Chapter 13

Exercise Solutions

.E113
Vinlmax) =V ~Vgglon) = 15-0.6 = 14.4 V
Vix[(min) = 4Vae(on) + V™

= 4(0.6) =15 = —12.6 V
—12.6 € Vin(cm) € 14.4 V

El134
L Vo(max) = V* —2Vgg(on) = 15 — 2(0.6)

Vo{max) = 13.8 V
Vp(min) = 3¥gg(on) + V™ = 3(0.6} — 15
Vo{min) = =132V

-13.2<V, €138V

b VW(max)=5-12=38YV

Vo(min) = 3Vag + V™ = 3(0.6) - 5=—-3.2V
~32<¥ <38V

E13.5
Iey =Ics = 9.5 gA
9.5 A _
Ipm=Ip= 200 = 0.0478 pA
= Im = Ips = 47.5 nA
El13.6
Insr 3 B2 2(0'2 =219 072 maA
Iﬂzp) 0.72 x 1077
Ve = V = {0. ——
B =Vrin ( Ts {0.026) ln To=ie
=0.650 V
50
Ingr = m—(-:om =Igsr =0.718 mA

Vg =0.650 V

IcwBy=Vrin (IMF)
Icae

Icre(5} = (0.026) In (%)

By trial and arror: Ioie = 18.9 kA

Vagu = Vagi = Icwe Ry = 0.650 — (0.0189)(3)
= Vago =0.556 V

Solutions Manual
~ fcre 189
foe = = =9.45 zA .
I 9.45 = 107
Vegs = Vrln (IL;) = (0.026) In (T;——)

= Vpps = 0.537 V
E13.7

l‘rc 34" 01 P2 A

sz T

Vas

L

0.18 % 1073 = 10" exp (‘2)
Vr

0.18 x 10~
Vp = VT ln (].OT)
0.18 x 107
= (0.026)In (_WT-)
Vp = 0.6140

Vg =2Vpp =1.228V

Vas/2
Icww=Icx =Isexp (%)
_ 1 {0.6140
=3 x 107 " exp (_0.026 )
foiy =Tz =0.541 mA
El13.8
10 — 0.6 — 0.8 — (=10)
Trzr = 40
= Ipgr =047 mA
I
IcrieRy = Vrln %—)
10

0.47
Ter(5) = (0.026)1n ( Im)
By trial and esror:
= Icga .;. 17.2 EA

~ Jciw

Ice = - = Ice = 8.8 A
Tciag = (0.75)rer = Igy3p = 0.353 mA
Ic1aa = (0.25rer = Ici34 = 0.118 mA
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E13.9

Ry = Re + R
Reye = oAt + Roal Roraa
B4 = T+ B

The diode resistance can be found as
Vo
Ip =Isexp(vr-)
Vo Ip
(%)-%

1 _alo _, (1.
ra  OVp -IS(VT) P

= o D —— —— 440
=TS = !

Roey = 172 + Roir||Rerss
e 1+8p
Roiap = ro1ag = 92.6 k1

Rayr = rour[l + gmir{ Rafirmir)] = 283 kD2

From previgus calculations

Rz = 151 KO

Rou = 2rq + Rgaq = 2(0.144) + 1.51 = 1.80 k2
Ro1aa = ronaa =278 kQ

BaVT (NO}(O.H?Q
Fxia = =
Icu &
1.04 4 1.81|278
R = 201 = 1410

Rq = Re + Rp1s = 2T+ 14.1
>R =410

= 1.04 kO

Solutions Manual

E13.10

Por (Js we have Vsgs = Vsgs = 1.06 V
So

Vspelsat) = 1.06 — 0.5 =0.56 V
For M, and M;

I
I = ?E = Ky(Vam "’Vﬂ-)2

D'ﬂgg' = 0.125(Vegy = 0.5

= Ve =0.8308 V
So maximum input voltage
=V* - Vsps(sat) - Vscy

=35—10.56 —0.898
= Vin(max} =354V

Por M,,
K, =(625)(20) =125 ud /V?

Vgsy =0.898 V
Vepi(sar) = 0.898 — 0.5 = 0.398 V

Vin(min) =V~ + Vass + Vepi(sat) = Vs
= —5 +0.898 + 0.398 — 0.898
Vin{min) = —4.60 V
—4.80 < Viy(cm) € 3.54V

El13.11

Vo(max) = V* — Vsps(sat)

Vsas = Vsas =106 V

Vsos{sat) = 1.06 - 0.5 = 0.56 V
Vo({max} =5 -0.56 =444 V

Va(min) = V'™ + Vpsr{sat)

Vst = 1.06 = Vpgr(sat} = 1.06 — 0.5 = 0.56
Vo{min) = =5 + 0.56 = —¢.44
=444 <y <44V




Test Your Understanding

Chapter 13: Exercise Solutions

E13.12
(8) For M,, K,;=125 ud/V?

Kr’(yns +Vrr)= = K":%:h

5+5—V.
Q. IES{Vscs -10. 5] %

12.5(V555 - Vsgs + 025) = 10 — Vsag
12.5V3gs — 11.5V50s — 6873 =0

11.5 £ f(11.5)* + 4(12.5)(6.875}

Vsas = 2(12.5)
Vegy =133V
Then
10 —1.33

Ingr=Ig=Ilps=Ipr =

100

Ipy =Ipa=1Ipy=1Ip. = I?Q' = 4335 uA

= 86.7 uA

0K, =K,= 125 ud 1V?
1 1
N R T (T T e
G {0.02)(0.04339)

input stage gam
A, = 2K,.1, (r.¥..)

= f2(0.125)0.0867) -(1153[1153) =
A, =849
Transconductance of M,
Bur = 2K 115y =2,/(0250)(0.0867)

=0294 mA/V
I S 1
AL, (002)0.0867)
Seoond stage gain

2 = BurlTuallue) = (0294)(577577) =

A,,, =848

Overall gain = 4, - 4,, =(34.9)(848) =
A=7200

rl? =

=577 £Q2

E13.13
Iy =lp=25ud

=g _z{ ' [T)Im = z{fg 25)25) =

B = B =226 A1V

w )

£ =364V

1
Sl =T =Toae =57

A, (© 02)(25)

Ry = 8oalrtine) =(224)(2)(2) = 896 MO

Ry = goilrdrdr.) = 316(2)(1f2) = 21 M2
Then

A, = g {R|R.) = 224{421[896) =

A, = 64,158

El13.14

(2) 4, = Bgml(roﬁ“ral)

g =2 [2 T)Im =2 [8;}20)(50)

£ = 400 A IV
1 1
r, = = = 0333 M'Q.
*7 A, (002)f150)
re= 1 = ! =0333 MQ

Al (002)150)
A, = 3(400)(0333§0333) = 4, =200

1
® Jro = 3R{C+Cr)
where R, =rlr, =0333)0333 MQ

1
oo = 2r(033}0333)x10° x2x1072 =

Feo =4TTkHz
Seo- A =(477x10°)(200) = 954 MHz

El3.15

(a) From Exercise 13.14, g, =400 zd/V
r £0 =Ty = 0333 M0

;uo —ZJ(—- = ZJ — [20){(150) =

Bt = 490’”[!?

B /AN s

Gz =093 2d/V
R, = g orore) =(490)(0333)(0333) = 543 MQ
= g lrte) = (693)(0333)(0.333) = 768 MQ

Al = ‘Bgul(Rnlﬂ“Ral!) = 3(400}(54.3“76.8) =
A, =38172

(®) R, =R, ,|R,; =543768=318 MQ
fro= :
7 2a{318x10°)(2x10™)

Son- Ay =(25x10°)(38,172) = 954 MHz

=250 kHz



El3.16

() 4, = gu(RalR)

From Example 13.10,

2. =316 44 IV , R, =316 MQ
Now

Ry = g-s("n)("ulhl)

r, =1 MQ,r, =05MQ

go=teeo 30 o33 mary
v, 0026

T =K£——-§%=L6Mn
[

Then :
R, ={1923)(1600)(0.51) = 1026 A2
A, =(316}1026[316) = A, =76343

1
® Jro= 27316[1026)%10 52210
S =329 He

Soo+ As =(329)76,343) = 251 MH:

E13.17

V* V" =Vem +Vgses + Vaer + LR,
=0.6+0.6+0.6+{0.24)(8) =3.72V

So
Vi=-V-"=18V
El13.18
Por Q7 and R;
Voo = Vagr + L Ry = 0.6 4+ IL(5)
For M, :

L=K,(Veg+Vp)
I = 0.3(Vsg - 1.4)°
By mial and esror:

Vig =254V
L=l=0388ma

E13.19

v
reis = Ve = !200)!0.026!
Ic1a 0.20
= 26 k{1
Rz =rm3+(1+ 3R =26+ 201(1)
= 227 k2
ro1o = i = i = 500 k00
0% = X (0.02)(0.1)
Va 30
roiz = Ton s 500 kO
_ Ieva 0.1
gmiz = Ve = 0026 - 185 mAJY
V- .
T =f_’r=w=52m
ci12 0.1

Raeer = ronz [1 + gmiz (TfﬂllR-")]
= 500[1 + (3.85)(52)|0.3)] = 1453 kQ}

4,= leas '(rolol{a-IIRn)
= /2(0.6)(0.2) - (500[1453]]227)
= (0.490)(141) = Ag = 69.1
E13.20
For Js biased in the saturation region

= [cz = Ipss = 300 pA
Q. Q2. Qa are marched
= [ =Joa = Iz = 300 nA
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Chapter 13
: 1
Problem Solutions © fop=-=—— and
2R, C,,
133 C,, =(10X1+2813) = 28,140 pF
@ 4, =gu(ralulR) R, =ralrJRe = 44jL16 = 0.734 MO
_fn_ 20 - L =171 Hz
En =Y, " 0026 0769 mafV Tro 27{0.734x10°)(28,1401077)
= B vo Gain-Bandwidth Product ={7.71){159x10°) =
"I, 20 123 MHz
v, 80 —_—
=M= =4 MO
Gl 13.4
Re=r+(1+8,) [Rlﬂ’ﬂ] 2. Qi acts a3 the protection device.
art (a).
_(20fe026) o b Same as part (&)
T 02 13.5
If we assume Vpgp(on) = 0.7 V, then
Ing EM=E=O.O3OMA
R 20 Via =0.7T+0T+50+5
- (120)(0.026) _ 104 k€1
0.030 So breakdown volmge = 56.4 V.
Then
=104 +(121)[20015.6] = 1.16 MQ 13.6
-ﬁ:m (12fcptse] 15-06-06—(-15)
(@) I = =050
A, =769(4lafL16) = 4, =565 &
Now - =R, =576kQ
I
Vo=l = ‘(ﬁ.fn o = _ﬂu’a(R‘ fr )l.s Ieofe=V; l“(f:}
0025 050
s——In| == R,=244i
= —ﬁ.(“ﬂ.)’a[ﬁ)& and [, = R. R 0.030 (0 030) = L=
z7 [
Then {b) Im-Mz loge =0153md

A., =V_¢="ﬁn(1+ﬂ-)ro‘l'( Rt )
v, R le""ﬂ

ra= V—‘ = -8-9-— =400 k)

I, 02
So

—(120)(121)(400){ 20 )=

1160 \20+156
A, =-2813
Overall gain = A,- A,, =(565)(-2813) >
A =-159x10°
(80)(0.026)
=2, and r,, ="t =104 k02

®) Ry =2, n 0020

R, =208 k2

Solutions Manual

576

1,0(2.44) = (0.026) l.{ 01'153)

<

By trial and error, J,,, =211 zd

13.7
@) [y =050 mA
3
Voo =V, In| 222 | - (0026)In @51_“0_):,
1, 10

Vog = 0541V =V,

Then
=15--t).t.‘wﬂ-0.6-41-(-15)=> R =574k
050 -
R, =29026, (osm)]=> R, =244k0
0030 10030

00302107
VBEID = 0026 I'{IO—-“) —23 Vum = 0567 V
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(b) From Problem 13.6, Jpgr S 015mA
’ -3
Ve =Veni -0026]{2%9—) 0609¥

_ 5-0609-0609 - (s):

Then [ o
o 574
Toge = 0153 mA
Then {,,, =211 44 from Problem 13.6
_ 5—10.6—0.6-(=5)
2. Ingr= 0
= [gepr =022 mA
T
IcnBe = Vrin ( Iur)
C1la

0.22
lew(s) = (0020)1n ( $2)
By trial and error;
Ig1o = 14.2 pA
~ Iew
Ics = - = Icg = T.10 pA

Icir = 0.75/per = Igp = 0.165 mA
Iciia =0.250pgr = Ig134 = 0.055 mA

b. Using Example 13.4

el = 31.5 <1
= 50[[31.5 + (201)(0.1)] = 5001516
= 25.4 k)
r = Vo
18 l 18

_ 0.188 + (0.165)(0.1) + 0.6
= 200 50
Fpig = 354 kOO

Then

= 0.0132 mA

Riz = 394 + (201){25.4) = 5.5 M2

res =732 k0
gms = L:% =0.273 mA/V
Toe = 005% = 7.04 MQ2

Then

Rocer = T.04[1 + (0.273)(1)]732)] = 8.96 MQ

50
ro4 = m = T1.04 MO}

Solutions Manual

Then

7.1
Ad= (0 025){7 04)[8.96[15.5)
or

Ag = —827 Gain of differential amp stage

Using Example 13.5, and neglecting the input
tesistance to the output stage:

_ Va_ 50
Racea = Tons = 065 = 303 k2
M —~{200){201}({50)(303)
v2 =

[5500)(50 + 31.3 + (201)(0.1))

Qr

Az = —1080 Gain of second smage
13.9
Icio =19 A
From Bquation {13.6)

B.%-+2ﬂp+2] [(10}2+2[1o)+2]
forg = 3 | = | e 2 | el
c1e [ﬁ’ +30p+2 (10)7 = 3(10) + 2

122

21[132]
So
132 -
2= {19)(122) = 20.36 pA
Ioa = I = 10.28 A
Ios = ”2 - 2"‘“2 = Igs = 17.13 wA
(+5) (+%)
Ies 1713
S io; LA =17
Im ) 10 = Ips =1.713 g
I 10.28
= e @ i = [, = D.9345 pA
Iso=mgagy =11 = _2mn
i (10)
= =(10.28) —
Ien I(l +ﬂp) 1028\ 11
- Ict, = 3.345 ].IA
13.10

Vgs - V™ = Vgg{on) + Ies(1)

= 0.6 + (0.0095){1) = 0.5095
0.6095

=12.2 pA
%0 = ler B

o7 = /0
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Icy = Ice = 1% pA
Irer =0.72 mA

Igwy = Iagr =0.72 mA
oy = 118 gA

Pawer = (V' — V7 ) [lcr + fos + fcs
+Irer + 513 + {cu]
= 30{0.0122 + 0.019 + 6.018
+0.72 4 0.72 4 0.138]
= Power = 48.8 mW

Current supplied by V¥ and V™
=lor+Ics + Ics + Inpr + Ie1a + fo14
= 1.63 mA

13.11

() v (min)=-15+06+06+06+06=-126V
V(max) = +15-6=144¥
So -126<v_<144F

®) v, [min)=-5+4{06) =26V
v (max)=5-06=44V
So -26<v_ <44V

13.12

Ewvw=V" = <15 V, the base voitage of Q14 is pulled
low, and Q1¢ and Qo are effectively cut off. As a first
approximation :

0.
Iew= T A 23.2 mA
22.2
Io = 200 = 0.111 mA
Then

Icns = Ic1aa — Iga = 0.18 — 0.111 = 0.069 mA
Now

Veews = Vrin (E'E')

Is
0.069 x 10~
=0.583 V
As a second approximation
0.589
o= 3037 = Ic1q = 21.8 mA
21.8
Ime = 200 = 0.109 mA
and

Icis = 0.18 = 0.109 = [giy = 0,071 ma

13.13
d. Neglecting base cuments:
Ip =IBtas
Then
Ves = 2Vp = 2VrIn (I—D)
Is
0.25 x 107
= 2(0.026)1n (W)

or

VEE = 1.2089 V

Vi
Ien=lcp=1Is exp (-%/2)

=5 x 1071 exp( 1.2089 )

#(0.026)

So
ley = [op = 0,625 mA

b. FOI'U;:ﬁV,EL;._ﬂ

iz =i=1.25 mA
—_—t

As a first approximation
Icny = i = 1.2 mA

1.25 x 1072
] ————— — . V
Vaex = (0.028)1n ( T ) 0.6225
Neglecting base currents.
Vpz =1.2089 V
Then Vegp = 1.2089 — 0.6225 = 0.5864 V

0.5864

- ~14
Icp=5x10"" exp (“0.026

) 2= fep =0.312 mA

As a second approximation,
Ien=ir+lep=124031= Icy =156 mA

-3
Vegy = {0.026)In (M

— ) = 0.62826 V

Venps = 1.2089 - 0.62826 = 0.5806 V

-14 0.5806
= 2958 =0,
Icp=5x10 axp(u'mﬁ)afgg 0.25 mA
13.14
Ro+Ra= B2 BT _ o oakn

{0.1)Jaras ~ 0.018
0.8)1

Veg = Vrin I—C.) = (0.028)1n ([ ) sus)
Is Is

= (0.026)In (0.162 X 10-3)

10~
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Vg = 0.6112V

Ra
ves = () Voo

R;
0.6112 = (sma) (1.157)

S0

R; = 33.96 ki
Then

f; =30.32 k00

13.15

@ 4, =-ga(rulrlRs)

From example 13.4

95
= 23 _365,4/V, 1, =526 MO
8= G005 - 3 HIV,

Now
r,=r, =526 MQ
Assuming R, =0, we find
Ry =rus +(I + Jﬂn)R;
=329 +(201)(5009.63) => 1.95 MQ2
Then
4, =—(365)(526f526}L95) = 4, =-409

{b) From Equation {13.20),
_ B+ BIR(R Rl Rur)
Y Ry{R + [ +(1+ BIR]}
For R, =0, R, =195 ML)
Using the results of Example 13.5

~200(201)(50){92.6j405002.6) _

(1950){50+9.63}

A, =-192

13.16

Let Icwo = 40 pA, then Iey = oz = 20 pA. Using
Example 13.5,

Ria = 4.0T MQ
o (200)(0.008) 00

0.020

0.020
= — = T
gms = gome 0.769 mA/V

50
fga = m# 2.5 MQ

Then
Reory = 2.5[1 + (0.768)(1{|260)] = 4.42 MQ

§0
fos = m = 2.5 MQ

Then

Ag= - (I_;:_,_) (roafl Raen || Ria)

20
= '(u.oze) (2.5]14.424{4.07)
So _
Ag= =882
13.17
Now

Tr1a + Ro1
— ———a Ry =
R = 1 .B.P and Ao = Rs + Reid

Assume series resistance of Qi and Qs is small Then

Ror = rmizal Razz
22 + Rorrflroism
where R.12 = = !

1+ 4p
and Rorr = ror{l + gmi7{ Rallrmr))

Using results from Example 13.6,

rer = 9.63 k2
gmi7 = 20.8 mA/V

rez = T.22 ki
royy = 92.6 k2

Then

Royr = 92.8[1 + (20.8)(0.1]|9.63)] = 283 kO

50
ror38 = ger = 92.6 k1

Thea

Rugs = T.22 + 283“92.6 =151 k00

51
Roy = roraal] Reze = 278[|1.51 = 1.50 kR

!50!5(;.026! = 0.65 k0

Txld =

Then
Rupe = 288150 _ 4 g0 k0
51
or
Ray =42.20
Then

Ro=42242T= &:EQ.Z“
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13,18 13.20
Tl i. oﬂm gml and ama2
Rig = 2["‘:1 +(1 +ﬂn)(1 +5P)]
. = 200 and Ap = 10 WY #,Cu
Assume g, =2 Be K,=K, = (II——-——’Z ): (12.510)
Then =125 yd 1 V?
5
o (200)0.026) (oo o
0.0095 I
. = (10){0.026) _ .0, 1q gmt =gm2 =2JK, - =2,,‘(o.125)(|0)
= = TT0.0095 '
= 0.09975 mA/V
Then
(201)(27.4)
R""=2[5‘7+ 1 ] rf(-‘;i) is increased to 50, then
af .
Rig = 2.095 MQ K, =K,, =(50§10) =500 pud /¥
13.19 Se
We can write gmi = gmz = 2+/(0.5)(0.0199) = 0.1995 mA /Y
A(fy = Ao b. Gain of first stage
(1 +5L) (1 +ji)
frp o h Ag = gmai{roz]lres) = (0.1995)(5025]}5025)
356, 79
I (PPEAY AT, N
54 7 Ag =501
Phase: Volge gain of second stage remtains the same, of
¢$=—tan”' ('5{—3) - tan™’ (%) Auy = 251
For a phase margin = 70°, ¢ = -110° Then A, = Ag- Ay = (501)(251)
So ot
Ag = 125,751
® — -1 L - -1 L
- 110° = =tan (5.43) tan (h) 13.22
Assaming | 2 5.43, we have s K, =(10)(20)=200,4d/V* =02 md/V*
tan™" (f-) =20 > L =0.364
h h 10 — Vsg = (-10)
Ipgr = Isgr =

200

At this frequency. lA[f)] = 1, w0 = kp(Vsg - 1.5)°

356, 796 20 — Vso = (0.2)(200)(Vig — 3Vso + 2.25)
‘3
v 1+ (5 43 1+ (0 384) 40V35 — 119Vas + 70 =0
338,375 119 £ /(119)? — 4(40)(70)
1+ ---) Vea = 740
5.43
= Veg=21TV
or L= =1335,275 = f = 1.82 MHz Thea
543 20 —2.17

Then, second pole at Iup——:fup=89.2m\

200
f= 0;!64:% Ms, My, My mamched transistors so that

Ig =Ipr = {ngr = 89.2 kA
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b. Small-signal voltage gain of input smage:

A= JZKNIG ’(rnl"u)
l =

1
o1 = = = 1.12 MQ
Aplp (0_02)(392.2)
1 1
Toy = = 2.24 MQ
Anlo (0.(31)(3—':"2'2

Ag = /2(200)(89.2) - (1.12]|2.24)

or

Ag=141

Small-signal voltage gain of second stge:

Auz = gmr{rorflros)

K., =(20)(20) = 400 2 /V*

So
gmt =2./K, 15, =2,/(0.4)00892)
=0.378 mA/V
Tos = )Lplfp-r = (o.uz)(t.nasz) =361k
ror = J...}m = (0.01)(10.0592) = 1121 k2

Sa

Ava = (0.378)(1121]|561) = A,p = 141

Then overall voltage gain
A, = Ay Aua = (141)(141) = A, = 19,881
13.23
Smail-signel voltage gain of input stags:
A, = q‘zxpnlq '("-:Iru) .
X, =(10)10) =100 zd /¥*
1

e (529-) - (o.onl(i’-f-)
1

Toa = N (f_:_) = (0'005)1(@;;_2’) = 2000 k£

Then
Aq = +/2{0.1){0.2) . {1000}|2000)
or

Ag =133

Solutions Manual

= 1000 k2

Small-signal voltage gain of secoad stage:

Az = gmr(rorlires)
K., =(20)(20) = 400 pd /V?

So

gm1 = 2JK 1o, =2,J(0.4)(02)

= 0.566 mA/V
S

T8 = Xrlor | {0.01)(0.2)
I 1

T = Nolor | (0.005){0.2)

= 500 k{2

= 1000 kN

S0

Ayz = (0.566)(1000(|500) = A, = 189

Then overall vollage gain is

Au = Ad- Aug = (133)(189) = A, = 25,137

13.24
1
fep = 5T
where R., = rou||ro2 and C; = Ci {1 + |Auzl)
We can find that
Ayz = 251 and o4 =Top = 5.025 M3
Now
Rog = 5.025]|5.025 = 2.51 MO
and
Ci = 12(1 + 251) = 3024 pF
S0
f _ 1
PD = 2(2.51 x 10°)(302% x 10-12)
or
frpo =210 Hz
13.25

1
feo = Tx Regli
where qu = Tgye "‘l‘n-;

From Problem 13.22,
ror = 112 MSY, roq = 2.24 MO and A,; = 141



1
8= 2x(1.12[]2.24) x 10% x C;

or
C, =266 x 107" = C1{1 + |Auz|) = C1(142)

or

) = I88 EF
13.26
= ?o'rﬂful
We can find that
fgr =Tos = 2.52 MO
Then
Ry = 2.52]|2.52
or
Ra = 1.26 MD)
13.27
a.
'z + =
T
\’éﬂ ‘ﬂ“.\ést el
- A
J?e,.

——
—

Vo = (gm1 Va1 Mot [Iroz)
Vi=Vaa+ W
Then Vo = gmi(ror]|ro2)(Vr — Va}

Qr

A = gmi1(re1liroa)

T 1+ gy (Tas]|roz)

v, v,
b, Ix+gmiVou = X X and Vosn = ~Vx
Foz oy

= o | v

13.28
{a) 4, =g,,,(R,‘|R..)
£ =2 JK 1 og = 2,J(05)0025) = 224 pd 1V
Zwi = e

2o = 2J(05)(0:025) = 224 g 1V

1 1
rﬂ = rnﬁ = r‘,‘ -ralﬂ - HDQ - (0.015)(25)
1 1

Tz 133 MQ
Gl TN (o.ms)(so):'

=267 MQ

Now
R, = g (o) = (224)(267)(2.67) = 1597 MQ

Ry = goslrusroalra) = (224)(267)(2.67[133) =
R =531MQ

Then

A, =(224)(5311597) = 4, =89,264

®) R, =R R, =531[1597= R,=398 MQ
© fro == : >
™7 2aRC,  2a{398x10%)(5x1077)

Jep =80 Hz
GBW =(89,264)80)= GBW =7.14 MHz

13.29 , 1
Q) 7, =7y =l === =2 M
P 2, (002)(29)
! 1
= = =2.67 ML)
R (0.015)29)

1 1
T = A1, (0015)(50)

g = zJ(izi %)l(m - 41.3J[%)1 —g.
g =2 (% %l(zs) - 632‘!@:

R, =R, "Ru = [gus(ros)(ru ural)][gll (rotrclﬂ )]

Define X, =J@—)‘ and Xﬁ\/@:

Then R, =[632.,(267)1332) [418.x,(2)(2)]

22,539.X, X,
= 138X J1672X, = ——— 15
d 'T1348X, +1672X,

22,539.X, X,
1348X, +1672X,

=133 MQ

A, =gaR, = (41-8X1

= 10,000

o 5] o
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We then find ®) R, =r . =07410741> R,=3714Q
2 o[®) 2406 =(Z -
)T 1 |
\ ’
= = =
and © Jro 27R,C  2a(371x10")(5x107?)
(K) =185 frp =858 kHz
13.30 GBW =(272)(858x10°) > GBW =233 MH:z
Let V* =5V V" =-5VF 13.32
P=1(10)=3= I, =03md i
= =05 MQ
= [y = 0.1 md = 100 ud @ 7 = o022 3)a0)
1 1
ro=r, =t LMQ == 0667 MQ
= {00z)(50) "ot = {0015)(25)40)
rﬁz——l—-a—=133MQ 4, =Bgﬂl(roﬁlrol)
(0'0151)(5 ) 400 =(2.5)g,,(05[0.667) = g, = 560 ud/V
£y = e = 0667 MQ
= (o015)100) g =560=2 (3—201%’-)(40) = (%) =49
[3sYw —
=2 (? I] (50) =592, =g,
! Assume all {#/L) ratios are the same except for
i wY _(W
where X, = [—) M, . (—] = (—) =1225
1 L A J\Js and § 7 ) L .
Assume all width-to-length ratios are the same.
W he bias volt
O R O e e
Now s
R, =R R, = [gms(r-c)(’ul’-n)]'[gut(r u’ho)]
=[89.4.X,(L33)0s671) | 5921, (1)1)]
_[476X,)592X,) M. -
=15 J[s92x )= %, +502%, SAeVNs
So R, =264X,
Now . i
A, =g R =(592.X,)264.X,)}=25000 Taer ' )
So that X::%:M for all transistors =52 A

(a) 4, =Bg-|(’.¢l’.|)
11
Tt = e (0015)(%)

' 4 W
__XW =2,/(500)(30) = 245 ud /V Assume (-E)d = (f), =49
- (3)(245)(0 T4 > 4, =272 I, = (% 49)Vrgge ~05)° =805 Vgg, 0702V

Then

80V W "
=20={ L) (e -05

13.31 g }——l{:j My
1

=0741 MQ) -V



For four transistors

Vi = ———10“2'702 =2325V

SOY W 2 W
80=|—1—1(2325-05) = | —| =080
(z L)c( ) (L)

1
2aR,C

1
27(286x10°)(3x107"}

GBW =(400)(185x10°) = 74 MHz

©) frm= R, =05]0.567 = 0286 MQ

Sa=

=185 kH:

13.33
(a) From previous results, we can write
R Sulo( Ilroli)
Ry = Sua{furaf)
A, Bgm(Rawn 1:)

Now
Foo =Fog = L = !
0 A B(1,72)  (0.02)(25)(40)
F =y = ! = L
T A,8(1,/2)  (0015)(25)(40)
Assume all transistors have the same width-to-
length ratios except for M, and M,.

(B

Then

=05 MO

=0.667 A2

£on -z,f[—- 7). lome) =2 [ Zresien

=8367X

Zu = J us (Im.,) zJ(%)x‘(zs)(m)

=]265X

Zu=2 ‘(%)X’(m) =80X

‘Then
R, =(83.67.X){05)05) =209.X M

R, =(1265X)(0667)(0667) = 563X M)
We want

20,000 = (2.5)(80.X)[209.X[563.X]
(209X)s63X)

=200 = 2
209X +563X ] sosX

(b} Assume bias voltages are V" =5V ¥/~ =—-5V

+5V
M" Ff wvE
TS 15t
! 5
:FREF ) ‘ %:
=5 Foud

4 ||

-5y

Assume (%)‘ = (%)’ =656

80
I,=80= ( )(656)(:/ -05) =
Vs = 10527

Need 5 transistors in series

Vaa.::w:l_?gy

Then
Lngs _so_(% —] (175 -05) =

W
—I| =120
(L]c'

© fia= # here R, =R loIR-u

Now

R0 =2094/656 = 535 M
R,,, = 563/656 =144 M0}
Then

R,=535]144 =39 MQ

P 1
=7 2a(39x10°)3x107"%)

GBW =(20,000(136x10°) = GBW =272 MHz

=136 kHz
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13.34
A= g_(M,)-[J;,(M, )l’u(Qz)]

Bu(My)=2 !(52 25)(100) = 447 pd IV

1

M _——-———-—_soo
T M) (002)(01) “
14 120
J;I(QI)“—!-A-=E-I—=IZDOH)
ce
Then

A, =447012)=> 4, =158

13.35
A, =g_(M;}'[ﬁ.:(Mt) a!(QZ)]

g(M;)= 2’[— 25)(100) =632 pd 1V

1

ra(M;) = u,,q ~ {00150 = 667402
80

5 =—=—=300m

7.(C:) Y

4, =(632)(0.667)080) = 4, =230

13.36

£ o = 200 piA K,=K,=0Smd/V*

A,=2,=0015p""

A= S.I(RJR“)

where
Ry = Zoa(TutTut0)
R4= g-ﬁ(roﬁxrﬂlhl)

Now

G =2fK Ipy =2,(05)(01) = 0447 mA /¥

1 1

r, = = =667 k&2
*7 a0, (0015)01)
Fye = ! =667 k)
- DE
I 01
=£=....._._
T =3846md/V
80
7o=—4=—=80040
“ I, ol
1 1
r,= = =
“ A1, (0015(02) 330
L 1 _s7i0

r,= -
AL, (0015)0d)

8 =2,{K 15y = 2,J(05501) = 0447 mA 1V

Solutions Manual

Sa
R, ={0447}667)667) = 1989 M

R, =(3846)(800)(333J667) = 683.4 M

Then
A, =447(1989]683.4) > 4, = 68,865

13.37

Assume biased at ¥* =10¥ V" =-10V
P =310 (20) =102 [y = 167 pud

4, =gﬂl(R06uRal)=25nooo

k) =80 ud/V? k), =35uA1V"
A,=0015V" A, =002V

e (2) 145)

Ry= g-l(r.ut’::m)
Ry= g-c(rac)(ru“"ou)

1 1
= = = 0.60 M)
Al (002)833)
1
= = 0.60 MQ
roln A’ID'
k.l
. _zJ[_z- %) I, =z\((35 22)X(833)
]
=1133X
where X? =(E)
L/,
o =Z-"—-=—-s£=0.960m
I, 833
o= el =040 MQ
A1, (0015(167)
1 1
= 0.60 MO
& A0 ol oz)(sss)
I _ 833

=85 =" . =3204 gd/V
Ews v, 0026 s

=2 J[‘F IW i 2‘[ 33 )22}.1”(833)

=1133X
Now

R, = (3204)(0560){0.40}0.60] = 738 MQ

R, ={1133X)(0.60)(0.60) = 408X MQ

Then

A, =25,000=(1133X)[738}408.X]
30,110X ]

=(1133X )[7ss+4o.sx

which yields X =248
or
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X‘:G.lﬁ:(z)
L),

and

¥ =(22){616)=123
(%), -e2te19

13.38

For vem(max), assume Vep{Qs) = 0. Then

Vs=15=06-06=138V

0.236
Ips =Ipw= - = 0.118 mA

Using parameters given in Example 13.11
I 0118
V.= [-2_V = f—-+l.4=2.l7V
® J k, 7 Yoo
Then

Vem(max) = 13.8 ~ 2.17 = v (max) = 116 V

For

vem(min), assume

Vm(M9)=V:o(Mf)=Vm +Vp
=2I7T-14=0TTV

Now
Voio = Ipm{ﬂ.S) + 0.6 + 1910[0.5) -15
=018 4+0.6-15= Voo = —14.28 VY

Then

¥om(min) = —14.28 + Vep(sat) — Vsg
=-14284+0.7TT =-2.1T= -15.68 V

Then, common-mode voltage mnge

—15.68 < vem < 11.6

Qr, assuming the input is limited to 15 V, then
=15<vm <116V
13.39
For [y = . = 300 pA,

Vsa=Vae +(0.3}{(8) =06 +2.4=30V

Then
5L, =K (Ve “'Vrr)z
03=K,(3-14)

= K,=011TmA/V*

13.40

Por Veop = 0 for both Qs and @5, then

Vs = 0.6 + 0.6 + Vsg + {—V5)
So2Vs = 1.2 + Vsg
Now

06+ R =Vy = ’k‘r'—+Vm and § =1,
’

Also [, =10, =K,V +V,,,)2 50

0.6 + (0.25)(8}{Vsg — 1.4)° = Vs
0.6 +2(Véz — 1.8Vsg + 1.96) = Vsg
V3. ~6.6Vig +4.52 =0

6.6 £/(6.6)° — 4(2)(4.52)
2(2)

=233V

Vse =

Then 2Ve = 1.2 + 2.33 = 3.53 and

Vs =1763 V

1341

1(‘,‘_5 = [C| = 300 ﬂﬁt

Using the parameters from Examples 13.12 and
13.13, we have
_ BaVr {200)(0.026)

Riz =193 = Ic1s 3 =173k

0.
de = I T (Ro) = JEEY03) (173)

Ag=10.38
Now
_ Ic1s 0.3
Fmiy = 7 5026 = 11.5 mASY
Vi 30
fou3 = Tom = 3= 167 k0
Then

lAvzl = gmus - ro1s = (11.5)(167)

or
{A.2] = 1917
Overall gain:
[Au| = (10.38){1917) = 19, 895

13.42

Assuming the resistances looking into Q4 aod imto the output
stage are very large, we have
5 Ro1a
re1y + (1 + F) Rers
where Rowy = rowsfl + gmiz{Rzs|res)]

|[Auz| =
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50
Ie1a = 300 ﬂA. Fpia = —— = 167 kN

0.3
fmiz = -9-% = 11.5 mA/V
el = @é%@ﬂ =17.3 kN
S0

Rory = (167)[1 + (1L.5)(1f17.3)] =» 1.38 M
Then

__(200)(1980)  _
vl = T3 r @ - o
Now
Ci = Ci(1 +}Au]) = 1201 +1814]
= C, = 21,780 pF
1
fro = 5RC,
Req = Rizljreaziiran
Neglecting Rs,
1 1
rol0 = ST = GOR)E.I5) k
Neglecling Ry,
50
To12 = m =333 kﬂ

Riz =rea + (1 + 8)Rma =173 4+ (201)(1)

= 218 k{}
‘Thea
1

Solutions Manual

fre = S T218]333]1333] x 10° x (21, 780) x 10—

or

!pp = 77.4 Hz

Unity-Gain Bandwidth
Gain of first stage:

A, =J“Jm'(&zl’m .u)
== +/2(0.6)(0.3) - (218)|333||333}

= {0.6)(218]|333(|333)
or Ad = 56.6
Owerail gain:
A, = (56.6){1814) = 102,672
Then unity-gain bandwidth = (77.4){102, 672)

= 7,06 MHz

13.43

Since Vgg = 0 in Js, Irer = Ipss
= Ipgs = 0.E mA
13.44

8. R =res+(1+ 8)res +(1+ A)REl

(100){0.026)

s = =13 k{}
Tms 9.2
~ {ce 200 uA
zlce AL 40
fes = =5 T
So

roy = (100)(0026) _ (00

0.002

Then

Riz = 1300 + (101)[13 4+ (101)(0.3)}]
or

Rz = 5.67 MO

b, Au = gmp{rozllred| Riz)

dm2 = %- Vip-Ipss = :.2,: /10.1)(0.2)

= 0.0943 mA/V
roz = len T 2){0 TR = e
rn4=-1‘%=%‘—2=500kﬂ

Then

A, = (0.0943){5001j500]|5670]
or

Ay =226
13.45

a  Nesd Vop(Qg) 2 Vsp(smt) = Ve
Por minimum bias +3 V

SetVp=3dVand Vapr =3V

Vzix — Vpi
Rs

soﬂntfh—--—:-&_uk

Irem =

Sethimvin Qg = Iagm +lz: =0.1+0.1 =02 mA



b. Neglscting base currents

12 - 0.6

Iy =Ipgr =05 mA = T

50 that
Ry =228k

13.46
a. We have

gmz = l‘f—Pl Vip-Ipss = % ~/(0.5)(1)

= 0.354 mA/V
1 1
f‘o:—n’;—ﬁm—lﬂﬂkﬂ
V. 100
o4 ='I-;:-—- F=200kn

0.5
gmi = G = 19.23 mA/V

_ {200){0.026)
Fad = __0.

s = 10.4 k2

S0

Roy = rau[1 + gmi(rml|Ra)]
= 200[1 + (19.23)(10.4{]0.5)]
= 2035 k{0

{Ad| = gma{roz]l Ros || R2)
For By — =
|Ad] = 0.354(100{|2035) = 33.7

With these parameter values, guin can never reach 500.

b. Similacly for this part, gain can never reach 700,



