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Homework Assignment No. 10 - Solutions

Problem 1 - (10 points)
Problem 8.13 of GHLM
Bias
I tIc = E‘éé =1.06 mA

. 1c2= 0.5 mA
. 8V
IC = *Z—‘:Q: l\MA %led(-:o
ASS\&me I¢|=IC2:0-52>MA
Them Yy =Yyq = 200X 26
Ga= 2.6k o5

Basic amplifcier

=73 ke

.25 ke l'} 1
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* =910 kQF K&
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.= f2|? RZ
Ve 9 Ry
21_=\=’-3L + 33 26 | o9
mz 2 0'55 200
= 54__{1,
Ri= 125 kl\rey =944 5>
Ra=6klluk = 3.83k
Vo _ o053\
e 0 =0 2880
Vs 26 \1'9'_5_354.844. 26
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. P —_ \222 -
. laop gain = 1 =11\

s with $eodback gach

1_{‘_’_: | 222 =10.9
U [+ 1

For the basic amplifier
Yoa= 1k [|6Kk = 3.88k
Yioa= i) (1+3m R 1)

=9.3 1 (L + 0.53 F4‘):20o6kﬂ

26
Weth {'Q@d\:o\ck

= 3280 __ el
Ko = =34.6

R: = 20.6xh2= 2.3M~

FEEDBACK AMP

VCC 106V

VEE 20 -6V

RL131.25K

Q1354 NPN

Q2164 NPN

REE 4 2 5K

Q3731PNP

RBIAS 7 2 6K

RF 7 6 10K

RE 60 1K

'MODEL NPN NPN BF=200 IS=1E-15
'MODEL PNP PNP BF=100 IS=1E-15
V150 SIN00.25 10K0 0
TRAN 4US 200US

‘PLOT TRAN V(7)

"FOUR 10K V(7)

'DC Vi-110.05

'PLOT DC V(7)

JEV( VI

‘OPTIONS NOPAGE NOMOD
'WIDTH OUT=80

OoP

END

o*** DC TRANSFER CURVES

Vi v(7)
50D+00 0.0D+00 50D+00 1.0D+01 1.5D+01
6.000D-01 -3.884D+00 . *
_5.500D-01 -3.884D+00 . *
-5.000D-01 -3.884D+00 . *
-4.500D-01 -3.884D+00 . *
-4.000D-01 -3.884D+00 . *
-3.500D-01 -3.818D+00 . *
.3.000D-01 -3.318D+00. *
.2.600D-01 -2.779D+00 .  *
-2.000D-01 -2.234D+00.  *
1.500D-01 -1.686D+00.  * .
-1.000D-01 -1.137D+00 . .
-6.000D-02 -5.862D-01 . ..
-4.441D-16 -3.500D-02 . .
5.000D-02 5.167D-01. .
1.000D-01 1.069D+00 . ot
1.500D-01 1.621D+00 . Lt
2.000D-01 2.173D+00 . oo
2.500D-01 2.726D+00 . oo
3.000D-01 3.279D+00 . AL
3.500D-01 3.831D+00. . .
4.000D-01 4.384D+00 . ) ..
4.500D-01 4.937D+00 . ) .
5.000D-01 5.490D+00 . ) .
5.5000-01 5.918D+00 . .
6.000D-01 5.947D+00 . ) ot
6.500D-01 5.950D+00 . ) ot
7.000D-01 5.951D+00 . ) .
7.500D-01 5.952D+00 . .
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0*** SMALL SIGNAL BIAS SOLUTION

NODE VOLTAGE

(1) 60000 (2) -60000 (3) 52856 ( 4) -0.7006
( 5) -0.0000 ( 6) -0.0053 ( 7) -0.0350

0**** SMALL-SIGNAL CHARACTERISTICS

o v = 1.103D+01
0 INPUT RESISTANCE AT VI = 2.280D+06
0 OUTPUT RESISTANCE AT V(7) = 3.505D+01

0**** BIPOLAR JUNCTION TRANSISTORS
0 Qi Q2 Q3
OMODEL NPN NPN  PNP

1B 2.91E-06 2.37E-06 -9.91E-06

IC 5.82E-04 4.74E-04 -9.91E-04

VBE 0.701 0.695 -0.714

vBC -5.286 -6.005 5.321

VCE 5086 6.701 -8.035

BETADC 200.0 2000 100.0

0™** TRANSIENT ANALYSIS
TIME  V(7)
-4.0D+00 -2.0D+00 0.0D+00 2.0D+00 4.0D+00

0.000D+00 -3.498D-02 . . *

4.000D-06 6.489D-01. . ot .
8.000D-06 1.287D+00 . . . L
1.200D-05 1.843D+00 . . . e
1.600D-05 2.281D+00. . . Lt
2.000D-05 2.574D+00. . . ot
2.400D-05 2.703D+00 . . . Lt
2.800D-05 2.660D+00 . . . Lot
3.200D-05 2.447D+00 . . . Ct
3.600D-05 2.078D+00 . . . -,
4.000D-05 1.576D+00 . . . '
4.400D-05 9.736D-01 . . Lot
4.800D-05 3.079D-01. . Lt
5.200D-05 -3.788D-01 . . *.

5.600D-05 -1.043D+00 . Lt

6.000D-05 -1.643D+00 . Y

6.400D-05 -2.140D+00 . .

6.800D-05 -2.505D+00 . Rl

7.200D-05 -2.714D+00 . *

7.600D-05 -2.757D+00 . '

8.000D-05 -2.630D+00 . R

8.400D-05 -2.340D+00 . *.

8.800D-05 -1.906D+00 . A

9.200D-05 -1.352D+00 . Lot

9.600D-05 -7.152D-01 . . A

1.000D-04 -3.427D-02 . . .

0*** FOURIER ANALYSIS

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(7)
0DC COMPONENT = -3.085D-02
OHARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORM
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG)
1 1.000D+04 2.739D+00 1.000000 -0.004  0.000
2 2.000D+04 4.456D-03 0.001627 -103.114 -103.110
3 3.000D+04 1.392D-03 0.000508 4.977  4.981

TOTAL HARMONIC DISTORTION = 0.170784 PERCENT

(o) Baste amplif t‘.eT. | <o
Lz |
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. =3.30k L
'a':L—.g=_ 3300 | |

=P TR Y S
'.D &=‘5|6
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— 14 KRe
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t
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‘Lo O
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Ro =Yoo (\+T) =300x477.9= 4,4
M
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e = YKo
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() Assume h,c'gh g
Ias = —*—ll* 0.6 :, mA

.4

. 4 -

.o Ierﬁ.’ T:—:—X]—-q-or)mA

cel@)=Ige = + x4.7 =2.3mA
Iaq= 4-'1 l’hA

o I(_Q3 = IQ4= 2.’7mA

IGW: IQ": lz:: x)= 2.5mA

Vez=Vea=6~1.1x2.3 = 3.5V
;. DC output wltage
= ?05"006 = Qoq V
Sum currents af Collector of &
Ig = 6_‘& +M
2.9 ]
o 2.5=2.5~0.42V%, 0.4 ~0.1al/,
SVear=ly
I Current in Nk Yesistor

=291 _, ., A
7 - 27 m

o Ige=Tee = Imipt 0.27=3.3mA
b Half ~circuit

733 AMP RF11157K
VCC 106V RF2126 7K
VEE 20 -6V RL 1112 2K
RC11524K Q7 16 17 18 NPN
RC21624K Q8 17 17 19 NPN
Q153 7NPN 89151720NPN
1011 17 13NPN
N2 ABNeN Q111217 14NPN
RE2 8 16 640 RQ7 18 2300
Q410515NPN  FQ9.20 2300
RC319 1.1K RQ10 13 2 400
RC4 110 1.1K RQ11 14 2 400
Q5110 11 NPN RBIAS 1 17 10K
Q61912 NPN -MODEL NPN NPN BF=100 [S=1E-13
vit3oov
viz4o0v

TFV(11,12) Vit

.OPTIONS NOPAGE NOMOD
WIDTH OUT=80

OP

END
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0****  SMALL SIGNAL BIAS SOLUTION

NODE VOLTAGE

(1) 60000 (2) -6.0000 ( 3) -0.0000 ( 4) -0.0000

(S5) 17678 (6) 17678 (7) -06128 ( 8) -0.6128

(9) 3825 (10) 3.8225 (11) 31973 (12) 3.1973

(13) -4.8003 (14) -4.8003 (15) 1.1550 (16) -1.8721

(17) -4.1766 (18) -4.8076 (19) -4.7686 (20) -4.8076

0**** BIPOLAR JUNCTION TRANSISTORS

0 Qt Q2 Q3 Q4 Q5 Q6 Q7
OMODEL NPN NPN NPN NPN NPN NPN NPN

B 1.95E-05 1.95E-05 1.95E-05 1.95E-05 3.14E-05 3.14E-05 3.94E-05
IC 1.95E-03 1.95E-03 1.95E-03 1.95E-03 3.14E-03 3.14E-03 3.94E-03
VBE 0613 0613 0613 0613 0625 0625 0.631

VBC -1.768  -1.768 -2055 -2055 -2178 -2.178 -2.305
VCE 2381 2381 2667 2667 2803 2803 2936
BETADC 100.00 100.00 100.00 100.00 100.00 100.00 100.00

GM 7.53E-02 7.53E-02 7.53E-02 7.53E-02 1.22E-01 1.22E-01 1.52E-01
RPI 1.33E+03 1.33E+03 1.33E+03 1.33E+03 8.23E+02 8.23E+02 6.57E+02
RO 9.46E+11 9.46E+11 9.54E+11 9.54E+11 9.56E+11 9.56E+11 9.58E+11

Q8 Q9 Q1o Q1
OMODEL NPN NPN NPN NPN
1B 8.71E-06 3.94E-05 2.97E-05 2.97E-05
IC 8.71E-04 3.94E-03 2.97E-03 2.97E-03
VBE 0592 0631 0624 0624
vBC 0000 -5332 -7374 -7.374
VCE 0592 65963 7998 7.998
BETADC 100.000 100.000 100.000 100.000
GM 3.37E-02 1.52E-01 1.15E-01 1,15E-01
RPI 2.97E+403 6.57E+02 B.71E+02 8.71E+02
RO 2.05E+11 9.82E+11 9.87E+11 9.87E+11
HEBRHHRURBERB R BRBRU SRR S
HAND ANALYSIS STARTS WITH BIAS STRING: Q8 AND RESISTORS OF

10K AND 1.4K AND FINDS IC8=1MA. BUT IT FAILS TO ACCOUNT FOR
BASE CURRENTS OF Q7, Q9, Q10, Q11.

USING SPICE, WE SEE THAT THIS 1MA IS DIVIDED AMONG THESE
TRANSISTORS: 1MA=IC8+IB7+B9+IB10+IB11

SO THE SPICE DC BIAS CURRENTS OF TRANSISTORS ARE DIFFERENT
FROM THE VALUES OBTAINED BY HAND.
HUHRHBREHBBRN BB UBRRERA 1Y
**** SMALL-SIGNAL CHARACTERISTICS
V(i1,12)/VI1 = 9.531D400
INPUT RESISTANCE AT VI = 1.319D+05
OUTPUT RESISTANCE AT V(11,12) = 3.793D+00

1 =) +(1+B) Rey

_ \0oX2b ~éékg‘
Ea .- x [0
2.3 +lolX 64

—— Sor the holf circuit
W Ri=132ke — for the
Complete Circuit
Foy the first stage

Lot | |
. = \_ (26 640
=-1.52 Y“A/v

Consider the shunt- shunt
'faqdback Stoge ,
Basic omplifier (S

[1] S
I S7 -~
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8020' COM'J

(UI=7:S(2-<H<” 7l Y‘nq-)
=’l‘.$ YO.Q?k
Ri =g +(\+8) x 315
6% + ¥B.4k =39 KL

-1?&= “’-67K><3m [Mkﬂsﬁk]
4
= ~0.67k x 23 xlosfl
A= - 66,3 k_rz_
f=- ok

ve For the ou.tpw(“ Stage with
feedback applied
Uo_ A _ -23|I<

-+ fov the operall Circuct

}%: L.52x10 °x 6.33x[0° =49. 6
Loop gain of outpul stage
T=0\§= To 4]
Qutput impedance of half circuit
= ?')5"[ ! ot HOO]
=815 || m +l|] =g
< By the complete circuit

Yoa= 3L , and with feedback
applied , R, = ‘36 =3.65

8.23

3

- 7= = 30
ok Ip,= —f—AZO(Vqsl—Oﬁ)l

5-a= 3(a-03)>
=30 -48a+1.92
0 =3a*-2%a-3.08

a= 1382382 _4(3)(-308)
6

Page 4
Vos,= 1.83V
Ipy= 2% 20(133-03)"

= 3’7MA ID| =IDS.=ID6
small 5|3Y\0~'

e L_@

Vo =Vgs, — gm¢ Vas, Fdsq
gmi = gms
=dmiVgs, = ™M Vgsy
TS = Vyse =W
Vo= —VL + gmg Vi rdsg

Vo
—\Z’: = —,+ 3"‘6 Vd.Sq_

™6 =2 3r7m)60w) 20)
= 812 Mﬁ\;

8d$4 = 4, Cox % (VG$4.*Vt4)
=150 (Ve - .53~ 1.14)
=150 (Ve -2.67)

Vig = Ve + Y( Vsggh 208 7 ‘/33;)
=0.8+ os(m -/0.5)

= 114V

Vse= Vasy = W, + /2106
A Cox

¥
= 0.3+ ’ 2 (3|7M2
60 (20)
= |.53V
Ve =3v
9ds4_ |1S0m(3—2.61)
=495
Vds, = 202 k
%g: ~1+(8 12m)Y20.2k) =

1
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g823-Guid

Ve =4 v VARIABLE GAIN CMOS AMP
o7 VDD 1 05V
= -2, M1 3 40 0 NMOS W=20U L=1U
30‘54 150 (4 -2.67) M222 11 PMOS W=20U L=1U
_ R120 10K
= 2004 M3321 1 PMOS W=20U L=1U
M5 521 1 PMOS W=20U L=1U
"d_s.,r = 5.0l k M 5 30 0 NMOS W=20U L-1U
M4 5 6 30 NMOS W=5U L=2U
y VC 603V
[}
Ve

|

-1 +(872M)(5‘0H<) VI40 1527V

.DC VI 1.47 1.6 0.005
PLOT DC V(5)
= 3,37 TFV(E)VI
. NODESET V(2)=3.17V V(3)=1.53V V(5)=1.53V
A [ _ .MODEL NMOS NMOS KP=60U VTO=0.8 GAMMA=0.5
0= = = .15 ks .MODEL PMOS PMOS KP=30U VTO=-0.8 GAMMA=0.5
me 3T2am OPTIONS NOPAGE NOMOD
WIDTH OUT=80
op

B.2 i END
0"  DC TRANSFER CURVES

v V(5)
1.0D+00 2.0D+00 3.0D+00 4.0D+00 5.0D+00
Ip, =Ip, = -2'- Ip‘ = |00uA = 103 1.470D+00 1.065D+00 .*
1.475D+00 1.092D+00 *
Ip = 1.480D+00 1.119D+00 .*
bg 200:A 1.485D+00 1.149D+00 . *
1.490D+00 1.180D400 . *
a=4 gm, (270, |l Fo ) gmg (21 k) 1.495D+00 1.213D+00 . *
2 < 3/ — 1.500D+00 1.248D+00 . *
1+ gmgRlk) 1.505D+00 1.287D+00 . *
4 (6‘! ) ( L 1.510D+00 1.320D+00 . *
= 3uj(222 0.954 1.515D+00 1.376D+00. *
2 ) (0.954) 1520D+00 1.430D+00. *
_ 1.525D+00 1.495D4+00. *
=73. 4 1.530D+00 1.580D+00. * .
1.535D+00 1.707D+00.  * . ) .
=/ 1.540D+00 4.292D+00 . . . o
™ 2 (1oom)(604) 40 1.545D400 4.463D+00 . , . Do
: 15500400 4.563D+00 . . ) Lo
= 613uA, 1.5550400 4.632D+00 . 4 . S
v 1.560D+00 4.683D+00 . . . . v
v | | 1.565D+00 4.722D+00 .
0, = Vo3 = = 1.570D+00 4.753D+00 .
AIp 0.03 (l00.:) 1.575D+00 4.777D+00 .
1.580D+00 4.796D+00 .
= 1.585D400 4.811D+00 .
333k 1.590D+00 4.822D+00 .

s o» o8 *

*

*

_ 1.595D400 4.830D+00 . : : f :
jmg = "2(10@(&)(6%) 40 1.600D+00 4;8_3_69_»,_0_()_._“_";_"_". ______ .
= 930/4&50 0****  SMALL SIGNAL BIAS SOLUTION

NODE VOLTAGE
I k (1) 50000 (2) 31718 (3) 15271 ( 4) 15270

Tk + 20k = 3 (5) 15259 (6) 3.0000
0*** MOSFETS
T=af = 3.5 0 M1 M2 M3 M5 M6 M4
= = 3. 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
A= a_ _ 73.4 _ _ VW VGS 1527 -1.828 -1.828 -1828 1527 1473
AT 45 ° 16.3 = A VDS 1527 -1.828 -3473 -3474 1526 -0.001
. & VBS 0000 0000 0000 0000 0000 -1527
VIH 0800 -0.800 -0.800 -0.800 0800 1142
R, = Fout _ 973 VDSAT 0727 -1028 -1028 -1028 0727 0332
° 4T 4.5 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 0.00E+0 4.97E-05
GMB  282E-04 1.99E-04 199E-04 199E-04 2.82E-04 3.08E-08
= 2160 0***  SMALL-SIGNAL CHARACTERISTICS
0 V(5 = 1.649D+01
Yout = 21k ” S 0 INPUT RESISTANCE AT VI = 1.000D+20
ou Mg 0 OUTPUT RESISTANCE AT V(5) = 1.141D+03
=21k |l o2k

i

73 n
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8.24-Gentd

VARIABLE GAIN CMOS AMP

VDD 105V

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

M2 2211 PMOS W=20U L=1U

R120 10K

M3 321 1 PMOS W=20U L-1U

M5 52 1 1 PMOS W=20U L=1U

M6 5 3 0 0 NMOS W=20U L=1U

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

VC 604V

Vi 401527V

DCVI1.01.8005

PLOT DC V(5)

TFV(5) 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

opP

END
0****  DC TRANSFER CURVES

vi V(5)
0.0D+00 2.0D+00 4.0D+00 6.0D+00 8.0D+00

1.000D+00 7.255D-01. *

1.050D+00 7.496D-01. *

1.100D+00 7.806D-01. *

1.150D+00 8.197D-01. *

1.200D+00 8.687D-01. *

1.250D+00 9.209D-01. *

1.300D+00 1.003D+00. *

1.350D+00 1.089D+00. *

1.400D+00 1.188D+00. *

1.450D+00 1.303D+00. * .
1.500D+00 1.441D+00.  * .
1.550D+00 1.607D+00 . .
1.600D+00 1.803D+00 . .
1.650D+00 2.038D+00 . .
1.700D+00 2.339D+00 . - )
1.750D+00 4.054D+00 . . .
1.800D+00 4.132D+00 . ) N

0***  SMALL SIGNAL BIAS SOLUTION
NODE VOLTAGE
(1) 50000 (2) 31718 ( 3)

15271 ( 4)
(5) 15268 ( 6) 4.0000

1.5270

0™*** MOSFETS

0 M1 M2 M3 M5 Mé M4
OMODEL NMOS PMOS PMOS PMOS NMOS NMOS
ID 3.17E-04 -3.17E-04 -3.17E-04 -3.17E-04 3.17E-04 -5.96E-08

VGS 1527 -1828 -1.828 -1.828 1.627 2473
VDS 1527 -1828 -3473 -3473 1.527  0.000
vBS 0000 0000 0000 0.000 0.000 -1527
VTH 0.800 -0800 -0.800 -0.800 0.800 1.142
VDSAT 0727 -1028 -1.028 -1.028 0.727 1.331

GM 8.72E-04 6.17E-04 6.17E-04 6.17E-04 8.73E-04 4.48E-08
GDS  0.00E+0 0.00E+0 0.00E+0 0.00E+0 0.00E+0 2.00E-04
GMB  2.82E-04 1.99E-04 1.99E-04 1.99E-04 2.82E-04 7.68E-09

0*** SMALL-SIGNAL CHARACTERISTICS

0 V(EWI = 3.369D+00

0 INPUT RESISTANCE AT VI = 1.000D+20

0 OUTPUT RESISTANCE AT V(5) = 1.146D+03
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CMOS FEEDBACK AMP
VDD 105V
VSS90 -5V
M4 2211 PMOS W=20U L=1U
11 2 3 100UA
M5 3 3 9 9 NMOS W=20U L=1U
M6 6 3 9 9 NMOS W=40U L=1U
M1 1469 NMOS W=40U L=1U
M2 5769 NMOS W=40U L=1U
M3 521 1 PMOS W=20U L=1U
M8 158 9 NMOS W=40U L=1U
M7 8 39 9 NMOS W=40U L=1U
RF 8 7 20K
RE 70 1K
viaoov
TEV@E)VI
'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
WIDTH OUT=80
oP
END
0" SMALL SIGNAL BIAS SOLUTION
NODE VOLTAGE
(1) 50000 (2) 3.6341 ( 3) -3.7989 ( 4) -0.0000
(5 14134 (6) -1.0776 (7) 00096 {8) 02016

{ 9) -5.0000

0**** MOSFETS

0 M4 M5 M6 M1 M2 M3 M8
OMODEL PMOS NMOS NMOS NMOS NMOS PMOS NMOS

iD -1.00E-04 1.00E-04 2.16E-04 1.09E-04 1.06E-04 -1.06E-04 2 33E-04

VGS -1.366 1.201 1.201 1.078 1087 -1366 1.212
VDS -1.366 1.201 3922 6078 2491 -3587 4.798
vBs 0000 0000 0000 -3.922 -38922 0.000 5202
VTH -0800 0800 0.800 0800 0800 -0.800 0.800
VDSAT -0566  0.401 0.401 0278 0287 -0.566 0412

GM 3.54E-04 4.99E-04 1.08E-03 7.88E-04 7.41E-04 3.76E-04 1.13E-03
GDS 2.88E-06 2.90E-06 5.79E-06 2.77E-06 2.97E-06 2.88E-06 6.10E-06

0 M7
OMODEL NMOS
1D 2.23E-04
VGS 1.201
VDS 5.202
vBs 0.000
VTH 0.800
VDSAT 0.401
GM 1.11E-03
GDS  5.79E-06

0"** SMALL-SIGNAL CHARACTERISTICS

0 V@I = 1.662D+01

0 INPUT RESISTANCE AT VI = 1.000D+20

0 OUTPUT RESISTANCE AT V(8) = 1.707D+02



