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Homework Assignment No. 9 Solutions

Problem 1 — (10 points)
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Problem 2 — (10 points)
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Problem 3 — (10 points)
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Problem 4 — (10 points)
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Problem 5 — (10 points)
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Problem 6 — (10 points)
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Problem 7 — (10 points)
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VARIABLE GAIN CMOS AMP

vbD 105V

M1 3 400 NMOS W=20U L=1U

M2 221 1 PMOS W=20U L=1U

R120 10K

M33211PMOS W-20U L.1U

MS 5211 PMOS W=20U L=1U

M& & 300 NMOS W=20U L=1U

M4 5 6 3 0 NMOS W=5U L=2U

vCeoav

Vid4o1.s27v

.DC VI 147 1.60.005

.PLOT DC V(5)

TJEVE VI

NODESET V(2)=3.17V V{3)}=1.53V V(5)=1.53V
MODEL NMOS NMOS KP=60U VT0=0.8 GAMMA=0.5
-MCDEL PMOS PMOS KP=30U YTO=-0.8 GAMMA=0.5
OPTIONS NOPAGE NOMOD

WIDTH OUT=80

.oP

JEND
o™ DC TRANSFER CURVES

Vi

1.470D+00 1.065D4+00 *

1.4750400 1.002D400 *

1.4800+00 1.119D+00 . *

1.485D400 1.149D.400 . *

1.490D+00 11800400 . *

1.496D+00 12130400 *

1.500D400 12480400 . *

1.5050+00 1.2870+00. *

1.5100+00 13290400 *

1.5150+00 13760400 *

1.5200:00 1.430D.00 . *

1.525D+00 1.4950+00. °

1530D+00 1.560D+00. < .

15350400 1.707D400.  * . .
1,5400+00 4.292D400 . : : L.
1.5450400 4.463D400 . . . L.
1.5500+00 4.563D+00 . : § i
1.5550+00 4.6320400 .

1.5600+00 4.6830400 .

1.565D4+00 4.722D+00 .

1.570D400 4.753D400 .

1.575D+00 4.777D+00 .

1.580D400 4.796D+00 .

1.5850+00 48110400 .

1.590D+00 4.8220400 .

1.5950+00 4.830D400 .

1.6000+00 4.836D+00 .

. ®

[T SN Y

0"***  SMALL SIGNAL BIAS SOLUTION

NODE VOLTAGE

(1) 50000 (2) 31718 (3) 15271 (4} 15270
(5} 15259 (&) 3.0000

0" MOSFETS
0 M1 M2 M3 Ms M& M4
OMODEL NMOS PMOS PMOS PMOS NMOS  NMOS
D 3.17E-04 -3.17E-04 -3.17E-04 -3.17E-04 3.17E-04 -5 96F-08
VGs 1527 -1828 -1828 -1828 1527 1473
VDS 1527 1828 3473 3474 1526 -0.001
ves 0000 0000 0000 0000 0O -1.527
VTH 0.800 -0.800 -0800 0800 0800 1142
VDSAT 0727 -1028 -1.028 -1028 0727 0332
GM 8.72E-04 6.17E-04 6.17E-04 6.17E-04 8.73E-04 1.80E-07
GDS  0.00E+0 0.00E+0 0.00E+0 0.00E+0 O0.00E+0 4.37E-05
GMB  282E-04 1.99E-04 1.99E-04 199E-04 2 BIE-04 3.08E-08

0" SMALL-SIGNAL CHARAGTERISTICS

0 Vs ~ 1549001

0 INPUT RESISTANCE AT VI = 1.000D+20

0 OUTPUT RESISTANCE AT V(5) = 1.141D+03



8.24-Gantd

VARIABLE GAIN CMOS AMP

VDD 105V

M1 3400 NMOS We20U Luil

M2 2211 PMOS W=20U L=1U

R120 10K

M3 3211 PMOSW=20U L=1U

M5 521 1 PMOS W.20U L-1U

M6 5 30 0 NMOS W=20U L=1U

M4 56 3 0 NMOS W=5U L=2U

VG 604V

Vid0 1527V

DC VI 1,01.8005

PLOT DG V(5)

TEV(E VI

NODESET V(2)=3.17V V{(3)=1,53V V{5)=1,53V
MODEL NMOS NMOS KP=60U VTO=0.8 GAMMA=0.5
MODEL PMOS PMOS KP=30U VTO=-0.8 GAMMA-0.5
OPTIONS NOPAGE NOMOD

WIDTH OUT=80

OP

END

0****  DC TRANSFER CURVES

vi (5)

0.0D+00 20D+00 40D+00 60D+00 B.OD+0O
1.000D400 7.256D-01. *
1.050D+00 7.4968D-D1. *
1.100D+00 7.806D-01. *
1.150D+00 8.197D-01. *
1.200D+00 8.687D-01. *
1.250D+00 9.298D-01. *
1.300D+00 1.003D400., *
1.3500400 1.088D+00. *
1.400D+00 1.1880400 y
1.450D+00 1.303D+00.  *
1.5000400 1.441D+00 , oy
1.550D400 1.607D+00 . ®
1.600D+00 1.803D+00 . *,
1.650D+00 2.038D+00 . "
1.700D+00 2.338D+00 , i ;
1.7500+400 4.054D+00 . : =
1.8000400 4.132D400 . . A

0"**  SMALL SIGNAL BIAS SOLUTION
NODE VOLTAGE

(1) 50000 (2) 31718 (3} 15271 (4) 15270
(5) 15268 (6) 4.0000

0%+ MOSFETS

Q M1 M2 M3 Ms M8 M4
OMODEL NMOS PMOS PMOS PMOS NMOS  NMOS
D 3.17E-04 -3 17E-04 -3.17E-04 -3,17E-04 3.17E-04 -5.96E-08
VGS 16527 -1828 -1.828 -1828 1527 2473
vDs 1527 1828 2473 3473 1527 0.000
VBS 0000 0000 0000 0000 0000 -1.527
VTH 0800 0800 0800 0800 0800 1.142
VDSAT 0727 -1.028 -1.028 -1028 0727 1,331

GM B.72E-04 6 17E-04 617E-04 6.17E-04 B.73E-04 4 4BE-08
GDS  0.00E+0 OOCDE+0 0.00E+0 0.00E+0 0.00E+0 2.00E-04
GMB  2.B2E-04 1.89E-04 199E-04 1.99E-04 2B2E-04 7.68E-09

0"**  SMALL-SIGNAL CHARACTERISTICS

0 VEWI = 33680400

0  INPUT RESISTANCE AT Vi = 1.000D4+20

0 OUTPUT RESISTANCE AT V(5) = 1.146D:03

CMOS FEEDBACK AMP

VDD 105V

V8880 &V

M4 221 1 PMOS We20U L=1l

11 23 100UA

M5 3 3 & 9 NMOS W=20U L=1U

M6 6 3 9 9 NMOS W=40U L=1U

M1 1460 NMOS W=40U L=1U

M2 576 8 NMOS W=40U L=1U

M3 521 1 PMOS W=20U L=1U

M8 1589 NMOS W=40U L=1U

M7 8 3 9 8 NMOS W=40U L=1U

RF 8 7 20K

RE701K

Vi400W

TE MBI

MODEL NMOS NMOS KP=60U VTO=0.8 LAMBDA=0.03
MODEL PMOS PMOS KP=30U VTO=-0.8 LAMBDA-0.03
{OPTIONS NOPAGE NOMOD

.ngTH OUT=80

END
0" SMALL SIGNAL BIAS SOLUTION

NODE VOLTAGE

1) 50000 (2) 3.6341 (3) 37989 ( 4) -0.0000
(5} 1.4134 (6) -1.0776 (7) 00096 (8) 02016
{ 8) -5.0000

0**** MOSFETS

0 M4 M5 Mé& M1 M2 M3 Ma
OMODEL PMOS NMOS NMOS NMOS NMOS PMOS  NMOS
ID  -1.00E-04 1.00E-04 2.16E-04 1.09E-04 1.06E-04 -1 OGE-04 233E-04

VGS -1366  1.201 1.201 1.078 1087 1366 1292
VDS -1.366 1.201 3022 6078 2491 -3587 4.798
vBes 0000 0000 0000 -3,922 3922 0000 5202
VTH 0600 0800 0800 0800 0800 -0B00 0.800
VOSAT 0566 0401 0.401 0278 0287 -0D568 0412

GM  3.54E-04 4,90E-04 1.08E-03 788E-04 7.41E-04 3.76E-04 1.13E-03
GDS 268E-06 200E-06 579E-06 2.77E-06 297E-06 2 BBE-06 6.10E-06

0 M7
OMODEL NMOS
D 223E-04
VGS 1.201
VDS 5.202
VBS 0.000
VTH 0.800
0401
GM 1.11E-03
GDS  5.T9E-08

0™ SMALL-SIGNAL CHARACTERISTICS

0 Vigpvi = 16620401

0 INPUT RESISTANGE AT VI = 1.0000+20

0 OUTPUT RESISTANCE AT V(8) = 1.7070+02



Problem 8 — (10 points)

Solution
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Using the assumptions of g, >g,;.=(1/R) we can simplify R ,; as

(Em2l ds1Vds2

. Em2! as"R

Roys = ZR 1 2;@

What is the insight? Well there are two feedback loops, one a series (the normal cascode) and

one a shunt.

Apparently they are working against each other and the effective output

resistance is pretty much what it would be if there were two transistors in series without any

feedback.



Problem 9- (10 points)
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Problem 10— (10 points)
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8-30 cont.
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