ECE 6412 - Spring 2003

Page |

Homework Assignment No. 10 - Solutions

Problem 1 - (10 points)
Problem 8.13 of GHLM
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For the basic amplifier
Yoa= 1k [l6Kk = 3.88 K -
Yia= Yy (1+Gm Re)

=931 (1 + 222 pq)=20,6 k0

Weth {‘ud back

R = 3980 _ o
o= 3980 =34.6

R; = 20.6xh2= 2,3M5L

FEEDBACK AMP

VCC 106Y

VEE 20 -6V

AL 131.25K

Q12354 NPN

Q2164 NPN

REE 4 2 5K

Q3731PNP

RBIAS 7 2 8K

RE 76 10K

RE 6 0 1K

‘MODEL NPN NPN BF=200 IS=1E-15
'MODEL PNP PNP BF=100 IS=1E-15
Vi 60 SIN00.25 10K0 O
TRAN 4US 200US

'PLOT TRAN V(7)

"FOUR 10K V(7)

DC VI-110.05

PLOT DC V(7)

TEVOVI

‘OPTIONS NOPAGE NOMOD
‘WIDTH OUT=80

OoP

END

o** DC TRANSFER CURVES

ViV

5.0D+00 00D+00 5.0D+00 1.0D+01 150401

-6.000D-01 -3.884D+00 , *
-5.500D-01 -3.884D+00 . *
-5.000D-01 -3.8840+00 . *
-4 500D-01 -3.884D+00 . *
-4.000D-01 -3.684D+00 . *
-3.500D-01 -3.818D+00 . *
-3.000D-01 -3.318D+00.
-5 8500D-0% -2.779D+00 . *
.2.000D-01 -2.234D+00.  *
1500D-01 -1.686D+00.  * .
-1.000D-01 -1.137D+00 . .
_5,000D-02 -5.862D-01 . ..
-4.441D-16 -3.500D-02 . .

5.000D-02 5.167D-01. N
1.000D-01 1.089D400 . o
1.500D-01 1.6210+00 . o
2.0000-01 2.173D+00 . Lo
2.5000-01 2.726D+00 . oo
3.000D-01 3.2790+00 . e
3.500D-01 3.831D+00 . . .
4.000D-01 4.384D+00 . . ..
4.500D-01 4.937D+00 . ) .
5.000D-01 5.430D+00 . ) .
5.500D-01 5.918D+00 . .
6.000D-01 5.9470+00 . . L
6.500D-01 5.950D+00 . . e
7.000D-01 5.951D+00 ., .
7.500D-01 5.952D+00 . *
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0*** SMALL SIGNAL BIAS SOLUTION

NQDE VOLTAGE

(1) 60000 (2) 60000 (3} 52856 ( 4) -0.7006
{ 5) 00000 (&) -0.0053 { 7) -0.0350

0™ SMALL-SIGNAL CHARACTERISTICS

0 WIWVI = 1.103D+01

0 INPUT RESISTANCE AT VI = 2.280D+06

0 OUTPUT RESISTANGE AT V(7) = 3.505D+01

0**** BIPOLAR JUNCTION TRANSISTORS
0 (#]} Gz Q3
OMODEL NPN  NPN PNP

B 291E-06 237E-06 -9.91E-06

Ic 5.82E-04 4.74E-04 9.91E-04

VBE 0701 0895 -0.714

VBC -5.286 -6.005 5321

VCE 5986 6.701 -6.035
BETADC 200.0 2000 1000

0***  TRANSIENT ANALYSIS

TIME  V(7)

4.0D+00 200400 00D+00 200400 4.00+00

0.000D+00 -3.498D-02 . ) .
4.000D-06 6.489D-01 . . R
8.0000-06 1.28704+00 . X .o
1.200D0-05 1.843D+00 . ) ) ..
1.600D-05 22810400 . . . .
2.000D-05 2.574D+00 . ) ) ot
2.4000-05 2.703D+00 . ) ) oo
2.800D-05 2.660D4+00 . ) . oot
3.2000-05 2.447D+00 . o ) o
3.600D-05 2.078D+00 . ) . .
4.000D-05 1.576D4+00 . ) ) .
4.400D-05 9.736D-01 . . Lot
4.800D-05 3.079D-01 . . Lt
5.2000-05 -3.788D-01 . . .
5.600D-05 -1.04304+00 . L
6.000D-05 -1.643D+00 . .t
6.400D-05 -2.140D+00 . .
6.800D-05-2.505D+00.  * .
7.200D-05 -2.714D+00.  *
7.600D-05-2.757D+00. ' .
8.000D-05-2.630D+00.  * .
B.400D-05 -2.340D+00 . .
8.800D-05 -1.906D+00 . .
£.2000-05 -1.3520+00 . ot
9.6000-05 -7.152D-01 . A
1.000D-04 -3.427D-02 . ) .

0™** FOURIER ANALYSIS

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(7)
oDC COMPONENT = -3.085D-02

OHARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORM
NO (HZ} COMPONENT COMPONENT (DEG) PHASE (DEG)

1 1.0000+04 2.739D0+00 1000000 -0.004  0Q.000
2 2.000D+04 4.456D-03 0.001627 -103.114 -103.110
3  3.000D+04 1.392D-03 0000808 4977 4881

TOTAL HARMGONIC DISTCRTION = 0.170784 PERCENT

Bastc amplifier gain

2 = (1|1l R |+g,, %

(
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Ri= 4K|lvwz (1490, Re) || Yo
= akl|5-2(1+ 328 || 100k

. =3.30k L
o Ao oy 3300, 1 )
1s 476X 26 2(: 4.5
C.v &-?-"'SIG

Yia= Lkl telkll vy = 476 £
o= Yozl I+ Yxa
Yoo.= o2 (1+ $,. s ‘_’r )

1[2+Rsz
Rsz2=Yallak = .35k
o.. Y = loO ‘10.‘? 5.2
e (3 o)k
T iloeo kL

Feadback wmatisork

5 with feedboack aﬂolied
overall 3wi.n=—1:'%= A
51 1e I +a§
a0 =08
Tnput Yesistance
R: = Yioo _ 47 _casq
YT T T 419 =194
Output Yesistonce
Ro =Yoo (\+T) =300%47.9 = 4.4

b> ¢ M
1.9 uur\ohang ed

9._ inCrRoses b)f about 109
< Change in ovevell gain is

o~ 10
07 0.2 %

Ri charges b)’ —~10 % hecause

e = YT
l +af
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@) ASSum;zlliugh g
Las = n?f =1 mA
e IQr' ~ -‘£‘:—f~x| =4.7mA
rela)=Tge = 7 X477 =2.3mA
Iaq= 4.7l mA

L Tgy = Tag = 2.3mA

Tow=1gy= “;:: X1 =32.5mA

Vez=Veq=6~1.1x2.3 = 3.5V
.. DC output woltage
=3.5-0.6 = 2,9V
Sum currents af Colfector of &
_I@.\= 6"Vi.‘.‘.l +2.?-—-Vc_|
2.9 "
ve 2,3=2.5-0,42V,+0.4 ~0,14l/,
Ve =1y
L. Cugeén,i:' N NkL2 Yesistor

ve Tas=Twe = Imipt 0.2 =3,3mA
(b Hal{l ~ circuit

733 AMP RF11157K
VCC 1 D6V RF21287K
VEE 2 0 -6V AL11122K
RC1 1524K Q7 16 17 18 NPN
AC2 16 24K Q817 17 19 NPN
Q1537 NPN 83151720NPNN
01117 13NP
SRR N Q111217 14NPN
RE2 8 16 640 RQ7 16 2 300
Q39615 NPN RQB 19 2 1.4K
Qsa10515NPN  RQ920 2300
RC3191.1K 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
Vi13oov
Viz4o0v
TF V(11,12 Vit
(OPTIONS NOPAGE NOMOD
WIDTH OUT=80
.OP

.END
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0***  SMALL SIGNAL BIAS SOLUTION

NODE VOLTAGE

(1) 6.0000 ( 2) -6.0000 (3) 0H.0000 {4) -0.0000

(5) 17678 (6) 17678 (7) -06128 ( B) 06128

{9) 3.8225 (10) 38225 (11) 31973 (12) 3.1973

{13) -48003 (14) 4.8003 (15} 1.1550 (16) -1.8721

(17) -4.1766 (18) -4.8076 (19) -4.7686 (20) -48076

0*** BIPOLAR JUNCTION TRANSISTORS

0 Q1 a2 Qa3 o4 Qs Q5 Qr
OMODEL NPN NPN NPN  NPN  NPN  NPN  NPN

IB  1.95E-05 1.95E-05 1.95E-05 1.95E-05 3.14E-05 3.14E-05 2.94E-05
IC  1.95E-03 1.95E-03 1.95E-03 1.95E-03 2.14E-03 3.14E-03 3.94E-03
VBE 0613 0613 0613 0613 0625 0625 0631
VBC  -1.768 -1.768 -2.055 -2055 -2178 -2.178 2305
VCE 2381 2381 2667 2667 2803 2803 2006
BETADC 100.00 100.00 10000 10000 10000 10000 10000

GM 7.53E-02 7.53E-02 7.53E-02 7.53E-02 1,.22E-01 1.29E-01 1 .52E-04
RPI 1.33E+03 1.33E403 1.33E+03 1.33E403 B.23E+02 §.23E+02 §57E+02
RO 9.46E+11 9.48E+11 9.54E+11 9.54E+11 O.56E+11 956E+11 9.58E+11

Q8 Q3 Q10 Qi1
OMODEL NPN  NPN NPN  NPN
18 8.71E-06 3.94E-05 2.97E-05 297E-05
IC B.71E-04 3.94E-03 2.97E-03 2.97E-03
VBE 0592 0631 0624 0624
vec 0.000 -5332 -7374 -7.374
VCE 0592 5963 7998 7998
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+03 657E+02 8.71E+02 8.71E+02
RO 2.05E+11 9B2E+11 9B7E+11 Q.87E+11
HESHUREREBURE A RARUBER RS
HAND ANALYSIS STARTS WITH BIAS STRING: QB AND RESISTORS OF
10K AND 1.4K AND FINDS IC8=1MA. BUT T FAILS TO ACCOUNT FOR
BASE CURRENTS OF 7, Q8, Q10, Q1.

USING SPICE, WE SEE THAT THIS 1MA IS DIVIDED AMONG THESE
TRANSISTORS: 1MA=IC8+IB7+!B9+IB10+1811

S0 THE SPICE DC BIAS CURRENTS OF TRANSISTORS ARE DIFFERENT
FROM THE VALUES OBTAINED BY HAND,

HERHRRUR RS REU BB ERRHBHEY

***  SMALL-SIGNAL CHARACTERISTICS

V{11,12)/vi1 = 9.5310+00
INPUT RESISTANCE AT Vi1 = 1.319D+05
OUTPUT RESISTANCE AT V(11,12) = 3.793D+00

=Ty (@) Rey

~ \00X2b _éékﬂl
———= Y\olX =
2.3 \ol X 64-0

— For the half circuit
e Ri=132k — for the
Complete. Circuit
FOY tlr\e 'first ?t(lge

Lot | ]
Ve = Gao |4 (3&#&2)

oo{ 2,37 oo
=—{.52 Y“A/V

Consider the shunt-—Shunt
Mback stoge ,
Bastic amplifier S
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8020 -Co W*'d

7)?=-'?:s(2-4k” Qk” Y\)(_q,)
= '{.5 YU-G‘Yk
Ris =Vrg +(1+8) x #15

s U
%= '67t<><3m+[ukueak]
= ~0.67k x 3232 xloa']
AT - 44,3 k..Q_.

juin Y

™
e For the Ou.l‘pu'f' Stage with

feedback applied
Uo_ X _ ~23lK

Toy 1+af 149,47

<+ for the operall Civcult

—.‘-}3.= ;.S'zxw-sx(:.ihloz' =9.6
Loop gain of output siage
T-:.af = T.4
Qutput impedance of half circuit
= g15||f-L 4 Voo
”[3 '5+ ]

=gns| (N +n) =150

*r For the Campl-et‘e‘ Cc'rcuit

a?yheal R .3+6T =3 650
8.23
Vob — Vigs 5
ok - 1pa= 2% 20(vgs, - 0.8)

S5-a= 3(a-0%)>
=30 -4%a+l92
0 = 3> —-3%a-308

a= 1382 /38>_4()(-3.08)
3
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Vos,= .83V
Ipy= 3% 29(133~-0.3)*

=31TmA = Ip, =Ips=1Ip,
small :ngnq!

.‘Wv Vo
vm——l m, I’—‘IEli

ﬂw—};tvo
%3"‘!\95, V s 3"‘5\/856

Vo =Vas = gme V&-"e Vdsq
gmi = gmé
“gmiVgs, = gmg Vesg
Y95 = Vs, =V

“Hl“ +

0= —¥ *5’"6‘/{‘ rdsq_

Vo

—\‘;4-.: = _,+ 3”6 Vd_s4

™6 =2 @r1a)(60u) (20)
= §72 ij/,

3d54 _-_,anoxkt\__/(vq%_vtd
= 1504 (Ve - 1.53- 1.i4)
=150 (Ve - 2.67)
Veg = V4 + Y(/7s3+2.¢-F /i)

,_08+05(J_I_53T0.——1/_—)

= 114V

Vse= Vasg = Vg, + [2 106
C

A Cox %6
=08+ /2 (317Tm )}
60 (20)

= |.E3V
Ve =3v
fdsg = I150m(3~2.67)
= 49.5m
Vds4 = 202 k

V = ~1+(§ T2m)20.2k) =

1'
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823-Guid

=4y
s, = 150 (4 -2.67)
= 2004
kdjq_ = 50! k

Ve
Ve

=~ +(872)(5.01k)
= 3,37

- A—- = =
Ro = - ——’——BTZM 15 ks

g2t

Io, =Ip, =4 Ip, = 100mA =Ip,

I1>8=200AA
a4 gm (2vo, lIvo,) gm3aik)
™ ) 1+ gmpRik)
=4(63u)(222k) (0.954)
=73.4
?’"‘I = fz-(mo,;f)(éozuj 40
V02 =Voy = L= .

AIp — 0.03 (Jook)
= 333k

™3 = 22000 )(620) 40
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VARIABLE GAIN CMOS AMP
VDD 105V
M1 3 40 0 NMOS W=20U L=1U
M2 2211 PMOS W=20U L=1U
R120 10K
M3 321 1PMOS W=20U L=1U
M55 2 1 1 PMOS W=20U L=1U
M5 5 3 0 0 NMOS W=20U L-1U
Md 5 6 3 0 NMOS W=5U L=2U
VE 603V
V1401527V
DC VI 1.47 1.6 0.005
PLOT DG V(5)
TEV{E}IVI
NODESET V(2)=3.17V V(3)=1.53V V(5)=1.53V
MODEL NMOS NMOS KP=80U VTO0 8 GAMMA=0 5
MODEL PMOS PMOS KP=30U VTO--0.8 GAMMA=0 5
OPTIONS NOPAGE NOMOD
WIDTH QUT=80
OP
END
0*** DG TRANSFER CURVES
Vi V(5)

1.470D+00 1.065D+00 *

1.475D+00 1.092D+00 .*

1.4800+00 1.1190+00 .*

1.485D+00 1.149D+00 .~

1.400D+0Q 1.180D+00.

1.495D+00 1.213D+00 . *

1.500D+00 1.248D+00 . *

1.505D+00 1.287D+00, *

1.510D+00 1.329D+00. *

1.515D+00 1.376D+00. *

1.5200+00 1.430D400. *

1.5250+00 1.495D+00.

1.5300+00 1.580D0+00., * .

1.5380D+00 1.7070400 . . . .
1.5400+00 4.292D+00 . . . Lt
1.545D+00 4.463D+00 . . . Lt
1.550D+00 4.5630400 . . . . *
1.5550+00 4.6320+00 . . . . "
1.5600+00 4.6830+00 .
1.5650+00 4,7220+00 .
1.570D+00 4.753D+00 .
1.575D+00 4.777D+00 .
1.5800+00 4.796D+00 .
1.5850+00 4.811D+00 .
1.590D+00 4.822D+00 .
1.695D+00 4.830D+00 .

o oo+ v F

* »

1.6000+00 4.836D+00 . . . S
=98 OM% 0™** SMALL SIGNAL BIAS SOLUTION
NODE VOLTAGE
_ I k (1) 50000 (2) 31718 (3) 15271 (4) 15270
= —— = {(5) 15259 (&) 30000
lk+20k 2
0"** MOSFETS
T=af = 3.5 0 M1 M2 M3 M5 ME 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=-2_ = 3.4 _ _ W VGS 1527 -1828 -1828 -1828 1527  1.473
14T Pk 16.3 = v VDS 1527 -1828 -3473 3474 1526  -0.001
. & VBS 0000 0000 0000 0000 0000 -1527
" VIH 0800 -0800 0800 -0.800 0800 1142
R. = Vou - 9713 VDSAT 0727 -1028 -1028 -10%8 0727 0332
o T 4.5 GM  B.72E-04 6.17E-04 6.17E-04 6.17E-04 B.73E-04 1.80E-07
GDS  0.00E+0 0.00E+D 0.00E+0 000E+0 D.0E+0 4.97E-05
GMB  2.82E-04 1.99E-04 1.99E-04 1.99E-04 2.82E-04 3.0BE-08
= 2161 0" SMALL-SIGNAL CHARACTERISTICS
0 VEWI = 16490401
Yout = 21k “_.J.__ 0 INPUT RESISTANCE AT VI = 1.0000+20
Imz 0 OUTPUT RESISTANGE AT V(5) = 1.141D+03
= 20k || o2k

I

973
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VARIABLE GAIN CMOS AMP

VDD 1 G5V

M1 3 4 00 NMOS W=20U L=iU

M2 2211 PMOS W=20U L=1U

R120 10K

M33211PMOS W=20U L=1U

M5 5 2 1 1 PMOS W=20U L=11}

M5 5 3 0 6 NMOS W=20U =1U

M4 5630 NMOS W=5U L=2U

VC 604V

Vi4 D 1527V

DG VI 1.0 18005

PLOT DC V(5)

TFV(S) 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 GUT=80

OP

END

0™  DC TRANSFER CURVES

VI V(5)
0.0D+00 20D+00 40D+00 6.0D+00 8.0D+00

1.000D+00 7.2550-01. *

1.050D+00 7.496D-01. *

1.100D+0G 7.8060-01. ~

1.150D+00 8.197D-01, *

1.200D+00 8687D-01 . *

1.250D+00 9.293D-01. *

1.300D+00 1.003D+00. *

1.350D+00 1.089D+00 . *

14000400 1.188D+00 . *

1.4500+00 1.303D+00 . R
1.5000+00 1.441D+00 , '
1.550D+00 1.6070+00 . '
1.600D+00 1.803D+00 . "
1.650D+00 2.038D+00, *
1.706D+00 2.339D+00 . R .
1.750D+00 4.054D+00 . . *
1.800D+00 4.1320+00 . . K

[ Rk

SMALL SIGNAL BIAS SOLUTION
NODE VOLTAGE

(1) 50000 (2) 31718 (3) 15271 (4) 15270

(5) 15288 (8) 4.0000

0**** MOSFETS

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

1D 3.17E-04 -3.17E-04 -3.17E-04 -3.17E-04 3.17E-04 -5.96E-08

VGS 1527 -1828 -1828 -1828 1,527 2473
vDs 1.527 -1828 3473 -3473 1.527  0.000
vBS 0000 0000 0000 0000 0000 -1527
VTH 0800 -0800 0800 0800 0.800 1.142
VDSAT 0727 -1.028 -1.028 -1.028 0.727 1.331

GM 8.72E-04 6.17E-04 6.17E-04 6.17E-04 B.73E-04 4.48E-08
GDS  0.00E+0 0.00E+0 0.00E+0 (.0CE+0 O.00E+0 2.00E-04
GMB  2.82E-04 1.99E-04 199E-04 1.99E-04 2.82E-04 7.68E-09

0™  SMALL-SIGNAL CHARAGTERISTICS

0 VisWI = 3.369D+00

0  INPUT RESISTANGE AT VI = 1.000D+20

¢ OUTPUT RESISTANCE AT V(5) = 1.1480403
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CMOS FEEDBACK AMP

VOD 105V

V8590 -5V

M4 2211 PMOS W=20U L=1U

11 23 100UA

M5 3 39 9 NMOS W=20U L=1U

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

M1 1469 NMOS W=40U L=1U

M2 5 76 9 NMOS W=40U L=1U

M3 521 1 PMOS W=2aU L=1U

M8 1 589 NMOS W=40U L=1U

M7 & 3.0 9 NMOS W=40U L=1Ul

RF 8 7 20K

RE 70 1K

Vianoy

TEVE W

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 CUT=80

OP
END
0"*  SMALL SIGNAL BIAS SOLUTION
MODE VOLTAGE

(1) 50000 (2) 36341 (3) -3.7989 ({ 4} -0.0000

{5) 14134 (6) -10776 (7) 00096 ( B) 0.2016

{ 9) -5.0000

0*** MOSFETS

0 M4 Ms M6 M1 M2 M3 M8
OMODEL PMOS NMOS NMOS NMGS NMOS PMOS  NMOS

iD  -1.00E-G4 1.00E-04 2.16E-04 1.09E-04 1.06E-04 -1.06E-04 2.33E-04

ViGS -1.366

1.201 1.201 1.078 1087 -1.366 1.212
VDS -1.366 1.201 3822 6078 2491 3587 4.708
VBS 0000 0000 0000 3922 -3922 0000 -5202
VTH 0800 0800 0800 0.BO0 0.800 -0.B00 0.800
VDSAT 0585 0.401 0.401 0278 0287 .0586 0412

GM  3.54E-04 4.99E-04 1.0BE-03 7.8BE-04 741E-04 3.76E-04 1,13E-03
GDS 2.68E-06 2.90E-06 5.79E-06 2.77E-06 2.97E-06 2.88E-06 6.10E-06

0 M7
OMODEL NMOS
iD 223604
NACE] 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@l = 1.6620+01

0  INPUT RESISTANCE AT VI = 1,000D+20

0 OUTPUT RESISTANCE AT V(8) = 1.7070+02
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(‘L) G 1s the controlled source..

RfMt( M:o) = Yoyt o
R tshort) = (foill for) @ +1) Gme.
R(opeu) =0

4R shore)

Roue, = Rone( Guy =0 )HR(DPW)

= (Yo, T To2) L + (Tod tTOZ.) {A4\) %wn-
L0
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The output. is Short
Uy, = Guna (Ut - V) (Yo U Tor)
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MG (Yo ] Toz.)

Page 7

(short) == FalYorl[1oz)
R J=aprm ek

R( =0 (U=
TZPZBQM )o Ux=0 whew the. output:
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I+ R{open)
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