Electronic Circuit Analysis and Design. 2™ edition

Solutions Manual

Exercise Solutions

Ell.l

Ve=V, =V,

=2 + 0.005 sin wt — (0.5 — 0.005 sin wi)

= Vy = 1.5 +0.010sin wt (V)

Wi + V3
em = T

_ 2+ 0.005sinwt + 0.5 = 0.005sin wt

2
> Vem=125V
Ell.2
VE = —-Vgs(nn) = UEg = -0.7TV

Ier = Icz =053 mA
ver = wer = 10 = (0.3)(10}
Sr=renp=5V

EIL3
Forn =vr =+4 V

= Mimmum voy = vez =4V

Ic;=fcz=£g-=lmA

2
Rc:loll—i#Rg:Gkﬂ
Ell4
ics 1

= vg==119.5 mV

Ell.6

a wn=m=0=pw=07YV
AVre = (0.25)(8) =2V

= rvop=ver==-3V
S>rpe =37V

Chapter 11

b r=w=235Va2rEp=32V

> vpp =62V
e m=m==25Varpyp=-18V

= VECL = 1.2V

Ell.7

Let £, = 1mA, then log = Iop, =05 md

0.5
= =———=1923mA/V
gllll glll! 0026

At v,
v 1
d vd zgu 2

So, 150= %{19.23)}%,:2 = Ry, =156k

At v,
v 1
Aj=-=—-—g R,
v, 2

So, -100= —%{19.23)1{., = R, =104iQ
IEV* =+10V and ¥~ =-10F, dc biasing is OK.
Ell8

a. Diff. Gain Ag = {Sﬁ
4Vr

Por v = 11y = 5 V = Minimum collector voltage
voz =5V
=>v£2a—-ﬂc=15—-5=10\/
ot g Rc =20 V for max. A4
Then
20
A.;—Wa‘tﬁd!mu!—IQZ
b, Ilg =05 mA, Re =40kD

-(%%)
2Vr

[1+ {1 +ﬁ'!IQRo]
Vrg

A:m -

(3%
Then Aem = [1 + Q;'m]

{0.028)(200)

= Aem = —0.199

and CM RRap = 20log,, (011%)

= CMRR.p = 59.7dB
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E119 vp = (60)(0.01 sin wi) + (0.5){0.5 sin wt)

Forvy=wm=5Vamnvg =vre;=5V = vy = 0.85 sin wt (V)

SoJciRe =10=-5=0.25Rc = Re =20 kDR

b,
_ IgRe _ (0:5)(20) _ _ _
Agd = Ay 4(0 026) = A4 =962 Lﬂ[ 05mAd Py = — g
CMRR.s =95db=> CMRR = 5.62 x 10* = 0.5 + 0.005 sinwt — (0.5 — 0.005 sin wt)
96.2 _a .
I — em| = 1. = 0.0 wi
= Acm szw‘»ia | =171 x 10 1sinw
v = ¥1 + 2
([gﬂc) i 2
2Vr -3 0.5 + 0.005 sin wt + 0.5 = 0.003 sin wt
em| = =1.7T1x10 -
HAam| [l+(1+ﬂ)fqﬂo 2
Vrd =0.5
[go 51!20!]
2(0.026) 171 x 10°0 vo = (60)(0.01 sin w?) + (0.5)(0.5)
14 {201){0. 52Rﬂ = vy =025+ 0.6sinwt (V)
{0.026){200)
s _ 3
1+ 1938 = 1,12 x 10° = Ry = 5.83 x 10° ki EiL1]
=583 M A IBI =!B? . IQ/q L
. ™
We have Ro = roall + gmal Ba|7a)] a+8 15
. = Ig = Ip; = 6.62 uA
m=‘[ﬁ.—.ﬁ=250m L=
Q -
1 0.5 b. r,—&_m_s.Qkﬂ
gm2 = = ——— = 19.2 mA/V Icq 1
Vr 002 Riy=2ry =2(3.9) = 7.3 k0
BV _ (200)(0.026) _ 0 ie e=2r, =2{(3.9) =73
=T T 08 104k § < Va _ 10sinwt (mV)
PSS Ra T 18kQ
5830 = 250[1 + gma{ R2[/r-2)] = [, = 1.28 sinwt [pA)
19.2(Raljre2) = 22.3 -
€ Riem = 2(1 + @) Ry = 2(151)(50) = 15.1 M}
(Rallrez) = 1.16 kQ v T sinwt
Ra(10.4) L= == = 2020 o gy = 0,199 sinwt [iA)
=11 Ricm 15.1 MO}
R +10.4
Ry(10.4 — 1.18) = (1.16){10.4) E1L12
= f3 =1.31 k0
I Let I =1md I£=l+ ‘i-v‘ 1_[Kn ]V:
IgR; -~ LRy = Vrln (-j-!-) Ig 2 219 2IQ
? Using the parameters in Example 11.11,
{0.5)(1.31) = (1) A3 = (0. uzs}ln( 5) K, =05mdiV', I,=1mA, then

=» & = 0,637 k) IDI -050= 05
K Vee(Qa) =0TV 2(1 2(1)

Rl+&=uu'_ml=19.3 Bytnalandeﬂc-r,
- ! v, = 0894 ¥
=> R =18.7k0
E11.10 E11.13
10-7, 2
. M = Agvd + Acmbem I, ="‘""R'EL= u:(ch‘Vm)
Va= iy =y = 0.505 sinwt ~ 0.495 sinwt 10 = Vs = (0.13{80)(Vose — 0.8)?
=0.01sinwt 10 - Vosy = 8(V3s, = 1.6Vipss +0.54)
o = vz 0505 sinwt + 0,495 sin wt 8V3s, — 11.8Vos. —4.88 =0
2 2
2
= 0.50 sin w 11.8 % 1/(11.8)? + 4(8)(4.88)

Vass = =181V

2(8)
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L=lg= % =0.102 mA Ao = ImRo___~(0.342)(6)
3102 1+ 2gmRo 1+ 2(0.342){35)
IDI =ID2— -2——0051 mA :A‘m = --0.0925
=X, V. - - 2.74
Vs Vi)’ CMRR4z = 0log,, <—~—u.ms

- - 2 —
0.051 = 0.050{Vgs —0.8)° = Vg, = 181V = CMRRgp = 29.4 dB

vor = vaz = § — (0.051)(40) = 2.96 V E11.17
Max v, Viog(sat)=Ve, —Vp,
=18l-08=101V

Vemimax) = vg1 — Voo (saf) + Vs

m:l[nz 2K.I, R,
2
CMRRap =60 dB = CMRR = 1000

1
= 2.96 — 101 + 1.81 1000 = 5[1 +2V/2(0.1)(0.2) - Ro
Vom(max) = 3.76 V 2000 =1+ 0.4F,
= R =5 MU

Minv,: Vie(sat)=Vas ~Viy
E11.18

R,=r., +ra!(l+gm4ro4)
Assume [ =1, =100 ud and A=001F"

=181-08=1.01V
vem{min) = Vgq + Vpau(sat) - 5

=1.81+1.01-3 1 1
Vem({min) = ~2.18 V T = = ooy M
—218 < vom £3.76 V Let X, (all devices)=01mA/V?
Then
ElL14 8 = 2K, 1, =2,J{01Y01) =02 mA ¥
g, (max) = fﬂ = ’(ﬂ?)_ -
2 (2) R,, =1000-+1000(1+{0.2)(1000}) = 202 M2

g,(max)=1md/V

A =g R =(1)5)=> 4,=5 =V, = ‘ 1/00 +1=171¥V

EIl15 Vomlsat) =V, —V,,, =171-1=071¥
So
A,=g.Ry )
v, (min) = +4 Vg +V(sat) = 4-171+ 071
= 4 = al ast bs
8=g,(4)= gy(max)=2md/V )3 = oL 10 (089R,

K1, R, =140 40
8’;(“'3-") ek Y . . .
2 For a one-sided output, the differential gain is:
(2) = ( ):‘ K, =2mAlV? 4, =%gul‘RD where g, =2./K1,
E1L16 =2 J(01)(005) = 0141 mA/¥
' i
From Example 11-10, /g = 0.538 mA _5(0‘141)(140):’ A, =987
]K,, I ] 0.1)(0.588 The common-mode gain is:
A== Ro= 0 )'(15) K1, -R, 2(01)(0.1) -(140)
¥ 2 V2 _
e = 1+22K 1, -R, 1+2,2{01){01)-(202000)
t ) = A_, =0000347
For My, R, = = Rq = 85 kD Then

Xelq _ (0.02){0.588)
G =2K (Vo —Vay ) =2(01)(2.71-1}
=0.342 mA/V

CMRR,, =20log,, :«* = CMRR, =29.1dB
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El11.19
o I Ig  _ 0.5

B = G0 +8)  (180}181)
So g =15.3 nA

b. For a balanced condition

= 15.3 nA

Veer = Veca = Vep = Vgea =07V
Veps = Ve = Vg = (10 - 0.7) = (—=0.7)

= Vogr =10V
E11.20
Ig 0.5 .
L= T Toaze - LS mAY
Vaz 125
= oA 222 50
roa Tea 338 500 k)
Vas 85
Tge = Icl = 0.25 = 340 kﬂ

Ad = 2¢;(roz]lror) = 2(4.81){500]|340}

= Ag = 1947

b Ad = 2gs(roal|redd| A )
Aq = 2(4.81)[500]}340]{200]
= Ag =644

e r,= VT (150)(0026) .00

Icq 0.25

Ra=2ry = Riy=31.2k0}

d Ry = 12 "'l'uc = 500“340 = & = 202 k%

Ei1.21
Ag = 2g(razlired)
9 = :"—”,T=;m°"o—gw=1.92m;v
roz=‘—;f:-= %=1200kﬂ
To4 = -;-:—_3—: %=800kﬂ

Ag = 2(1.92)(1200{)800) = A, = 1843

El1.22

P=(Iy+ I )(5-(-5))

10= (00 + Ioge 10} = Tpge =09 mA

R=3707=09 93 g o3k
- 09 ——
Ter
IRy =V,
Iﬂ
0026, {09
Rg= -?l'—ln(-d"l-):) Ry =057T1102

Solutions Manual

=== —-25MQ
I, 005
V. 85
= =-——= 1.7 MQ
* I s
0.05

g, =——=1923mAlV
0026

Ay = go(rallR.) = (1.923)(2500"170@490) =
A, =159

23

a. Ro = roafjros

120
ro3 = ﬁ =12 MQ
80
Toa = 0—:1.- = 0.8 Mﬂ
Ro =1.2§j0.8 = Ry = 0.48 MQ

b, Ag{open circuit) = 2g;(roz]jrad)

Aa{with load) = 2g4(roz|redl[R2)
For Ag(with load) = %Ad(open cireuit)

= RL = (ru:ﬂfo.‘) = RE = .48 M}

Ell1.24

Ad=2 Z—KL_}_
ulﬂ ("11""14)
-2 ,2(0.1)_ 1 -
01 (0.01+0015)

A, =113
E11.25

Por the MOSFET, Ip = 25 pA

25 =20(Vgs ~1)° = Vags =212V
Zur = 2K (Vg = V) = 220} 212 1)
= gmy — 448 gA/V, rp =00

Por the Bipolar, Ig = 100 — 25 = 75 A

Izq 0.073 =
_leqg _ T8
§m2 = T = 0.026

= gmz =288 mA/V., 1z =20

c _ gml!l -+ gmzfvr:]
Im =
(1 +§mlfr)

_ (44.8)[1 + {2.88)(34.7}]
T 71 + (0.0448)(34.T)
_ {44.8)(100.9)
- 2.55

= g% = L.7TmA/V

Tr2
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E11.26 e = VT _ “2‘”(2"*“25 = 1.56 kQ

i
From Figure 11.41 ce

Ris = tea +{1 + §} Ry = 1.56 + (121)(3)
= 607 k)

Thea

Rir = Ren||Res = 694)|607 = 324 k2

Tog = -82_- = 160 k2
0.5

Ro = Fros = (150)(160) kQ = Rp = 24 MQ
From Figure 11.42
1

1
ras—m—mz‘-mg:lﬁﬂkﬂ

05=05Vos -1 = Vos =2V
8o = 2K, (Vos Vg ) = 20052 -1) = 1mA /Y
Topy = 160 kﬂ

Then

={2a = |05
A= (zvr)ﬂ” - {2(0-026)][324]

= A, = 3115

ws + &
Ro = (gme)(ros)(dras} = (LH160){130)(160) Bo = & " (rll+ 8 )
= RG = }. 540 MQ z = RCU”RC?
v, 120
Ei1.27 Rc.-=}-§=5—3-=240 k2

From Equation (11.103)

Z = 694|240 = 178 k2
_ 21 +8)8Vr _ 2(121)(120)(0.026) I

R, = - 1.56 + 178
Ta 0.5 Ro=3 ” (-.—1-2"-'1-——) = 5[j1.48
= R =151 MD
e = Ry = 1.14 k2
\Z 203{0. )
for1 = g—ql= (—1--0—)0{-%ﬂ=6.24 k0 E11.28
R = repn||R3 = 6.24[|0.1 = 0.0984 kD2 Av = (-;J‘;—) Rer
T
_fg _ 05 _
gmin = L = 5ooe =193 mA/V 10° = (2 00.0526 )RL.-
Va 120 {0.026)
= — = 240 k1

L P = Ri; =104k
Then
Recu = rony (1 +9muR's)

= 2401 + (19.23)(0.0984)]

= 694 k}



Electronic Circuit Analysis and Design, 2™ edition

El11.29

-0.7—{-10 .
o R <= (=10 _ 193

ler=lca=01mA > fq =0.2 mA
Vr I _ 0.026 Q.6
R"E"“(Iq) =%z mn (o.z)

=>Rg=143§1
fre=Th =06mA =R =0

Var = Vep + Ve =4—-07=33V

- J. 7
Rc=10 33:%—1-——>R£=67k9

Iz
Vee = Voo —2VBe =3.3-2(07) =13 V
1.9 1.9
= e = — = 3.17
R, Im 6 = 3.17 k1

Via=Vesi +VEa =3+19=49

10 —-4.9 5.1
Re=tT o= o By =83k
V55=%;—V53=4.9—0.7=4.2
4.2-0.T 35
R, < L=(=10) _ 10

Ry =2k
Irr 5 a.—l.-._._ﬂ

Solutions Manual

— a— 3
T 76 = f =322k0

b. Rz = rey + {1+ 8)ree

& - {100}{0.026)

i = T 08 =4.33 k(¥
~ 82V _ (100)*(0.026)
ey = IRII = 0.5 = 433 k{2

Ri2 = 433 + (101){4.33) = R.; = 870 kD
Riz =rps 4 (14 B)[Rq +rrs + (1 + 3} Rr]

AVr  (100)(0.026)

fn-s=r—m"= m—EE——=4.33kﬂ
rg = BvT _ (100)(6.026) 000
ITpr 5

Riy = 4.33 4+ (101)[5.83 + 0.52 + {101)(2)]
= Ry =21.0 MO

C. A = Aq - Az - Ax

Aa = gi(Rel|Ri2)

=29 0% __ v
9= W = Taam = Ry

A = (1.92)(67|870) = 119

IR 0.6 _
Ay = (M) B = W{E.S} = 98.1

Aa=1
Aq = (119)(98.1}{1)
= Aq=11,674
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Chapter 11
Problem Solutions 113
11.1
a le=Icy+lce=4ma= (87
Rg

SORE=%2=2I¢Q=RE

Then

16 — ¥; 16 =
Ro= — =2 28=>RE=4kﬂ

Ieca
b. Neglecting base currants
16 = [cRc + Veps +2IcRg - 8.7

Vom = 24.7 — [c(Rc + 2Rg) = 24.7 — [c(8)
Forlc =2 mA, Vepg =8.TV

Celmd)
387

g7 “.
ch 7

¢. Vem(max) for Vea =0 = vom(max) =8 V

vem(min} for Q1 and Q2 at edge of cutoff
= v.m{min) = -3V
11.2
P=(L+1 )V -V)

L=zl so
12=21(6)= I,=1.,=01mA

_3-07-(-3) _
R"—o_l = R =53k

For v, =+1V =V, =¥V, =1V =

RC=3—T—1= Rc=40m

0.05
One-sided output
A =—1ng‘_. where g, =.9_:9.§_=1923,,,,4/V
R R "T 0026
Then

A, =%(1_923)(40):> A, =385

11.4

- 2(0.7
o I o= 20D

= 35 Il = 1.0l mA
I 1.01
fea = 12 = 7
1 1+
YY) (160)(101)

= [c; =1.01 mA

Iy = EE- (m .#Igggﬂ.sﬂmf\
101 2

Veg: = (0 - G.T) - (—5) = ng =43V
Vepe =[5—=(0.5)(2)] = (—0.7T) = Vepy =47V

b. PForVep =253V=2Veou=-0T+25=
5-118

= Ig‘ =16 mA

Ioz + (1—;—”) (2ce) = (%) (2)(1.6)

= Io; =323 mA
Iy = fcp =323 mA

R = 020D

= = 2.66 k{1
3.23 u-——‘-

Ic¢ =

a. 0=107+ %{2)-{—13(35)—5

5—0.7
Is=Frr=~a=000ml

Ien =Ica = (1—_'3-5) (%‘l) - (%) (g_%g_ll

Or Joy = Igg = 0.0248 mA

Ver = Vem =[5 — fe:(100}] - (-0.T)
SoVem =Vom = 3.2z V

b.  vem(max) for Vop = 0 and

Ve =5-Ic(100) =252V
S0 vem(max} =252V _
Vem{min) for Q1 and Q2 at the edge of cutoff

= Vem(min) = -43V

{c) Differential-mode half circuits
ey, +[§'—+g.r.)-fe.,

2
- V,[H ¢ :‘ﬂ) RE]

18V

)
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Then
V - -(Vl/z)
1+MRlr

L

- 1 AR
Yo = 8 Re = 4, 2 r,+(1+ AR,

5, _ (190)(0026)

= =105 k2
I 0.0248
Then
00)(100
a4, =L 100000, s
2 10s+(101)2) ——=
115

a8 L {my —res)=0
ii. ey =1Icz=1mA
Moy = Vo2 = [V+ "ICIRC!] - [V+ - Iczﬂcz]

= Ic(Rca — Rer) = (13(7.9 - §)
=y —wy=-—01V

b. = {Iq + Is2)exp ( ")
Vr
vegy _ 2x 10~
Se “"( Vr ) T10-8 1.1 x10-13

=9.524 x 10°

Iy = Isyexp ( 7 ) (1073} (9.524 x 10%)

= Ic1 =0.952 mA
Iz = (1.1 x 1071 {9.524 x 107)
= o7 = 1.048 mA

L vwn —we =InRes - IcaRer

= v — voz = (1.048 — 0.952)(8)
= vy — iy =0.768 V

B o1 — toz = (1.048)(7.5) — {0.952)(8)

voy - vor = 8.279 - 7.5616
= vg) — vor = 0.663 V

Solutions Manual

11.6

Prom Equadon (11.12(b)}
{g
14 ealvr
1
1+ ewalvr

igy =

0.99 =

1
eV = L _ 1 =
Soe XT) 1 =4q.111

rg = Vrin{0.111) = (0.026)1n {0.111)
= py = =0.0571 V

For v, =35V and a maximum peak-to-peak
swing in the output voltage of 2V, we need the
quiescent collector voltage to be
V.=35+1=45F

Assume the bias is £10", and [, = 05m4 .
Then [, = 0.25 mA

10-45
Now A= =52s

= R, =22/)

(100)(0.026)
025

In this case, r, = =104 iQ2

Then
__(100)22)
‘7 2104 +05)
For CMRR, =80dB =
iz [ (A0,
"2 rﬂ
1} Lono9R,
(co26)(100) |~
R, =103 MO

Need to use 2 Modified Widlar current source.
'Ra = rv[l +g-!(‘R.l’l p-lr)]

100
¥V, =100V, thenr, --0-.5—" 20002

_ (100){0.026)

- 0.5

g == 1923 mA IV
0026

Then

1030 = 2001+ (1923} R, )| =
Rg\[Ir, =0216 k) = R 52 =

Ry =2250Q

Also let Rp, =2250 and [ =05md

=52k

=101 So gain specification is met.
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1.8 A,z BRe
a.  Forw = 1w = 0 and neglacting base currents 1= Ya _ 2re + Rp)
- BVr  (100)(0.026)
—0.7T={= - TS m——— = 34.7 k{2
R = —L.(TIJS_LOJ‘ = Rg =62 kO r Ieq 0.073
’ !100!!50!

Ag= = Ay=T1.0
b. Using the small-signal oquivalent circuit shown in Fig- 2(34.7+0.5)

ure 11.B, but including the Rp resistors, we have

Ve Vo V. ARc 1
—_— ™ Vo m Vo — i .
- + gmVm + ¢ 2+r, Rz A T Ra 1+2Rs(l+ﬂ)
i+ re+ R
(erl +le)( ‘E) B
b - Ve Voo rp—=Ve Vg _ {100){50) 1
Now Rg+rx T re and Re+7s Tr 34.7 4+ 0.5 1+ 2(52)!101 )
3274+ 0.5
Then = Acm = —0.398
T - =
Vi = (Rs - r,)(”‘ - Vi) CMRRyz = 20108, IO 393‘ = CMRRgg = 45.0 dB

and V2 = (_i_r:;_)(v! - V)

Subsrituting, we find

T 1+ 3 Ve
(m-l'b"z—zve)(-}-is—_‘_—r’)( - ): s

or
(v + 12 _W,)(M) = RVLE

RE + e
Salving for V,,
_ # +
Ve = 24 Ke + 1«
{1+B)Rs

Now wz = —gmVri e

- T -
= ’"'f“-'(n,+f,)"’= Vi)

Substituting for V,,
BB | __ntn
wz_RB'f'fr 24+ Ry +ry
L (1+A8)Re
[ Ry + 1«
-8R "“(”(Hﬂ)ﬂs)""
- RB+f1r 8+ re
2 4 ——
L (1+8)Re
NOWUI—-—Vem‘l'I_;'!'
Vi—”em'?

Substituting and rearanging tecms, we abrain

—ARe
vor =

Ra+re

va

2 14 Rg!l+ﬂ

Rp+re

119

¢ Ria = 2(re+ Ra}
Ria = 2{34.7 + 0.5) = Rig =704 kQ

Common-mode input resistance

Riem = =[re + Rz +2(1 + 8)REe]

i ] L

= 2347405+ 2{101)(62))

= Riom = 6.28 M2

-07-(-10)
025

(a) R, = = R =312/

v .
£
(b) =
2t +gu|V + - +ng.tl =-.-R%
- rl' "
or (1) [Hﬂ V,+Va)= ;——
x E

’
[1] = [] V = X V _If‘
- R3+r,=> " r,+R_.,} V)

4
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=V, =V
Va=W -V, b po o (1000(0028) _oig
Then 0.2

ro{Qs) = —4 =125 kQ

(U[”ﬂl iR V)]

From this, we fmd

8'

r,+R Using the results from problem 11.9, we kave
P+
V.= * SRc _ _ (100)(283) _ , _ g
7, + Ry +l+r,,+R,,] Ag = 2(”_‘_&5) 2(13 + 10) = Ag = 09z
Ri(1+ ) e
A == fRc 1
Now T ret+Re) Mﬂ_ﬁl
V, = =gV R = —8.R(V,-V.) Tet e
We have _{100)(28.5) 1
_ (120)(0.026) 22500, g =225 i imary T B+ ), 212900
" 0.125 T S" o026 13+ 10
@  Set¥ =22 and v,=-Ye = Aem = 0113
2 2
Then
v, 25+05 v _ 62 )
?["[TD (=002 CMRRsp = Wlog, (0.113
25405 25+05 T 2026 = CMRR;z = 34.8dB
(372)(121) 25
So ¢ Ria=2re+Rp)=2013+10)=> Rig =46 kQd
¥V, = -0.00494V,
Now , Ricm = 3lre + R +2(14 8)ro]
V. = -(481)(50) ——L - (-0.00494)F,
o =431 )[ 2 ( ) ‘): = %{134-10 +2(101)(125)]
A,:K'-=n9 = Rim = 12.6 MO
Y,
1111
(@ SetV =V =¥_ From Equaticn (11.18)
Then Vg = vgg = vo1 = gmBRobd
25405 _Ie
v - V“'(“' 25 ) V. (202) =V
©|_25+05 . 25+05] 202567
| (372)(121) 25 Fx Jgm2mA, Jeg=1mA
1
V,=V_(09972) Then gm = gz = 36.46 mA/V
Then Now
v, = {481)(50)[¥. - V.. (09972)] 2 = (38.46)Ro(0.015)
or
A =Ye =073 So B¢ = 34740
V. Now Vo = V¥ — IcRe =10 — (1)(3.47)
1L.10 =653V
a. Neglecting base currents For Vog = 0 = vem{max) = 6.53 V
30 - 0.7

I =y =400 yA => Ry =T

= R =T3.25k0Q
Vepi =10V = Vo1 =93V

15-9.3
Re= == Rg =285k
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11.12 ( 1 RL 1 )
The small-signal equivalent circuit is "\ e R " Re

Forin — in = by
1

Vo1 -Engr_
Ap = — = —2 e
B
R¢
T-'} 1
S ‘ngL
From symmeny: Az = =
< (:+ &)
c
Then 4, = Z2T % _ gmits
Ya 24+ .R_"
A KVL equatinn: v = .V'u - V2 + i Re
==V -V
11.13
t .
A KCL equaon The small-signal equivalent circuit is
erl V1\‘3
—+ngwl + —+§mV1r =[}
e e
1
(Vﬂ. +V,q)(;-’+gm) =0= V= -V

1
Thlmlﬂ -W=2V,ﬂ, :Vw‘-‘.‘:E(I)l—V:)

1
and Vi; = —E(w - )

At the vpy node:
Vo1 vg) = Vg2
—t et gmVm =10
Rc+ . + 9 1
1 1 1 1
"‘“(R.;—"' R;,) "“"(E) = gomlvz =) (L}
At the oz node: KVL equation: 1y = Vg — Vo + 12 v
Vg2 o3 — M1 V1—1Q=V"1-—Vﬂ
Rr:+ 7. +gmVez =0
KCL equation:
Vs v,
! 1 1 1 = b gmVe + gmVa + = =0
(it ) () =gt @ o Tanta dann 5
(V’rl + Vnz)(r—' +gm) =0z Vyy = =Vg
Brom (1) :
1
“'°2="°1(1+£1:') —'lQmRL(P:—Iﬂ,} Then v — vg = =2V ot Vea = — oy — 1)
ke 2 Now ug = Vea(Rc||R
Substituring into (2) "ﬂ—lﬂm wa(Rcl|Re)
R")( 1 1 = sgm{Rol|RL)(» — va)
lde ==} e p —
I»’m( + 7\ & + R-L) 2

1) Porwy — vy =uy

-Zg Re(wm )( LI 1
2 #m " Re R = Ay = :.—; = gﬂm[RCHRL)

— (f:_:.) = %ﬂm(h = )
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11.14

We have
Vez = —gmVaaRe = —gm(Vo2 — V) Re
o ‘
Vor = —gmVaei Re = —gm{Vin —~ V2)Re
Then
Vo= Vo = Ve
= —gm(Viz — Vo}Rc — {—gm(Via = V2)Re|
= gm Re{Vo1 ~ Vb2)
Differential gain
Vo

= m—— g R
Ad VH-VEL gmite

Common-mode gain

Aen =10

11.15

(a) v, =3V =V, =V, =3V
Then Rc_IO 3

= R.=70i0

(b) CMRR, = 75dB = CMRR = 5623
Now

CMRR = %[H%]

AVr
5623 = [

SO,

(150)0. 026)]
Use a Widlar current source.
R, =r[1+gR;]

Let ¥, of current source transistor be 100¥ .
Then

R, =145 M

02

=500k, g, =——=T69mAlV
o= o 8- %02
= (150)(0.026) _ 19540

02

So
1450 = 500{1 + (7.69) R | = R} = 0247 &0
Now

= Relr, = 0247=R,J195= R, =250Q

4
Then
I
IR =V, ln{—-}-‘ﬂ-)

(02Y0:250) = (0. 026)]:{ ©2 }) =137md
Then
R = -1-9-:9—1_—(_—-12!- = R =141k

137
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11.16

Aa =180, CMRR;p =85dB
Ad

180

CMRR =17,783 =
T Aem

=™

= |Aom| = 001012

Assume the common-moeds gain is negaave,

v = Aalg + Aembem

= 180y, — 0.01012x.m
1o = 180(2 sin wt) mV — (0.01012}(2sin wi} V
vy = 0.36gin Wi — 0.02024 gin wi

Idesl Quiput: vy = 0.360 sin wi (V}
Acrual Qutput: v = 0.340siawi (V)

11.17
At terminal A.

R|R= R(1+6)-R _R(1+68) R _

R(1+8)+R  2+5 2
Variation in R, is not significant
y ( R, . R(1+8)3) _K1+9)
™OAR+R] T R1+8+R 246
At terminal B.

R,,,,=R|R=§=sm

R
Vige =| —— '+ =25V
"’”(Ruz 25

From Eq. {11.27)
_ ARV, ~V)
" 2Ar.+R,)

where V, =V,,p and V|

R, =540, 7, = (120){0.026)
025
So

_ {1203}V, V)
Vo= 2(125+5)
We can find V, =V, =V, =V,

View =Vista =25 _[M]

=125K0

-103(¢, -¥,)

2+8
_252+8)=5(1+8) _255-55

2+4 T 246

= - 256 ==1255

2
Then
V, =—{103)(-125)6 = 1296
So for -001< 55001
We have
-0129 <V, <0129V

=—=5i2

=Vou
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11.18
4.  Ria = 2r.
- = !ﬂ)ﬂ(g——ozﬁ = 23.4 k0
So

g = 46.8 k(
b,  Assuming r. — oo, then

Riem 21+ DR} | [1+ 21 ()]

o = t}i:- = §25 kD

Ruem = [(181){1)}|[(181)(0.3125)]
= 181/)56.56

= Ryem = 43.1 MO

11.19
A. Por [y =1 mA, Vg =07V

R =007 R, =19.3kQ

RB= (-’:‘—) = 202 0 (L)

Iq Iq 0.1 0.1
= = 0.599 k{}

S TL P

0.1

100
Toy = ﬁ = 1 MO
From Chapter 10

Ro =rou[l + gm(REllrm)]

Rgllres = 0.599j46.8 = 0.591
Ry = (1){1 + (3.846){0.591)] = 3.27 MQ

100
gl = m#‘ 2MQ

Ricm = [(1+ A)Ra] || [(1 + 5)(2—1)]

={(181)(3.2M)}I[(181}(1)]
= 592(1181

= Rii"‘ = 139 MO

(c) From Eq. (11.32(b))

g =03 _1923mAtV
0026

, _(150}(0.025)
=T 008
R,=0

Then

=936 42

_ —{1923)(50)
“‘1 2(181)(3270)
BT

= A, =-000760

11.20

Ay = ng(Rlllrx!)
2. = ]%/3 = 19234,

Ll
T

_ B _100)(0026) 52

Fa=
’ Inf2 I I
{5, /2
Ad:.:-g-"';—&-, B = Q;_r/ =1923,,
Then
19.23)
30=ﬂ.&_—_ﬂm& =312V

Maximum v,, —v, = £18m}" for linearity
v (max) = (£18)(30) mV = H054V

so I, R, =312F is OK.

From 4,,:

20=19.231, (Rl ]1’:3)

202 19231,,R,(52)
T InR 452

I
Let %-R, =5V = IR =10V
Then
20:19‘—23(10—)(5‘2):!@2& =448V
IQ,R1 +52

Now

Ile =10= R, =}1_0"

o
So

I
Lo 248222 < aus
IQI a .
Let I, = 100 ud , [y =448 s
Then

I,R, =312= R, =696k

[xR =10 R =100k
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t2l I =Ipi+Ips= Ig =1 =240 sA
I -ME-E:ozs(vaﬂ_z)i -
T ) I =240 = 200(Vass — 1.2)° = Vasy = 2.30 V

20 — Vgsa = 12.5(Vig — 4Vasa + 1) R 20 —2.3

= —— 2 ) = T3.75 k]
2 0.24
12.5V5g, — 49Ves + 30 =1

1 1
2 _ b. = e Y r—
Voss = 49 % (493( 4){12.5)(30) ros T = e
2(12.5 1 5.4

= Vgs =3.16V Alg=—-4a ps—“”:mq_mm\
I = -316 I =1g=1033TmA 1123

> s Ro=2Cl_ R, sk
Ipy = %Q- = [p; =0.168 mA 0.3 e
0.168 = 0.25(V051 - 2)2 = Vos1 =2.82V fg=Ipi+Ips = Ig=1mA
Vpss = =282~ (—10) = Vpgy = T.18 V b. 10 = Ip(6) + Vps - Vo5
Vp; = 10 — (0.168)(24) =597 V v o
Vos1 =597 = (—2.82) = Vps; =879V and Vg = x e
(b) Por Ip = 0.5 mA, Vgs = %—5--}-2.—_3.12\[

A~ and Vps = 10.12
o)
¢ ,4) Gt
o \&t —- - ~--
)
4
777,
(v
s (V)
(©Max v, = Vg = Vg =Vos(sat) = Vg =Voy lo_ 12
282-2=082VF .

=10-(D168)24)=597V Load line is actually nonlinear,
Now ¥ =1 ( )( ) ¢. Maxinum comman-mode voltage when M and M:
V,{max) =597 -V, (sat) =597-0382

reach the mansition paint, or
Ve(max) =515V

Vo {max) =V (max) + Vg =515+ 282
Voe(max) =797V

Voa(sat) =Voe —Vp, =312=2=112V
Then

Vem = Mp2 — Mps(sat) + Vgs = 7= 1.12 4+ 3.12

Or vem )=3V
Vg (min) =¥~ + ¥ (sat) +V gy r Lom(max
Vosalsat) =V =Voy =316-2=116V Minimum common-mods voltage, volmge scross /g be-
Then comes zero.

Vee(min) = -10+116+282 >
o MiN) = ~6.02V

50 ¥om(min) = —10 +3.12
= ¥em(min) = -5.88 V
11.24

a. Ipy = 1Ip;=05mA

11.22

o Ip: = Ipg = 120 pA = 100(Ves — 1.2)°
vor — vy = [V ~IpiRos| = [V = Ip2 R
vy — gz = Ipaflps — IpaRpy = Ip(Rp2 — Rpy)

2 Venn=Vonu =230V
Faom=mn==54VadVpn =V =12V
>Vo==54-230+12=43V

10 - 4.3

21043 p—475k0
Fp=—=p—=Ap=2ls22



i Rpr~Rpi=6ki], vy ~vpg =10

ii. Rpr =6k, Rop: =59Kk0

vo; — o2 = {0.3)(5.% — 6}
= ygy ~ W3 = =005V

b. K,=04md/V* K, =044 md/V?
Vos1 = Vom

IQ = (Knl +Kuz}(VGx - Vm)z

1={04 +044) Vs~V I

= (Vos —V) =119

Ioy = (0.4){1.19) = 0.476 mA
Ipz = (0.44)(1.19) = 0.524 mA

L Rp, = Rpy = 6 k1

Mgy = b7 = {0.524 - 0.475)[6}
= vy — vpg = 0.288 V

i Rpy =6k, Rp; = 5.9 kD)

var = voz = (0.524)(5.8) — (0.476)(8)

= 3.0916 — 2.856
= gy — g2 = 0.236 V

11.23
(2) From Equation (11.51)

iDZ 1 KI Kn 4
foa _ 2 | By 1| e
I, 2 sza v"]} 21, v‘

0.90 = 0.50 - \/2(0 25) \/ [2(0 25)

= 0.40 = —{0.4472)rgr /1 — (0.2)Ud
0.8945 = rayf1 = (0.2)!&3

Square both sides
0.80 = v (1 = (0.2]43)
(0.2)(v3)° -3 +080=0

2l /1 — 4{0.2){0.80)

2
i = 30.2) 2 or 1V

Then vy =2V orlV

T 0.25
But |vdl,, = ﬂ ﬁ-: \}W = 1.58

Sow=1V
b. From part (8), vimex = 1.58 V

Chapter 11: Problem Solutions

11.26

R
A, =829
For v,, =25V
!
1,,,=ID,=—2‘2-=0.25mA
10-3
Let VDI=V01 =3V,then RD =E:>
R, =28k

8
Then 100= %-)-: g =T14mAlV

And g =2 521(5910

(0 080

714=2 025)

(_PE_) = (%) =1274 {Extremely large transistors to
1 2

meet the gain requirement.)

Need |4, |=010
From Eq.(11.64(b})

— guRD
lAc”I_ I+2g R

(7.14)28)
1+2(714)R,

For the basic 2-transistor current source
1 R
R =r= =200 K}
°r (o 01Y0.5)
This current source is adequate to mect common-
mode gain requirement.

So 010= = R, = 1404Q

11.27

- ~({=5
o 1s = Vem=(=8)

Rs
and [, =21, =2Kn(VGSI —V:m):l

5;2‘;-'5—5‘- = 2(0.050)(Vas: = 1)

Wis - WVas —3=0

F]
BEYON 48] L alesV

Vst = 23

Ig= 5;226& = o =0.141 mA

Ioy=1Ip2 = ITS o Ipy = Ig; = 0.0704 mA

vag =5 = (0.0704){25) = vy =3.24 V
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b g =2K (Vae =V ) =2(005)2.186-1)

gm = 0.119 mA/V
- 1 1
™= YIpa _ (0.02)(0.0704)

= 710 kf}

-

4 W
= 2, L
Vit = ~ Vs, Vg-2=vz——Vs
:—;+ng,.1+1'%‘/—5=0

(E‘-q- 1)+gm(vx—V3)-—I:—:=U W

%:-+9mvgs:+-u&;-"r§'=°
pg,(;—n+;‘;)+gm(vz-vs)-‘:—:=a @
ng,.1+yM;Vs+m:;Vs+ng,.;=%";-
y...(zu-Vs}+%+tﬁu-%+gm(w—"s}=%

vor , Vo3 2 1
or . 9% _ vy, A — 4 —
P [by + 12} + - + ~ 5{29 +fu + } )]

Ry
From (1)
ver = 1T 1
(Tz;* :;)
Then

gm{v + 1) + + ==
fu( H 1) L] (3)

1 1 1
gm(tn + Vﬂfo('R— + ;) + Vs (ym + f_u-)

1 1
- gmin +Uo'z(ﬁ;+ 'r-n—)

2 1 1 1
—V5{29m+;+ E}'PD(RD +l'o)

ro 1 1
gm(tn +H‘z)(l + '.é_) - gmin +V02(RD + l'u)

=Vs{(2§m+_+ﬁl )(H%)'(“"‘*"é)}

1 1
Fm(Vl F+V2+vz E)_HJM(R +Tu)
1 To 2
Vs{-gm+—+ Ro + o

R + 20m -

TR A --1-}
R:Rp §m o
Ty ry 1 1
QM(VI'RD+V2+”2'RD)+ (RD+1_°)

1 1
-Vs{2§m+ r—o'-f- E'-(I-I-E) @

+E2'5‘{1 + gmrﬂ)}

Then substituting into {2),

1 I 1
vz (— + —) + gmim = Vs(gm + -—)
Rp ro To

Substitute numbers:

710 710 1 1
(0.119)[91F+l'2 +i-':2—5] +vuz[§g+ m]

1 3 710
= Vs{o 119 NETRET (1 + 2—5) @)

+%[1 + {u.119}(71o)]}

(0.119)[28.40 + 29.402] + {0.0414)em2
= V5{0.1204 + 1.470 4+ 6.8392}
= V5(8.4296)

or

Vs = 0.40101; + 0.4153002 + 0.00491v5;

Then
1 1
2
""’(25 'rm) +{0.118)1n = VS(D 119 + .”0) 2

#02(0.0414) + 1(0.119)

= (0.1204){0.401v; + 0.41501; + 0.00491v5;]
vo2(0.0408) = (0.04828)v; — (0.0690)u;
voz = (1.183)1q — (1.691)14
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Now Vi = vem + .vii

Vd
"'J=V=m"?

Sa
14

Poz = “‘133}(“’4"“ + %") - (1.691)(u=m - .:25)

Qr 93 = 1.43Trg — 0.508u,,,
= Ag = 1437, A.m = —0.508

CMRRp =20log,, (é%)

= CMRR4p =9.03dB

11.28

EVL:
v =V = Vouz b1
So ¥ —-tp = V’n - 'Vg.ﬂ

KCL:
gmvgol. + gmvwg = n = V"l -_— a2
1 1
So Vg‘l = E(lﬂ - ll:). V,,g_ = -—-2-(5!1 —p\!)

Now

o2 g2 = Q1
-l R, = —gmVyn

(s L) s
—VDZ(RD+RL) RL

83]

@

R
Prom (1} : wo = voz (1 + ﬁ) 4+ gmBLVem

Substituts into (2} :

Re 1 1
_QMVQJI—VO‘J(1+ D)(RD +RL)

+ngL

Ea N - |
2|
"

b +
mn—-
~—
,;1
(]
2§

"ﬂvn‘{l'l -‘U'J)+gm

—gm Ry
= A,ﬂ = oz 2z
)
Ro
From symmety
1
~=gmiL
Aa Yo1 2
Y1 v 2 4 _Ri
Rp
Then
A, boz —bo1 _ gmBL
vy -y (2 - &)
Rp
11.29

n-rr=Vn -V
and g Vo + g Vg2 = 0 = Vi = Ve
Then vy — 10 = —2‘/”2

Or V‘.: = _'%{'"1 - pz)
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w = —gmVoa(Rol|Re} =
L2 Rol|Rs)

£ (Roll ) - va)
Or A=

11.30

) K1,
From Equation (11.64(a)), A, = 2 -R,

We need 4, =62—2—= 10

Then 10=

¢ JK,-R,=20

Ifweset R, =20k}, then K =1md/V*?

K (05
03]
2

For this case Vp = 10 — (0.25){20} =5 V

Vas=1f0125+1—15V

Vos(sat) =V —Vp =15-1=05V

Then vem(max) = Vp — Vps{sat) + Vs
=5=054+1.5

Or vem(max) = 6 V

11.31

Vo=- quIRD = —gnRD(Vl 'Vs)

Vo= _g-ngRD = _guar(Vz "Vs)

Now

Vo=Var =V = =g RV, -¥,) '['E-RD(P; - V:))
V.= E.Rn(V: = Vz)

Define V| -V, =¥,
Then ‘
Y,
A, =2=g R,
o
and
An =0

11.32

kYWY (0080 _
() K,=XK,,= (?If) = (—2 )(10) =040 mA /V?

Vosi =V = H{” +Vm=1’%+1=UV

Von(sat)y=15-1=05F
For v, =3V =V, =V, =v,,
=3-15+05=V,, =V,, =2V

R, = "2”2:- R, =800

~ Vs, +Vpg(sat)

®) 4, = % g.R, and g, =2.f{04)Y01) = 04 md/V

Then 4, ~_—%(o.4)(so)= 16

CMRR, -4s=>cnm_1778=7;f-

So [4,]=0090
- gllRD

=R, =43

If we assume A =001F " for the current source
transistor, then

R S S
° A, (001)02)
So the CMRR. specification can be met by a
2-transistor current source.

()

Then K., = K., (oo& 1) = 0040 mA /1'?

and ¥,,, = f J” r1=324¥

For v, = 3V,Vm =3V =-3-15=~45V
= Vor{min) = 4.5 (-10) = 55V >V, (sar)
So design is OK.

= 500 k02

On reference side: For (-’E—) 21,Vy(max) =324V

20-V,,, =20-324 = 1676V
Then
1667 . , . .
——=3517 = We need six transistors in series.
324
-+ Gy
Vs = 20"324 =2793V

L1

(k.XW}
0.080
02=) —— ] —|2.793-
( 2 L 1)

(%) =156 for each of the 6 transistors.
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11.33 2300}
Z(OOGOIW) (01)= (30) o
2 \ 50
(7), (7).
L), \z),
11.35
8 ipi =Ipss{1- =2 ’
- D1 = 1pgy§ VP
_l ip? = fnss(l - ycsz)’
vf z
Vip1 — Vip:
Vas1 oy ]
IDSS(I -V ) -—v’Iass(l - )
_ Toss
= -—I-/—'-*{Vcsz - vgn)
]
o Vs, vl
Ve (=Vr)
1
A, =i—g_R,, ipt+ipe=fg=ip=Ig—im
g.=2JK I, =2,[{025Y025) = 050 md/V (Vior - VTa = ) = I"” -vi
1
4, = 7(030§3)= 075 ipr = 2/ (lg = .',,1'4. (g —ip1) = {I"Tss}, -
From Problem 11.17 P
X1+ 4)
hi=Ve= 2+8 Va=Vy =257 Vio{lg —im) = ';'[IQ - (.I-‘l;fssiﬂ"vi]
and ¥, -V, = 1256 i
Then Square both sides
= A, (¥, -¥,) = (0.75)(1253) = 093756 2 _. 1[ Inss ]
—igi g+ =lig - W2 =
So for ~0.015 5001 o =imfetqile -yt =0
93755V, <9375 mV T :
tox a1 ((fe- 5]
11.34 i1 = - £
From previous results .
A =__M—V = = i Ro= =
il vl_v: g-lRl ZK,.JQ! R] 20 Ij- . !2 p 219[‘)55’!}" IDSS"}L 2
and vy 1 z “7\e | (-Ve) +(("VP)1)
dp=—Bem=—g R, -—,}2!: T 30
Vo2 =V 2 ? Rl Use + sign
IR I
Set =220 _ 51 and ﬂf‘.:zs}' 1'm=I—Q-+l ZIquss_vz_ Ipss . z
2 2 2 T2V (el Tt \(-ve)?
Let Iy, = Iy, =01md
ThenR,=100kQ, R, =50i02 im={_g_+l Iq va 2!955_(1'5!55)!(31)2
Then T 2(-Vp) Ig Iq Ve

[O%I_)( h= (100) >

oy 1 i Inss fpss)z(u_a):
[—-—) =(W) =667 Iq "2“"(-2%) v \ffq ( Iq Ve
L) \L),

and

ip2 = Ig —tm
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in;z=_1__( 1 )‘v‘ ‘unss_(fnss 2 Ya :
Ig 2 -2Ve Ig Ig Ve

1 1 2pss Inss\? { wa\?
t=2% (-WP) .y‘\/ Iq -( Iq ) (T’:)
2Ipss Ipss\*f va \?

'V"""“\/ To -(B2) (%)

_ dipy _1 Isg  [Upss
95 = duva {,._q 2 {(—=Va) Ig
Or
1 Ial
o gy(man) = (=) 222
11.36

a Ig=min+lpp=lg=1mA
w=7=10-{035)Rp = Rp =6k

1 fI -
5. g;(ma.x) = (#VP) g 2ﬂ55

¢ (max) = (-i-) Wz

2
= gy{max) = 0.25 mA/V

c. Ag=

m R
IR = gr(max) - Ro

Ay = (0.25)(6) => Ag =15

11.37
2
a Isg= M=Inss(l _Yes
Rs Ve
§—-Vas = (0.8)(20)(1 - YE) !
(~2)
3-Vas= 15(1 + Vs + %Vés)

Vs +1TVgs +11 =0

~17 £ /(17)? - 4(4)(11)
2(4)
Ve = —0.796 V

[ = 5=(079)

= 1.
20 Jg = 0.290 mA

Vos =

IDI =I,Dz= %:ID1=[02=D.14SE

voz = 5 — (0.145)(25) = vz = 1.373 V

p. Taking into account the rq parameters of ) and Qs, the
analysis is identical to that in problem 11.34.

11.38
Equivalent circuit and analysis is identical to that in
problem 11.36.
1
A = gmiL
ﬂ —-—
i3
(2+25)
-_— ngL
A‘ﬂ B (2 + &
Rp
A, o L2 MV gm L
‘ Ve (2 + &
Rp
11.39

a.  Using the results of problem 10.59, the resistance
from the base of 0, looking toward

120 80
I e = a = —
roy = o 1200 k2, roz 71 800 kQ

Assume 3 = 100

{100 0!!01.025) = 26 k01

Ter =

0.1

gm3 = 5026 = 3.846 mA/V



r1l; | tions

1
L, (26"’“‘“’300)
1y
& 1200 [H—(I +3m+-—)(1)]
1 3.886
= = 1.256
00 T TF (3 aseyn) © fe =126 kA

Ry = rop [l + —RE"(": + R)

Taz

Reli(re: + RE) = (1)11(26 + 1.256)

= (1)[i(27.256}
= 0.965 ki

Ry = 1200[ + 2252 L 545)(——-2-6——) {a.ses}]

1200
= R = 5.45 MQ

26 + 1.256

Then
A, = —gmiroz|| Ho)

120
= — = 1200 k)
] 0.1 12

0.1
gm = m—-3 846 mA/V

A, = —(3.846){1200|5450]

= Ay = ~3TR2
80
b. Faur R=10, voe = — = B00 k{2

1
Ay = —gm(roz||rod)

= —(3.846){1200/)800]

= A4, = —1846

{c) For part (a), R, =(545}12} = 0.983 MQ
For part (b), R, =(12}J08) =048 MQ

11.40

Iss _Im+1Is _ Ics +1cs
1+48 1+8 ~ A1 +4)
Now Ics +leu = Ig

Igs =

~ 12
SOIm~ﬂ(l+ﬂ)

I,Ea = IQ:,

Ias =175 801+ 8)
For balance, we want [ps = [ge

Sothat gy = Ig

11.41
s, Ag = gm(roz|lros}
roy = %:%:375]‘9
Vau 100
Foe = E -ET = 250 kQ
m—%=n_c't].%_1ssam,fv
= (15.38)(375(|250)
= Ag = 2307

b Re = rozllros = 375|}250

= Ry =150k0

11.42
(a) For ng‘
T =
Tz, -+
YRERN)
AT
QL —
+
T
1 l hb
- v V.
LI | _
(1) Iz = Vl -Vﬂ +gm1Vﬂ +gnIVM +K‘—
r, r.
@) gV +lela o L
L Tealaz
GV V=
From (2)
ZE— V. +L+g_,:|
Faz rﬂﬂrﬂ Toz
Now

120
lo = (Hﬂx ) 05) 0.496 mA

L= (I—QITE? %) - (05)[(:7231-] -

1., =00041md

=
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3o
Ai=g V. +g V., and V +V,, =1
o= —-——-(ug)ézflzﬁ) =761 k2 ' ’ 2
V.,
Also | =2+g V. Vo=V,
g, = 204 o isemary [ i ")”
0.026 '
+
'rnz = _...19_.; = 24 4 MQ Sﬂ Vul( )’13 = Vﬂ
0.0041 Ta
(120){0.026) _ Or
r“=——-6———6.29kﬂ 121
04‘;29 Vol 77 K629) =V =Vey
T 1908 mA/V ) )
100 Then 2V, = ?“ =2V, = —i’—
ry, = ———=202 k0
= 0496 So
Now Ai = (g, +gu )V = (0158419, os)[ ) 9.62["—‘)
V, 1 1 4 2
2=y | ———— b +0158 |
a 6290761 24400 So N
which yields == == 962= 4, ={9.62)(732)=
v Y4
V= +—i— -
o (0318)r, 4, =704
Now
From (1),
o R,=2R, where R =r,+(1+p8),;
v, V. 1
=L x4V -—
L. r, *,“ * "[ wt = Bz ﬂ) R =761+(121)(6.29) = 1522 k)
1 Then
19.08-0.158-—— =3.044 ML)
L (emeag) DOLT S
V, |24400 202 (0318)(24400) 11.43

which yields
R, =;'-= 135 402
Now
80
T“ = 0—-— 16‘0 kﬂ 2\
Then
R, =R} =135}160=> R =T32i
Ai I,
() A, =g.R, where g_ = 7]
v,/2
o
2 ~
) Vo= =iV

8. = Iq = g,(4V7) = (8)(4}(0.026)

i = 4V
= Ig = 0.832 mA




Chapter 11: Proble lutions

Neglecting base currents,
_0-07

R = W#RI = 35.2 k{}
Va 100
b, ru=rgp = Tog — 0416 = 240 kD
_Ica 0416
$m = T = Jogg L6 mA/Y
As = gm(roz|ires) = 16(240|[240)
= Aﬁ = 1920
{180)(0.026)
=2ry, = Se——t—— o ]],
R oy T'e D415 11.25 k2

= Rig =225 kN2
Ro = rozfjrod = Ry = 120 kN

¢. Max common-mode voltage when

Vea =0 for @, and Q4.
Therefore

Vem(max) = V¥ — Vep(@) = 15 - 0.7
Vnm(mn) =142V

Min. common-mode voliage when

Ver =0 for Q..

Therefore

Vem(min) = 0.7 4+ 0.7 + (-15) = =13.6 V
S0-136< v, <143V

om 2 %(1 +8)(2Ro)

_Va_ 100
Bo= 77 = 55az = 1200
Riem = (181)(120) = Rigm = 21.7 M0

11.44
& Io=Ism+Isx2(2)(L
2 8
Is 3 100 = Jo=2uA
= Va _ 100

b.  rg2 = vy Tog S 01 - 1000 kD

=fce 0L
Im = P = e = LM6 mA/V
Ag = gm(rozllros) = {3.846)(1000|]1000)
= Aq = 1923

c.  Ad = gmirozflraaliRe)

Ag = (3.846)(1000|| 1000]j250)
= Ay =641

11.45
Let #=100, V,=100¥

W+

R, =r.1+g.R;] where R, =r|R;
Now

_ (100){0.026)
T a1

g = = 3846mA/V
0026

=26 K1

re

R} =261 = 0.963 k2
Then
R, =1000{1+(3846)(0.963)) = 4704 iQ

A, = 8.(ra)R.) = 3846(1000)4704) =

A,=3172

11.46

a8, Ag = gm{rozlraa]|Re}

=fea o
m = Vo 2Vp
o = vz _ 125

Icq  feg

o Yas _ 80

o‘_ICQ"IC'Q
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If Ig =2 mA, then gm = 38.46 mA/V
roz = 125 k), roy = B0 k{1

S0 Ay = 38.46[125]|80]|200]

Or Ay = 1508

For each gain of 1000, lower the currenr level

For [g = 0680 mA, fcg = 0.0 mA

0.3
m = ——— = 11.54 mAJY
Im = G028 ! /
125
= == = 417
roz = 53 417 k2
B0
= = 267
Lg 7Y 0‘3 25 kﬂ

Ag = 11.54[417}|267]}200] = 1038
S50 [ = 0.60 mA i3 adequate

b, PVt =10V, Vag =Vgg =06 Y
PFor Vea =0,

vem{max) = V¥ — 2Vgg = 10 — 2(0.5)

Or vem(max) = 8.8 V

11.48
4. Prom symmemy,

0.1
Vess =Vasy = Voss = Voo = T +!

oerg;:,ﬂVpg; =2V
0.1
Vsai =Vsm=\fﬁ+1=2\f

Vo1 = Vspe = Veg1 — (Vosa — 10)
=2-(2-10)
OrVep i =Vspa =10V

1 t

Ton = Xolpg  (0.01)0.0)
1 1

Tr = A Tng  (0.018)(0.1)

gn = ZKp(Van +Vl’?)

=2(01Y2-1)=02md/V

A, = g.{r.Jr.,) =(02)1000j667)

= A4 = B0

b. = 1MQ

= 0.667 MO

I
© Jpr = Lo =2 = 01md

1 1
=1 - = 1000 402
= 1. (001{0])
1 667k

T, o130
R, =r, k.. = 6671000 = 400 £Q

11.49
Ag = gm(raafirod)
gm = 2/ kalpg = 2:/(0.12){0.075)
= 0.1897 mA/V

L 1
T Anlog ~ {0.015){0.075)
1 1
Aplpg — (0.02)(0.075)
Aq = {0.1897)(8891|667)

= 339 kQ

Taz

= 667 kQ?

Toe =

= Ag=T23
11.50 )
Resistance looking into drain of M,.

e R,
L]
o =™
oy 125 ?r-w‘ém P W
-
N =
&,
Yo
Vipo = Ix Ry

Ix = gmiVigs = uﬁ

Tos

V3
Ix[l + g Ry + ﬁ] =X
Toa Ta4

Or By = ros [1 + gma By + -}l!']
Toa

e Ar=galralR)
8wz = 2K, T, =2,/(0.080)(0.1)
= 0179 mAlV
r, = 1 = 1
2 A0, (0015)(00)
Zne = 2K, 15 =2,J(0.080)(0.1)
=0179md/V
1 1
A,  (002)01)

P

=667 kQ

= 500 4Q

7, =

Ro = 300 [1 +(C.179)(1) + %] = 590.5 kO

Aq = (0.179)[667{590.5]
= Ay = 56.06
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b. When R; =0, Ry = ry = 500 k3
Aq = (0.179)[667]}500]
> Ay =51.15

(c) For part (a), R, =r,,[IR, = 6675905 >
R, =313 Q

Forpart (b), R, =1,
R, =286

., = 667500 =

11.51

(a) 4,=100=g.(r.]..)
Let [, =05 md
i 1
= = = 200 kQ
=20, (002)(025)
=1 L 16040

=71, " (00z5Y023)

Then
100 = g,(2000160) = g,, = L125mA /¥

{5

0.080Y W W
L125=2 | — [ = fo: =1 =31
J[ > L5 fo2s) = (L] 316

Now [%) somewhat arbitrary, Let (%) =316
#

P

11.52

A, = gn(rnz"ru)

P=(ly+ L)V -77)

Let Iy = Inge

Then 05=2/5(3—(~3))=> [, = Lpg = 00417 md

1 1

" = T, (0015)60208)
1 1

2,1,  (002)00208)

= 3205 k2

= 2404 K}

r=

Then
A, =80= g (32052404) = g, = 00582 md /¥

LYW
=35 ).

00582 = 2J(2%S—O %) (0.0208) =>

11.53
Ad' = gn(rclllRu)
Want 4, =400
From Example 11.15, r,, =1 MQ)
Assuming that g, =0283mA/V for the PMOS

from Example 11.15, then R =285 M},
So

400 = g, (1000285000) =

YW
=04014dmd/V =2 =] —| [
&n '" [2)(1.). o

004028 = (O;‘;@][%l(o.l) -

(£)-(5)

11.54

4, = gm(Rad "Ras)
where
R =r,+rl F ZaTot]
R =t +r[1+ gt
We have
1
= = ]667 kﬂ

o2 = et = 10 015){0.040)

1

=r = = 1250 k0
o6 =T {0.02)(0.040)

P 2J(°'(;£ 15)(0.040) = 0268 md /¥

g = 2J(9'(;2—5 10)(0:040) = 0441 md /¥

Then

R,, =1667 +1667[1+(0268)(1667)] = 748 M2
R =1250+1250(1+(0141)1250)] = 2228 MO
(a}

R, =R |R,=7482228=> R =172 M)

®)

4 = gu(R.JR,¢) = (0268)(172000) =

A4, = 46096

11.55

gm1 =2JK oy = 2,(02)(025)

=044TmA/V
=lca 075
gm2 = T2 = == = A5 mA/V
BVr _ (120)(0.026)

Fxp 2= e B e = 4,16 k{1
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T 1\(:'81 ol

o <L
\'(r:- _J'Lra 31-1 3

T
[

lo = gm1 Va1 + gma Vs
Vez = g1 Vg.ol roz and v = Vi + Vi
tp = Vaar{gmi + gmz2 - gmiT2)

V= Vg;l + gm1 Vg.llfvd

4
apd Vi = —mm—
94! 1+ gmiTrs

o = i - ym!l +.B)
14 gmiTel
g.‘,:. - iu_= gml[l +3)
¥ 14 gmiTe
_ _(o4am)121)
T 1+ (0.447){4.16)
= g5 =18.9 mA/V

11.56

i 1
Anipg ~ {0.01}{0.2)
80

V,
ro{Q2) = I—(;;- =57 =400k

gm(M2) =2JK 15, =2,(02)(02)
=04 mASV

ro(M:) =

= 300 ki

Ad = gm (M2)[re (M2)|lro(Q2)]
= 0.4[500}|400]

= Ag =889
If the I current source is ideal,

A =0 and CM Rityp = 20
11.57

Solutions Manual

o~

b. Aswume R is capacitively coupled. Then

Icq+ipg=lg
Vee 0.7
= — = — =] 7
Iog R 3 0.0875 mA

Icg = 0.9 — 0.0875 = 0.8125 mA

g1 =2JK I, =2./(1)(0.0875)
= gmi = 0.592 mA SV

Icg _ 0.8125

== === = 31.25 mA/V

Fmi A T o = dm2 31.25 mA/
BVr _ (100){0.026)

PP it SR ¥k A ki =32k}

™ Tea 0.8125 =

e Vo= (—gmVig = gmaVea)Re
V+Vy=h=V,=W-V

Ver = (9m1Vig)(Riirra)

Vo = —[gmi1 Vg + gmagmi Vig{ Ruflre2)]Re
Vo = =(Vo = Vil[gm1 + gmagms(Rifir=a}] Rz
Vo _  [gm1 4 gmagmi(R1ljrez)] Rz

Ay = — =
Vi 14+ [9m1 + gmagmi{R|lres NRL

We find

gm1 + gmagmi(Ri[lrez)
= 0.592 + (31.25)(0.592)(8][3.2)
=42.88

42.88)( R,

Then Ay = 1 a2.88)( 1)

11.58

a. Assume R; is capacitively coupled.

Ipg = % = 0.0875 mA
Icg=12-0.0875 =111 mA

gm1 =2JK I,p =2,{1)(0.0875)
= gou = 0.582 mAJV

Iﬂ_ 1.11
= = — = 42.7
Fm2 Vr 0.026 = M

Tw2 =&= Mgrﬁ=2.34kﬂ

Icg 1.11

b. :&I?a
A K

- s: I‘

?hi\éa Va

R '4:% <‘L3.,_‘_1 )
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Vig= Vx

Ix = gmaVaz + gm1 Vi

(g Vig) Ballras) =

Ix=V¥Vx [g.u + fm2gm1 (Rlﬂfﬂ)]

Ve ]
Ao = Ix dm) +gngml(Rl "f'rz)
1
= 0.592 + (0.592){42.7)(8]|2.34)
= Ry =2160
11.59
(2)
Ftte
4
V.
¢ Vf': J?ol
[
.
VvV, —(-V,
(1) gﬂIVl+ > ( ') =0
raz
Vo (¥,
(2) gquc + ( } = Emi
ol rnl
or
1 1
0 Vol —+—
glul '[rnl r )
Then
V = gnlp;
1 )
——
., 7
From (l)

1
r +—
=V_= 3-la:[§-n .:)
¥

&3]

Now

£u =2,[K. 1, =2(025){0.025) =0.158 md /¥

!
g =2 =208 _ o615 ma v
V, 0026
== A 200040
A,  (002)(0.025)
ra=Ya= _2000k0
I, 0025
e (100)(0026} _ 0\ 16y
I, 0025
Then
1
- 09615 + ~—x
_ (0.158)(2000)( 9615+ 2000)
T e
ey o ———
2000 104
A, =-30039

Tofind R,;set ¥V, =0=2> g ¥ =

V.- ()

V.= 'Ix(ralﬂr-)

Then

1= {gur Ltk + 2

Combining terms,

s ]

=gV, .+

= 2000[1 + (2ooo||1o4)(0.96 15+ 56155]] >

R, =1922 MQ
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®)

or

v
¢= Vn(g-: ""r—l')'l

al

V(¥
(3) _I:.-ﬁ+g-=V‘z+M=ng +(_....'.'2_)

2 raz rol

V
From (2), V,, = L

e |’_}_+0_9515+;+_,l_]

1 Y104 2000 2000
2000[ 0.9615+——
2000)

= 09615, vl
2000
Then F_, =183x10°%

From (1),

1), .
[gﬂs +;:)/F3 - rol
or

V, = ~200 o.153+—‘—)(1,33x10’)V,
2000

= Y. =-580x107
V.

To find R,
V. -{-F
D) IL,=g Vet E. FS)
[}
v, -(-V, V. ~(V,)
(2) gm}Vﬂ3 +—’L = gmzyxz + g1 x2
r,, rol
(3) Vxl = -Ix(rnl s!)
From(l) I, = V,,,[g_; +L) +E"'“
a3 ro!
I = Vy,[O.ISS +;)+—Vi-
2000} 2000
3o
LoV
- 2000
7 01585
From (2),
1 1 V t
Vv —+—[+==V, -
pl[g..j + - + rp2]+ r‘: :z[gml + f,;)
v, 0158+ s L1y e
2000 2000)] 2000
|
=V 1 09615+——
"( ? 2000)
Then
1= Ve/2000 kg 1 56y.4 F=_ - _1 (2000]104)(0962)
0.1585 2000

We find
R = -I;-'- =6.09x10" 2

x
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11.60 11,61
Assume emitter of (, is capacitively coupled to Using the results from Chapter 4 for the emitter-follower:
signal ground.
Fog= O.Z(E) =0.1975mA res + res + ror + Ronr
81 R = R 1+ 8
02 - 1+ 4

log =57 = 000247 mA
_ AVr _ gwn)glo.ozs) —26k0

80)(0.026 i
r = - (80)0026) 100 v
01975 Jog = =L = — =001 mA
£.(00 =975 _ 760 marv g 100
¥V 0026
g.(M,)=2K,I; =2,{(02)(000247) ro = (000026} _ 500 k03
g£.(M,) = 00445 md 1V v
" = Va 100 _ gokn
T =Te T 02
ras =11%= %_mom
, 0.2
Ron = raux[1 + gmBE|, 9m = 2026 = 59

!100!!0.026! = 13k0

0.2
R = 0.2]]13 = 0.197 k{2

Rour = 5001 + (7.69)(0.197)] = 1257 kQ

Teil =

Then
[
2.5 4 280+ 500 + 1257
Ro=5 101
101
= 5[j0.223

= Rg = 0.213 k@

11.62

Ri=rs1 +(1+8)rm2
(100){0.026)

Te2 = —n""é—"“—‘ = 5.2k
: _ (100)(0.026) _ (100)%{0.026) _
[ (M) ) el = (0.5}’100) == 0.5 = 520 kﬂ
Eal i R, =520 +(101){5.2) = R: = 1.05 MQ
V= g.(QJV R, =
_L— g-(Ql)
A= 4 1+ 1 ) Ry=3 lal—u‘}-;—-sg, r,,=M=z.ekn
g M), =5 “ 2.8 + 50 5)0.521 = Ry = 0472 %0
Then
~{7.60)(20)

-

A =484
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V-“
Tl
%2”"‘ 3"-1
-" —
3t gk gmx e
- +
-
L33
v,
Vo = -(T”- +g...=vﬂ)(s)
Vo = —Vna(l +ﬂ){5)
V, (Vo -V
RACY = gm2 Vri + 2 ’3)
Frs 50
1 1 Vo
gm:sz = rJ( + 50) - ﬁ
Vi
Ver = (—1' + gm!an)fzz
Twl
=Vn (1_+£) T=2
Tl
and
V:'n = le + Vw2
0.5
= mm— v
gmz = e = 19.23 mA/
Then
01
‘VU ==V (1 )(5]
= Vg = —V,(0.005149)
And
= 1 1 Vo
19.23Vm = -%(0.00::149)(-276- + E'o') -5

= —V3(0.02208)

Or Vya = —V,(0.001148)
And

Viey = Vin = Viz = Vin + Vo(0.001148)

Solutions Manual

Teatez

<

v

ey

3

)

1

2)

@)

So
— Va(0.001148)

= [Vin + Vol0. 001148)](101)(5 2) @

11.63

— 15(0.001148) — V5(0.001159) = Vi {1.01})
a
= A, = Tu = —438
3
Iz = g = 1 mA
Vs =\|J01, +0.8=221V
_ 221 = (=5) _
nh = 5 = 0.206 mA
V -— -+

A
Y i 2T
£

Vo = {gmz Va2 )(Raflres)
Vg.l? = (yﬂll vt'!l )(ﬂn !IRIJ -
and ¥V, = =Via

So

Vouz = —(gmi ViaYro1[|R1) — Vo

Then

Vo = gma{ Ralfroz)[—{gm1 Vin)(ro1 || R1} = Vo;

A, = Yo _ —gma(Rafirea}gmi(rorl &)
v v"'" 1+ gma(R:]lroz)

gmz = 2JK 1o, =2.J{05)1) =1414mA 1V
9mt =2 [K,.I, =2,/(02)(0206) = 0406 mA/V

1 1
= = = 485 kQ}
™= Nlot . (0.01)(0.206)
1 1
n = T = (o 0k

Raljraz = 5[|100 = 4.76 k{2
Riflror = 35(/485 = 32.6 k0
Then

~{1.414)(4.76){0.406)(32.8)

A= 1+ (1.414){4.76)




S0
= A, =~11.5

Qutput Resistance—Prom the results for a source follower in
Chapter 6.

RD:gT.,:" Rz||7‘02=1414 ||5|’ 100
= 0.707||4.76
Sa Eﬂ = 0.616 kD
11.64
4. 2 = oi' = 10 kﬂ
Vip, = J +1=241¥
= — ﬂ'f S-(=24) R =T4.1 k0
b.
T Y- %
-
kL CL TR & b § 7 (S
= —(gm2Vig2)(roz||Ra)
1";,2 = W — [—(gmi Va1 )(ror [ R1)]
and Vpal = Vin
A, = 2o =(gma)roa|| Ra)grmi Nrar | R )
Kn 1+ (gma}(rozf| R2)
= 2 Kadp = 24J(01)(01) =02 md /¥
gm2 -ZJK,JD, =2,(0.25)(05) = 0.707 md /¥
1
.\1Im = o 1000 k2
1 1
= Nlor - (0.01)(05) 200 k2

roaf| Rz = 200)[10 = 9.52 kN
1"01!}.&1 = 1000“74.1 = 69.0 k0

Then
4, = —(0.707)(9.52)(0.2)(59)
v 1 + (0.707)(9.52)
So
= = —=12.0
Ro-gTz" R:ﬂ uz=0—-?a?|| 10[]200
= 1.414/|9.52
Or Rp =1.23 k0

Chapter 11: Probi tion
11.65
A Ica = 025 mA
52
R= o= R=12kid
) —07
oz = 227 Vazg(on = Rp = : o ?
E1 N
= Rm = 2.6 k{1
RC=§L_"Pi—ﬂaR =4k
fea 0.5 e
7 [vos ~ Vez(oun)] = (=5)
o4 = R
E2
Req = 3;033L5. = Rg = 2.43k0

b. Input resistance to base of O,

Ra=rm+(l1+8)Ran
e gloO)o(c;.nzﬁ) _
Riz = 5.2+ (101)(2.6) = 267.8 kD

5.2k

vop 1
el (RIR
An =2 = Lo (RIRa)
0.25
g = i = 9.62 mA/V
§m2 = 57026 mA/

Aa = %{9.62){12“257.3) = Ag =552

vy _ _—B(RoliRi)
o2 rea+ {1+ H ke
where Ry = rxq + (1 +ﬁ)Rzz

Now

vo __ (1+8)Re:
and vas  rea + {1+ B)Ren
Tes = L_l(_llﬂl) :'026 = 0.867 k2
vo _ _ (101)(243) o

ves  0.867 + (101)(2.43)
Riq = D.867 + (101)(2.43) = 246.3 ki1
e = 5.2 k1

So

vy _ —{100)(4|246.3)

= = ~1.47
Yoz 5.2 4+ (101){2.8)

So
Ag = <L = (55.2)(0.9965)(~1.47)

= A; = —80.9

¢. Using Equation (11.32b)
-ymz!RIRia!
+ 2L :-321?4

{100)(0.026) _
RE 10.4 kQ

_ —{9.62)(12|}267.8)

Aemi = - 2{1“11 Llﬂo) = =0.056% = Asml
10.4

Acmy =

et =
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Then

Yo Va3
= (2)(2)
= [0.9965){ ~1.47){—0.0569)

= Acm = 1.08335

§0.9
CMRRQB = 20 lugw (m)

= CMRR;p =59.7dB

11.66

W0 -y _10-2 _
. Rc = Ton 53 = Rey =30kQ
W -vp _ 10-6 _
Rep = Te =07 = Ry =20 k¥

b A = EL.;';.E‘E = =gm1(Reallrea)

0.1
= am— = v
gm1 = ooe 3.846 mA/

oy = 180){0.026 = 23.4 k0

0.2
Ag = —(3.8461(80|23.4) = 44 = —59.5
Loy 1
Ap = = =Jma R
a2 Yot — o7 29 4 M2

0.2
= — = T
gma = = = 1692 mA/V

Aa = %{7.592){20) =76.9
Then Aq = (76.9)(—69.5)
= Ag= —5382

11.67

2. Neglect the effect of ry in determining the differsatial-
mode gain.
1
Ag = 2 = 2gmi(Rel|Ria)
va 2

where R =r.3 + (1 + F)Re
—f3Re

Ay = T3

P M+t (L +ARs

_12-07-(=12) 233 _ _
h = 7 =TT 1.94 mA = [

l‘(1.94)
= = 1T,
gm2 0.026 I3 mASY
reg = (200)(0.028)
I

oz = 12 = %—(1‘94)(5) =424V
Iea= 42407 = 1.07T mA

3.3

rey = ZOONO.026) _ ook

1.07
Ris = 4.86 + (201}{3.3) = 668 k2

Aa = %m.a){anssa] = 147.4
—(200)(4}

Ay = e e e = 1,197
® 7 486 + (201)(3.3} 19
Then
Ag = Aq - Ay = [14T.4)(~1.197) = Ag = =176
=y = YA B0

Ro=ros = £ = 50 = 4120
Ay = —Gm2(A|| Bis)

s+ 2(1+ 3)Ro

T2
¥

rep = L2O0N0.026) o opo

1
5-(1.94.}

—(37.3)}(8}j668) _ —0.09539

Acm = L 4 2000(17] =
5.26
Az = —1.197
Agm = (=0.09539)(=1.197) = Ay = 0.114

b, wg = — 1y =2.015sinwt — 1.985gin wt

vs = 0.03sinwt (V)
¥+ i
2
o3 = Agtd + AcmVom

Vom = = 2.05in wt

= (=176)(0.03) + (0.114){2)

Or

vgy = =5.052 sin wt
Ideal, Acm =0

So

Vo = Agg = (—176){0.03)

vo3 = —5.28 sin wt
€. Rig = 2rqa = 2(5.36) = E." = 10.72 k{}

2Riem = 2{1 + A Rol{(1 4 Bhra
Va 80 —m2skn

Ty = 0 =

I 3:(1.94)
2 Ricm = [2(201)(41.2)]|[((201)(82.5)]
= 16.6 MQ2|16.6 MQ

So

= Rim =4.15 MQ



11.68

n L= 24 — Vasu

R = kn(Vass — Virn)?
24 = Vggy = (55){0.2)(Vass ~ 2)?
24 = Vas, = ll(vazsl — 4Vasu + 4)
11V35, —43Vas +20 =0

43 + /(43)* — 4{11)(20) aaTv

Vosi = 2(11) =
-3.37
=233 aasma=Tg
55
a7
vog =12 — (9-3’2-3) (40) = 4.5 V
b2 = Vs

= Ip3 = ka(Vgss — Vra)?

Re

4.5 = Vass = (0.2)(8){(Viss = ¢Vem + 4)
1.2V3gs — 3.8Vas +03 =10

3.8+ /(3.8)° - 4(1.2)(0.3)

Vass = 03 =3.00V
Ipa= w = 0.235 mA
Omz2 =72 K.Im =2 (0_2)(292_?2)
=0,387 mA/V
1 1
Ag = 'z'gmzﬂp = 5(0.387){40)
= Aa =T7.T4
_ —gmaRps
4= 1+ gmafis
oms =2.fK. I, =2,/(02)0235)
= 0.434 mA/V
= —08)(4)
Az=7 +(0.434)(6) 0.482
80 Ad = Aar - Az = {1.74){—0.482)
= Ag = —=3.73
1 1
Ro=1u = 37— = ponharg) = 9K
Aoy = —gmaBp _ _ —(0.387)(40)
™ T 1+ maRe 14 2(0.387)(133)

= —~0.149
Acm = (~0.149)(—0.482) = A, = 0.0718

b. va=1m —1e = 03sinwt

iy =+ by
2
ro3 = Adlig + Acmlem
= {-3.73){0.3) 4+ {0.0718)(2)
= gy = —0.975 sin wi (V)

Vom = = 2sin wt

Ideal, Ac, =0
oy = Agvd = {—3.73)(0.3)
Or

= ygy = =1.12sinwt (V)

11.69
The low-frequency, one-sided differential gain is

B il
T'rr+R3
ry = 2000026 _ coyn
0.5

L
=.(100)(10)
A =8T
Av =t T aa =20

Ca = Cu(l + gm Ro)

0.5
= —— =182 v
Im = 5036 18.23 mA/

Cae = 2(1 + (19.23)(10)] = Ca = 387 pF
fi= 1
# = 2aTr-lRs](Cx + Cae)
1
= Z[5.2]10.5] x 10° x (8 + 387) x 1017
So

11.70
a. From Equation (11.117),

1 1
fa= 2xRoCo  2m(3 x 108){0.8 x 10-12)

Or fz = 39.8 kz

From Problem 11.69, f,, =883 &Hz_ From
Equation (11.116{b)}, the low-frequency commen-
made gain is

-Jm RC

Acm = [(1+%1) . 2;14;3]&]

L

"

Ty = 5.2 m. fm = 19.23 ID.A"V

So
-(19.23)(10)

Aem = [(1 . 0.5) +i(.}_‘11.)(°_".“ﬂ.]

52 5.2 x 10%

= =-99x 107"
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ar.T
CMRRqp = 20log,, (m:) =198.9dB nmn

The differential-mode half circuit ia:

777

Cmﬂﬁm

11.71
a. From Equation (7.72),

T = me e 2 Der
I'( v p] gm -'"—)R(_" A 7 toy
1 Vg2 = OF Ay = e ——

Im = 535 = 3846 mA/V 1+(1+'6)Rs re+(1+A)Re
Then '

38.46 x 107 Fe = (100)(0.026) _ 5.2 k2
800 % 10° = ———— 0.5

2r(Ce + Cu) 1

=1 (100)(10)
A= A2 _ 500

Or T 524 (101)Re 5.2+ (101)Re

Ce+C,=T7.65x 107" F = 7.85 pF
And C' = §.65 pF
Cu = Cull + gmRc) = 1[1 + (38.48)(10)]

= 386 pF

e

For Re = 0.1 k3 : A, =32.7
For Re = 0.25 k3 : A, =16.4

=

f _ 1
B Mt Ral(Cr + Cad)

p = 120 ln.oza =3.12k0

1
I8 = Se12)]1] x 109 x (6.65 + 386) x 10-12
Or

fa =535 kHz
b. From Equation (11.117),

1 1
f2 = Ry - 2e(10 x 10°)(10-1%)
Or

tz = 15.9 kHz




