v

@ %- 0R, . ,_1OR,
v, 10R,+R, ™ 10R,+R,

or, 20 log 826 =18.3 dB

v R
T i S P
O S "R N OREE,

=05x10x05=235VNV
or,20log 2.5=8 dB
Uy _ R,/10 A i R0
v, (RID)+R, ™ (R,/I0}+R,

f |
=1 cioxL=0083vrv
1 1

or 20 log 0.083 =-21.6dB

(c)



= 10mY

i
! er
10kN

-

i
1
1
— ‘
L
]
- Stage |

Required overall voltage gain =2 V/10 mV = 200 V/V.
Each stage is capable of providing a maximum voliage
gain of 10 (the open-circuit gain value). For n stages in
cascade the maximum (unattainable) voltage gain in
10", We thus see that we need at least 3 stages. For
3 stages, the overall voltage gain obtained is

v 10 10 10 |

— = % 10 10 % —— .-

v, 10410 T+10 TS [ Fikans 7%
= 206.6 V/V

Thus, three stages suffice and provide a gain slightly
larger than required. The output voltage actually obtained
is 10 mV x 2066 =207V,

1.53
R, = 10k

() Required voltage gain = e )
’l

=3V _ 300 vV
001V



(c) If (A, u) has its peak value limited to S V, the larg-
est value of R, is found from

Ry
RI. + Ri
(If K, were greater than this value, the output voltage
across K, would be less than 3 V)

3 X

=3 = Rr"%”{,“ﬁ‘&? ()

1.54
'";=Imm E'-zmu

10

{ﬁ]‘ :"Q'I: I.D mvxm

=303 mV

1'-;303]11\”:
(b) 2 10mv 303 VIV

Y _ 1D »
l.t:li:r IﬂOOx—-—u_lm+2m 3333 WY

(d)

Connect a resistance R, in parallel with the input and
select its value from
(R, IIR)
(R, IIR,)+R,

R,
R,+R,

-l
2

R =2 :ﬁ-':.l.g?.
Bt 7 [P i Sk




G
— --—+a—lr=—-'—
“ROR D
! .
Re=gai—o1 '8
1.55

RS RS
10 ki m?;"

i R
(a) Current gun = A
i

K,
EA.\“ H¢+RL
10
M |

A
—] - = % dB
90.9 7 39.2

(b) Valtage gain = -2

1

=09 VIV=-09 dB

(¢) Power gain=A = L"-‘-’
v,

=09 x %909
=81.8 W/W=19.1dB



G, = 40 mASY
R, =20 k2
Ri‘.. = | kil

=Y,

Overall voltage gain = Y = 19.05 VIV
o,

1.58

Vi =Vx
A
"R

ix =iRi +gmvi :Vx/Ri +gmvx
= Rin :Vx/ix =Ri ”1/gm



1.67 Using the voltage divider rule,

LS

V, Z;+R,
i I
1+R)Y,

1l

| ) |/[|+%:]

1+%!+JC,R, 1+ G R,

I l+__|'
R,
| 1
TR R.R
T |
“”RJ ch'[R,-d-RJ
R, |

SR AR 1+SCAR TR,

This transfer function is of the STC low-pass type
with a dc gain K =R /(R +R,) and o 3-dB fre-
quency @y = 1/C(R I R,).



For R, = 20 k€2, R, = 80 k€2, and €, = 5 pF,

ay = 1!0 = = 1.25 % 10 rad/s
=
% 10’
Sx 107 30480
fo= B o 125X10T ) gy,
2 23

1.70 The given measured data indicate that this ampli-
fier has a low- -pass STC frequency response with a low-
fraqu:ncy gain of 40 dB, and a 3-dB frequency of
10* Hz. From our knowledge of the Bode plots for
low-pass STC petworks (Figure . . .) we can complete
the Table entries and sketch the ampliﬁn' frequency
response,

71, dB

f

“ {
A IS
W : : L% : - 20 dB/decade
| | i
| | i
0 [t g s g
I | I
| | I
10 |- | | I
I | |
I
D |
0 10 100 100 10° 100/ (g
f{Hz) I7] (d8} £ T (degrees)
1000 40 -5 7°
10 37 ~45°
10 20 ~84.3°

10° 0 00"



1.72 Since the overall transfer function is that of three
identical STC LP circuits in cascade (but with no load-
ing effects since the buffer amplifiers have input and
zero output resistances) the overall gain will drop by
3 dB below the value at de at the frequency for which
the gain of each STC circwat is 1 dB down. This fre-
quency 1s found as follows: The transfer function of
each STC circuit is

T(s) =
142
),
where
Thus,

TG = ——

1«|+(E
@

|

I+[2¢$)'

F |
=1+(M) = 10"
a,

= -]

20 log

45 = 0.5] oy
W, =051/CR



Since when C is connected the 3-dB frequency is
reduced by a large factor, the value of € must be much
larger than whatever parnsitic capacitance originally
existed at node A (1.e., between A and ground), Further-
more, it must be that C is now the dominant determinant
of the amplifier 3-dB frequency (i.e., it is dominating
over whatever may be happening at node B or any-
where else in the amplifier). Thus, we can write

1
2rC(R,, I R;)

I
2% 150 10" % 1 x 107
= 1.06 k2

Now R, = 100 kQ,

Thus R, = 1.07 kQ
Similarly, for node B,

150 kHz =

= {Rul #Rﬂ) -

- |
e 2nC(R,; I R;5)



|
2rx15x107x 1% 107

= 10,6 kQ
R.=119kQ

=R, IR5=

She should connect a capacitor of value C,, 1o node B
where C, can be found from,

10 kHz = !

zn{'.p{Rn! #Ri!}
= . = 1

2rx 10 % 10" x 10,6 x 10°
= 1.5 nF

Note that if she chooses 10 use node A she would need
to connect a capacitor 10 time larger!

1.75
ﬁ“, .
I k() N
'Rl

For the input circuit, the comer frequency fy, 18 found
from

for = g
" 2RC, (R +R)

For fi, < 100 Hz,
|
27C,(10+ 100) x 10°

1
2ax 110 % 10" % 10°

< 100

=2 =44%10™"

Thus we select €, =1x 10" F=0.1 4uF. The scrual
comner frequency resulting from €, will be



For = - . = 145 Hy
2ax10 "x110x 10

For fu, < 100 Hz,
|
2aC,(1+ 1) x 10°

I
2ax2x10° % 10°

Select €y = 1 % 10 =1 uF

< 100

=0D8x10°

=2

This will place the corner frequency at

for= - 5 = 80 Hz
2x 10" x2%x 10
T(s)= R K—  %100x Ry >
Ri+R, S+, R.+R, s+ay,

L.77

V.(s) 1/3sC, |
TJ.Lt} = = =

Vi(s) W/sCi+#R, sCR+1 3
3dB frequency=— —=—1___ 159 g,

2xC,R,  2x10710°

For T,(s). the following equivalent circuit can be used:

c
;g
I
G“R;V; Vp RJ

Ry
Rz#‘.ﬂ,“" I!’lc:

Tn{-t} = -GHR:

3
1
R Ry)

= -G (R IR,)



|
28C,(R; + Ry)

3 dB frequency =

a h = 53 Hz
2100 x 107 x 30 x 10

i Tt_ ¥ } = Tf{ir] T;(‘r}

| i
= 6667
1+ 3 " x;+[2nx51]

2% 159 % 10’

+ 20 dLsdecade —20 dB/decade

7/ sinz 16 kHz >
Bandwidth = 16 kHz - 53 Hz = 16 kHz

179 Using the voltage-divider rule we obtain

i PR
where

! 1
Zi=R\jl— and Zy=R,l—.
! . J"JC| ! ’ . ”J{—‘:
It is obviously more convenient to work in terms of
admittances, Therefore we express V_/V, in the alter-
nate {form
Y, +Y,

and substitute ¥, = (1/R,)+35C, and ¥; = (1/Ry) +
$C5 10 obtain

Y,
\{

-]-+s{'.‘1

R,
Ll sucaed
R, R,

-
V.,



s I

V., € CiR,
vi - CI“"CJ 1 l l)
YT+ r:,}(ﬁ. TR

This transfer function will be independent of frequency
() if the second factor reduces to umity. This in turn

will happen if

A (L + J.,)
Cl”' CI * Cl RJ R:
which can be simplified as follows
C+C, | | ]
C: R'(R. *E h
Cy _ R,

I+==]4=
CI RJ

CyRy = 4R,

When this condition applies, the attenuator is said 1o be
compensated, and its transfer function is given by

v,

-—
el

V, C,+0Cs

which, using Eq. (1) above can be expressed in the
alternate form

i %
R, R+ R,
W
R,

Thus when the attenuator is compensated (C\R, =
CyRy) its transmission can be determined either by its
twao resistors &), R, or by its two capacitors. C,, G, and
the transmission is #of a function of frequency,

Y a
Vi



l.ﬂl HH”- FHH_ V;"!EP“‘ - l.? = l'ﬁ' v
NMy=Vy =V =13-0 =13V

1.82
v, (V)

Vo
4

0.5

0.5 1.5 23
206V

(8) NMy=Vyy=Vyu=4=25=15V
NM =V =Vg=15-05=1V
(b) In the transition region
Vo=4-3.%V,-15)
=925-3.5Y;

If
Vﬂ = V, —] 4.5Vﬂ =025

1"’5= 1'}=2.136 1"lr
(c) Slope=~3.5 V/V
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(%I;:E'Blmﬁ
5 % Ve
Mﬁ‘i Im A
m
~Vi
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current
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conIT,



\«’;H-. ‘l'uan c'}.l;bcl-ﬂ& ;n Pﬂl‘ﬂ“-l.l, the

curreat sp{;{'a between each diode
so that the diedas each hay half

the current

- ‘n"l.,’n"h
z e

/2 - e"‘nw
xI

Tha ﬁk.,njc " voH-aat =

AV = va -V, = v, In(-‘.g) = =13 3my

326

1



Gwan For etackh diod< S comnt .

: v favdr =
e Tce | = ioxio 2 = Lee -
A /nxo0 025
100 X0 = Lg 2 o
o1 /a(o-025
®/o i =& >
n= 1-F37F

v Vo=V = nVr t'\(h‘f’i-) : Bomv

*33% (E.Sxtn'a) in (u_'“—"'b: L') = %0
Lz I-4mh
R = Sﬂfil = l%,q = S?I-Q.

336
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Lo+ @5
UB Loy
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. , Upp =\Jpy
oo Lp =lpr= Lp € "r

. = D»

- l} Qi#ﬂiﬂif

= 7389 mb
So oo s 22 e p90i0
3-46
@5 3V

oiig

—o Y=-=3%0-3 = 2.3V

v IT= 23 ¥ 23
1O

‘5\{ = 0'533 mﬁ

(b aN

len-% —0 V= 3-100):'-'_:‘31{

tw»s’r% b T=0A

-3y




£ boereum
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2l =D ‘G3mA
3—-0:3F =23V
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Cleeo T

To fud i savall - s'ujm,t respomel,
Vo, open thg 4&¢ ewrrvent seunce T
“id short the capattovs G and
C

Ales feplace e desdo Wt

o ST .-mana‘. Vs baun e
QL‘-* h\]‘r n=2

= ol
Nouwy
Jo = Uy Jd

ﬁﬂ?;
Mg S
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—— Us =14V+
L = 2mA Vo
+o
A

condT,



For o load ecunnank of Z to Fmh, T
must”  be ﬂrm’rtr Hanm Fmh. Thos
He S mA souvcr weold not d o .

We are LEY o choose halusmn e
10 and 1S mA souras. The 15 mA

seuYa Frnvi‘!ﬂﬂ lowsie oad vaaolabienA

becavse Ha diodis will have wmeorve

ewrrent Clumimﬂ 1"\!*&1;3!—. tHuna at all b
s is shown helow :

Load ’Eﬂdu‘d.l'u-:l&. 1E T-iomb

a 6““/1-11' e
Loy zdisdae s

Use Loz

h"/own?..
oo € = 3/' I o E;/m

AV = —120mV 4o =22 3m\

:-mlcu_alr_l*op.ukm.éph.la

=120 = (-212-3) =z~ —10om\/

Kood Replahorn = Mo =100
¥, &

=20 mV__
[ ]




Load 'Rnau'ml:\:ma. o LT = 15mb .
Hs  cwrvent %raujk e dwdrio

Neae
t::.n.j-l Fow % 4o 12 mh -cn-vr-ufmt[rj

AVe = O-| In (s-/l'_';.)

= ~49ml/

_ ~4
f"d ﬂaufnl-tmd = '—HSL ’l"x"fﬂﬁ‘l\/

mA .

The obviouvs dmduaﬂ{ﬂj"l ﬂJ u.t.'f Haa
15 m A w”'J s e wr'tml.a?
kau' current and Lnj‘wr POy
dmmjoah;m .

o

Alderrale solohow p& Lme?-.aohm
us'mﬁm sraall sgval odal

opan -
currest +

s.n-uru_"-.--: Li=2te Tmh or 4S5t 2. |mh

= U-n

—
=3




Load Rﬁﬁuh‘n.-nn = T 22 c-2ak

l'\}l‘-‘-l“'-l "ft\lu-ﬁi tuw.:nt In = 0-4-5 for
'H"-'- om b SeUvree .

=> AVo . - :
V2 = “2XZXBOIS . _igp my
L lD-q.s— A mA

Fov 15 mfi seuvra o= IS5S~y4.5

AVo & D.| i '?;S‘.U
AT, 15§ o

Sketch ol ®otpot:-
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