=-56my

11.88U

18.750

SEL>>
18.580

s 8._4ns 8.8ms 1.2ms 1.6ms 2 .8ns

Time
5. The gainis 3.3 V/V.

6. Plot V(N1)/I(RS) to calculate the input resistance.

323.0

322.5

322.8 . : * 1 *
1.8Hz 16Hz 1868Hz 1.8KHz 18KHz 1868KHz
0 W(H1)/ I(RS)

Freauencu

7. The input resistance is 322 Q.
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Netlist:

For part (b) and (c), copy the netlist given below and paste it into a text file and save it with *.cir
extension.

****** Problem: P11

xxxkkxkx Main circuit begins here**xxxkkdxxxikx

RS VSIG N1 10k

RF N1 Q2E 10k

RE 0 Q2E 140

I1 VCC Q1C DC 200uAdc

RL VO vCC 500

V_CC VCC 0 15vdc

Q1 Q1C N1 0 QECL

Q2 VO Q1C Q2E QECL

VS VSIG 0 AC 50m

+SIN 0 50m 1k 0 0 O

****** Main circuit ends here****x&x&rxhxihx*

““““““““““““ Model for ECL BJT begins here xx ko kkxkkdkokdok xkdkodododok xokokokokokoxoxox
.model QECL NPN (Is=6.734f Xti=3 Eg=1.11 Vaf=100 Bf=100 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=0.70 Fc=.5 Cje=4.493p Mje=.2593 Vje=0.70
+ Tr=239.5n Tf=301.2p Itf=.4 Vtf=4 Xtf=2 Rb=10)

““““““““““““ Model for ECL BJT begins here xx ko kkxkkdkokdok xokdkodododok xokokokokokoxoxox
AAxxxxkAA Analysis begins here® *xxkkddxxkkkktx

.OP

.TRAN 0.01mS 2mS
*.AC DEC 20 1 100K
. PROBE

.END
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