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Homework Assignment No. 3 - Solutions

Problem 1 - (10 points) (Prob. 7.1 of 3" and 4" edition)

@Transistor Porameters are
Y = _%:'209)( E2=10.4¢

{
O= H =318 PS
Cn‘*cu'-:ﬁm'f—r— 5 *31¥=6.12 pF
:- Cl‘t—"—'é,l—o-; =58 PF
CM"C"“?“‘RL) Cju.
=1+ 35“" ) x0.3 =176 pF

In £7.12)
L]

‘f 4 Swo+3ootlo4oo |0
-3i8 2T (5500 +300)x10400 53+10.b
= .94 MHz Mz

Lb) F'rom (1. 2’7)

B=—
R=(Rg+‘rb)// Vi
= 5300l 10400 = 3511 %

L e L
3000%0.3 * 3511 x58 * 3p0ox5%

+ 2T x 500 x IO‘)

= ~(11 o4 +0.57+3.4) %10 Lo

= -43.6 x10° md/;ec
= -693 MHz

COMMON EMITTER GAIN STAGE
VCC 108V
AL t 23K
Q1230 NPN
RS 435K
V140 0.7696 AC
RGP
PLOT AC VDB(2}
PLOT AC VP(2)
AC DEC 10 100K 1GIG
MODEL NPN NPN IS=1E-16A BF=200
+ RB=300 CJC=0.3PF CJS$~0 TF=302PS
* ASSUME CJE SMALL COMPARED TO CB
OPTIONS NOPAGE NOMOD
WIDTH OUT=60
opP
£ND

0™** BIPOLAR JUNCTION TRANSISTORS

0 at

OMODEL NPN
18 2.50E-06
Ic S501E-04
VBE 0.757
vBC -2.740
VCE 3.497
BETADC  200.000
GM 1.94E02
RPI  1.03E+04
RX 3.00E+02
RO 1.00E+12
CP|  5B5E-12
cMu 1.81E-13
CBX  0.00E+00
CCS  -0.00E+00
BETAAC 200.000
FT  5.11E+08

0™ SMALL-SIGNAL CHARACTERISTICS

0 V(2 =-3.840D+01

0 INPUT RESISTANCE AT VI = 1.563D+04

0 OUTPUT AESISTANCE AT V(2) = 3.0000+03

0= AC ANALYSIS
FREQ  VDB(2)
-4.0D+01 -20D+0t 0.0D+00 2.0D+01 4.00+01

1.000D405 3.168D+01 .

1.258D+05 3.168D+01 .

1.5850+05 3.167D+01 ,

1.995D+05 3.166D+01 .

2.512D406 3.165D+01 .

3.162D+05 3.163D+01 ,

3.881D406 2.1600+01

5.012D+06 3.154D401 .

6.310D+05 3.148D+01 .

7.9430+05 3.133D+01 .

1.000D+06 3.114D+01

1.2590+06 3.085D+01 .

1.5850+06 3.043D+01 .

1.995D406 29830401,

2.512D406 2.9030401 ,

3.162D+06 2.800D+01 . . . .
3.981D+06 2.674D401, . . ot
5.012D+06 25290401 . . . -t
6.310D+06 2.367D+01 . . . Lt
7.943D+06 2.1930+01 . - . A
1.0000+07 20110401 . . . *
1.259D+07 1.822D0401 , . . *,
1.585D+07 1.629D4+01. . . *.
1.995D+07 1.434D401 . - . ',
2.512D0+07 1.237D4+01 _ . . *
3.162D0+07 1.038Ds0t%, . .t
3.981D+07 8.391D+00 . . .ot
5.0120+07 6.3920400 . . Lt
6.310D+07 4.3880400 . . -
7.843D+07 2.377D+00 . . Lt
1.000D+08 3.558D-01 . . *
1.259D+08 -1.6790+00 . . *.
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1~ Cond o

1.5850+08 -3.7340+00 . . ‘. .
1.9950+08 -5.8210400 . . R -
2.512D408 -7 9550+00 . .ot .
3.162D0+08 -1.016D+01 . .o
3.981D+08-1.247D+01 . .t

5.0120408 -1.4310+01 . .t

6.3100408 -1.7540401 . Lt

7.9430408 -2.037D401 . ‘

1.0000+09 -2.3430D+01 . .

Y
0" AG ANALYSIS
FREQ VP(2)

0.0D+00 5.0D+01 1.0D402 150402

1.000D+05 1.778D+02 .
1.259D405 1.774D+02 .
1.585D+05 1.767D+02
19950405 1.758D+02 .
25120405 1.7470+02.
3.1620+05 1.734D+02 .
3.881D+06 1.717D+02 .

5012005 1.6960+02 . : . I
6.310D+06 1.670D+02 . : i Lo

79430405 1.637D4+02 ., . . Lt
1.0000+06 1.598D+02 . . . L
1.259D+06 1552D+02 . . . N
1.585D+06 1.498D+02, . . *
1.995D+08 1.437D+02. . . .
25120406 1.372D0402. . B .
3.1620+06 1.306D+02 . . . .
3.581D+06 1.2420+02 . . Lo
5.012D+08 1.182D402. . o
6.3100406 1.130D+02 . . -
7.043D+06 1.084D+02 . . .t
1.000D+07 1.0460+02 . . -~
1.2580+07 1.013D+02. . *
1.585D+07 9.865D+01 . . *
1.985D+07 98.6370+01 . . e
2.512D+07 9.440D401 . . *.
3.1620+07 8.267D+01 . . .
3.981D+07 9.106D401 . . ’.
5.012D+07 8.952D+01. . ..
6.3100407 8.7950+01 . . t.
7.843D+07 8.627D+01 . . *
1.00004+08 8.4400+01 , - v
1.2680+08 8.225D+01 . . Rl
1.5850+08 7.9710+01 . .t
1.995D+08 7.6670+01. .

2512D+08 7.304D+01. Lot

3.162D+08 6.868D+01 . LT

3.981D408 63560401 . Lt

§5.0120+08 5.765D+01 . Wt

6.310D+08 5.105D+04 . *

7.943D408 4.3960+01 . ..

1.0000+00 3.666D401 . '

200402

LI B

* DOMINANT POLE @ {DC PHASE - 45 DEGREES) = 136 DEGREES

* DOMINANT POLE = 2.5 MEGAHERTZ

* SECOND POLE @ {DC PHASE - 135 DEGREES) =

* SECOND POLE = 794 MEGARERTZ

45 DEGREES
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l+ il‘:‘.__' ‘+
)1
Y, v OV

R=(Rs+‘rb)” Y
Zx:
v= U __R
Zutg g ywhere “x=res
RYU
GmUi= R+(++RCes) =L
?MRCJ‘-
+RCes + RCusS
4=T,+ImY,
. L _*FT'- = _“_-!Ié + WU
“Z," U T v
:_'&_{_ gMRCMS
But %}5- X~ CuS , because Cax>>Cu
Palt r\.o-L. { Ef. ' A
Z~ g5l reaten 30 3)
J— —0
C
IR C C «—2Z,
JolE K
(I +5)7,
©
Cu=0.3pF
1AL
ImRCy= 2 Xxe,3 =203 PF
(+ Cu.) -—(H' )§1= {osT] L

L0M

iK 10K ook M
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7.8
t lou) -Fm%,
lrg:____ ?mRL
Vi rw."‘Rs
—_ _5ak 5000 -
Eak+swok 26 bs.3

Zavo volue time constant

Rco= Yall (Rs+1%)
=5, 2kjflok=3,42 K R

Rﬁ"“ =Ryo+RL + $mR Ryo
=3.4245+ 392 3 49
=666 K2

Reso=RL=5k

Cp+C =_ﬁ_-n_

TUTMT anfs l
= = (0.2 pF

X x26x6p0x10°

Llr=lopF

G Rype=10x9%.42 = 34.2 ns
CuRpuo=0.2%666= 13%.2 nS
CeaReso= x5 =5ns

S To=34.24133.2+5 =14 nS

. |
T gezy = 2923 MHz
7.9
Gy —2m
l+ 9mRe

= 4 ! - ~3
=3 —l:_*"—- 55— =3.01x10° ‘%

R{ TTL(H‘ &Re)
=&, 1C\+3—°i1) 5.2k

v o R ”
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Yo o _ R
‘U.;: Rs-l-g Gm -

- 65.2 =)

= m%mra.o?xw x 5voe

= —-{3.31
R}LO=RX+RL+C|MRX‘2L.

Bx= E\.“ Q‘S"‘lD“éS- 2=9, é?‘kﬂ

5 Ruo=8.67+5 +3.07x 5x8.49
=147 KT
5 CuRue= 0.2 X147 = 294 WS
CCSRCSo" Ixs =5ns

Yl RstYutRe
=Vl e 1+ 9w Re
=5, \0+0.% - n
52k| |4 300 K .701
.26

CrRyo= 10 x0. 70‘1 109 ns
, ETo=294 t549.00= 41.49ns

.’ J
. f—%dﬁsﬁ" = 3.84 MWz
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Problem 5 — (10 points)

Find the midband voltage gain and the —3dB frequency in Hertz for the circuit shown.

R1=1kQ C2=1pF ,
I °
+ +

_ 100\Y/ 10k 10pF ] oM

—0
SO2E1P3
Solution

The midband gain is given as,

Vo  (10kQ)[10kQ
v— =-\T00 = -90.91V/V

i 11k
To find the —3dB frequency requires finding the 3 open-circuit time constants.
Ry

RCIO = 1k10kQ = 0.9091k 2 - RCIOCI = 0.9091-10ns =
9.09ns

Reay:

=i(Rc1o + R3 + 0.01Rc10R3)

S02E183

RC20 = RCIO + R3 + 0.01RC10R3

= 0.9091
10(140.01-909.1)kQ = 101.82kQ2

RCZOCZ = 101821115 -_-'10'1.82118

Reag:
RC30 = 10k€2 — Rc30C3 = 10:-10ns = 100ns
1
2Ty = (9.091 + 101.82 + 100)ns = 210.91ns > O3p=3o = 4.74x100 rad/s
0
4.74x106

f—3dB =T =754.6kHz



