Electronic Circuit Analysis and Design, 2™ edition

Solutions Manual

Chapter 6
Exercise Solutions ¢ o= 0dsinwt = ve, = ~(8.9)(0.4)sinwt
E6.1 vys = —3.536sinwt
£- =2K-(VGS _Vm) and CAt Vo =6 ~ 156 = 1.44
| =K (V V. )2 Veer = 2.89 + 0.4 = 3.29
o~ Taltes T Vv
0.75 = 05V ——0.3)2 = Vg =2.025V Vosi = Vpy =329-2= l.2.9 -
g. =2(05)(2.025-08)= g, =122ma4/V So Vg > Vg — Vi = Biased in saturation region
=1 Eb.4
a =[/‘LK“(VG$ - m)zl
27 a. Vspoe = Vop ~Ipqflo
=[(ooryosY2025-08)"] =
r, =133 7=12—qu{5)=>!;99=0.333 mA
- Iog = K, (Vi = WVrl)
E6.2 R 0833 =2Vsc ~ 1Y = Vsg =165V
8= 2K, (Vs —Viy) and 1 = K, (Vis = Vi)
Ff . =2K (Vi =V,|) = 2{2X165-1
=V -V = _[%g and b Em r( 3G l TPD ( }( )
7 " = gm =26 MA/VY. =
8n = 2K, =5 =2{K, 15
) Vv
gk (3.4)2 - e
K === —=145mAlV
4i  42) Ve Y 2,
ry
#,C, W 3 V
K — a—er -~ S:
" 2 L 4
w w -=
145= (0018} — |= —=806
conF)= 7
T - = = ~(2.6)(8
r, =[AK,Ves =V )'] =[A20g] Av= 2= —gnRp = —(26)6)
r,=[(0015@2)]" = =333+ = Ay = 156
E6.3 E6.5
L "DQ=K-|(VGJ_VIN)2 Ioe =K, (Vos =V, ¥ = Vo =V = oo
D@~ ‘tal\TcCs ™ G5 ™ K
0.4 =05(Vos —2) = Vgs =289V

Vosqg = Voo — fpgRp = 10 — (0.4)(10}
= Vpsg =56V

b.  go=2K,(Ves —Vpy) =2(05)(289~2)
= g = 0.83 mA/V
ro=[Ape]™, A=0=mp=co

v =t = —gmRp = —{0.89)(20)

= A, = -89

1
g = 2K, (Vs — V) =2K, -2

K
So g.= Z,IK,,IDQ

E5.6
4

= 2:;24,'6! + Ve

040

= = n=0153
@ = R ———
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040

: E6.10
M) p= = n=0I104 2
2;2(0'35)*"3 4. Vsc=9-IpgRs, Ipg= KP(VSG -]V,,l)
= =2.J{05)075) =
£n = 2K Tog = 2J{035)(075) = 122 ma /v s = 9 G Ven 27
For (a), g = 8.7 =(122)(0.153)= ,
8o =018TmAIV 1=9 - 24(Vég — 4Vsc + 4)
For (b), g,, =(122)(0104)= g, =0.127 mA/V 2.4V56 — 8.8Vsg +0.6 =0
8.6 % /(8.6)% — 4(2.4)(0.6)
BeT Veo = 22.4)
T _ 2 .
8 oy = K,(Ves =Vi) =(025)2-08) Vsc =351V, Ing = 2351 —2)°
= [pg =0.36 mA = /pg =4.56 mA
Vose = Voo — IoqRo = 5 - (0.36)(5) Vspe =9+9— [pa(L.2+1) = 18 — (4.56)(2.2)
= ’DSE=3-2V ?Vsng:?.gTV

b g, =2K, (Vo ~ Vi) =2(025)(2-08)

b.
ol ¥
= gm = 0.6 mA/V, re =1 v
i 3\ /9%
4-
& A= 2= ~gmRp = —{0.6)(5) V:@ €,
' r&% Tc,

EG.8

¥ = vy, = 01510 wt
td = gmbyg, = {0.6)}{0.1)sinwt

ia = 0.06sinwitmA

Vo = gmVsaRo
vas = (—3H0.1}sinwt = =0.3sin st Av = —gmAp = —(6.04}(1) = Ay = —6.04
E6.11
Then ip = Ipq + ig = 0.36 + 0.06 sin wt Ipg =lq=05mA
= ip mA Ler PL_ =125
vps = Vpsg + e = 3.2 —0.3sinat = vpe K, =(20)(25)=500,uAIV’
. 0.5
E69 os =\ =

Vepg =3V and fpg =0.5 mA

”R°=°os = Rp =4 kQ A, = —gmfp
Iog=K,(Veg 'IVrrl): gm = 20.3}2.5 = 1.3) = 1 mA/SV
03=1tsg -1 = V=111V For Av = 4.0 = Ap =4 k0
= Voo =3—1T1= oo =320V Vp=5-(05)(4)=23V
= Vpsqg=3-(-23)=53YV
A = =g Ao E6.12
8a = 2K, I =2,(1)(05) s With Rg = Vgs = Vps = transistor biased in sat.
" ’ region
gm = L4l mASV

Av = —(141){4) = Ay = —5.64 Ip=K,Vas—Vin) = K, (Vas Ve )’
A, = vﬂ = _:" = —0'46:1“”: = =564 Vos =Vop = 1pRp

2
=y, = 0.0816 sin wt =Vpp = K.Rn(vm = rn)
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Vos = 15 - (015)(10)(Vos - 1.8)" Ve = Voo b gmVpuRs = Vyy = —

1+ gmRs
15 = 1.5(V3e — 3.6Vps 4+ 3.24) Yo = —g VR gmRs
= T§mVFg,;
1.5V3c ~4.4Vps ~10.14 =0
o gl £n = 2K, (Vs Vi } = 2(08)(-135+2)
14 \/(4.4}’ +{4)(1.5)(10.14)

‘ne =104 mA/V
Vs 2(1.5) v R ‘I_
= A =Y _ —9mRp _ —(1.04)( 83)
= Vpsg =445V Vi l+gmRs 1+ (1.04)(4)
Iog =(0.15)(4.45 = 1.8)* = Jpg = 1.05 mA = 4, =-158
b. Neglecdng effect of Re : E6.14
A 5= R, +V. and
= =gm _ 2
Av gm(RoflRz) IDQ = K.-(Vsc +Vrr)
8n = 2K, (Vg — Vi ) = 2{015)(4.45~ 18) ,
A, = ~(0.795)(10[j5) = A, = —2.65 5=(08)Rs+0465 = Rz =567 k1
Vspg =10 ~ IcQ{Rs + Rp)
c. Rg = establishes Vos = Vs = essentially no effect i=10- {U,B]{S.G:f ":RD]
on small-signal voltage gain, Rp = 10 — {D.Bﬂ](ﬂa.ﬁ.] =3 . p. 308k
E6.13 b '
8 L= K (Ves =V
og nY’ GS ™
_ A
Vsa _ Vsg
Ing=0.8{2—Vsg) = 222 = 328
2a.= 0302~ Vool = 32 = 3 (D % O, S SR
3.2(4 — 4Vsg + Vig) = Vsa + A
3.2V — 13.8Vsg + 128 =0 =
. 13.8 £ 4/(13.8)% - 4(3.2)(12.8)
S5 = \/ 33.2) Vo = gmVi{Rollra}l = —gmVi(Rollre)
Vo
Vsg = 1.35 V = [pg = 0.8(2 — 1.35)? Av = 57 = —gm{Roliro)
= Ipg=0338 mA 8u =2K,(Vig +V;, ) = 2{05)(0.465+08)
= 1.27 mA/V
b. Vpsqg = Voo — Ipg(Rp + Rs} 1 1
ro—m—m-aa—)—ﬁz.sm
6 = 10 — (0.338){Rp + 4) A, = =(1.27)(3.08[|62.5) = A, = =3.T3
_ 10 —{0.338){4) — 6 _
Rp = 0.338 = Rp =783k E6.15
c. Vo= ?ngJfo

VizVu+V=V, =V =V
S0 Vo = gmra(V, — Vo)

1, = _Ea__ _ _gmPo _ (4){59}
o T L+ gmro 1+ (4){50)
Ve = Aw = 0.995

+ g‘ - ;__
K ; Vi
e
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V, . .
f: +ng't = — and "gl = —‘ A" - g-RS . 'R1HR1
1 1 1+8.R; R[R, +R,
fe=gmVet 2= Ro=ro " s " T (0894)5) 7073 -
= = =}
= Ry Z0.25 kQ 1+(0894)5) 70.7j83+05 A=
~ MNeglecting R . A, =0817
With Rs:‘ikﬂ#“\uz%
gm 0(4]‘:3 - Re = Rs l —_=3 " T = 5"1_12
ol Rs = 304 =37 kQ = 4, = —o it §em 4
L+ (437 = Ro = 0.915 kD
= A, =0.93
E6.16 Be.18
) (a) g, =2JK I, =2=2/K(08) =
vosa = Voo - loafts K, = 25 mA Ve )

5=1 n-(xs)R5=>R§—333m

1pg = K (Vs —Vip ) = 15=(1)(Vs - 08)’ K = .u.?. -L=125 (0'020)[%)
Vs =202V =Vs—-Vs=Vz-5 :

W
R R So —=625
=>V5=7.02V=(—2)VDD=—2-]D ....{'......._.
Bt B 400 150 =K. (Vgs =V ) =08 =125V -2)
So R =2808k0, Ry =119.2k0 B Vo ST e
: >Vgs =38V
Neglecting Ry, -1 -1
b, ro = [Apgl™! = {(0.61)(0.8)]7 = 125 kQ
gm{Rs||ro) 4. = Imlroflftes

Au = v - N

1+ gm(Rslire) 1+ gmirol{R1)
ro = [Mpg]™! = [(0.013)(1.3)]7" = 44.4 kO rof Re = 1254 = 3.38
Rsllre = 3.33]44.4 = 3.1 kD A, = BB s

T+ (2)(3. 85}

8m = 2fK, I pg = 2,/(1Y15) =245 mA/V .

fy = — ==l 125 =05k
A= 2D L 88 07 I v Lm0iid
YT 14 (245)(30) 0 =——==2 E6.19
=L = 2
Ro= | Rs [ ro= g ] 538 4s Log = K,(Via—Vin)
= 0.408(|3.1 3=2Vsg -2 = Veg =322V
= Ry = 0.36 k{2 Ipq=5-"5"_’=>3=5‘3'n
5 Rs
E6.17 = Ry =0.593 kD
— -l -1 _ -
Yo = (R R )Vm,- - (‘ LE )[5} ra = Mool = [(0.02){1)]™ = 16.7 kD
i + Rz 0.7 +93
8u =2{K,I5g =2J(2)(3) =49 mAIV
= 0.381 V
Ing = K, (Vg ~[Val)’ = K, (Vs =V - V)’ For Ry = oo, A, = —Jm(rellRs)
5- Vs 1+ gm{rollRs)
= "R: ro[{Rs = 16.7}|0.593 = 0.373 kQ
- _(4.9)(0.573} J——
Then {0.4)(3)(Vs — 0.381 = 0.8)* =5 — V& Av=T7 (4.9)(0.573) Ae = 0737
AVs - 1381 =5 - Vs
2VE ~ 2,762V + 1.907) =5 — V; If Aw i reduced by 10%
2V52-—4.52V3—1.19=0 = A, = 0737 = 00737 = 0.661
A = gmlro]|Rs||Re)
452 % \/(4.52)" + 4(2)(1.19) “T T+ gm(rollRsl|Re)
Vs =
2(2)
V=250V = [pg = $ _52'5 = 0.5 mA

8a =2JK, I, =2./(04X05) = 0894 mA /v
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Let rof| Rs||Re = =
(4.9)z
1+ (¢.9)z
r = 0.402 = 0.573|| R,
0.573R:.
Ry +0.573
= (0.573 = 0.402} Ry, = (0.402){0.573)

0.663 = = 0.661 = 4.9z(1 — 0.863)

= 0.402

= R, =135k}

E6.20
= ;L =035k = gm = 2.86 mA/V
Vo 4Rp
L oll£e ollt = 4+ Rp

{t —2.4)}Rp = (2.4){4) = Rp = 6 kD
=2[K,[ 5,

286 =2,/K,(05) = K, =409 ma/V?

oo = K.(Vas Vi)'

035 =40HVes—1) = Vs =1.35 V

= Ve=m =133V, Vp =5—-(05){) =2V

Vps = Vp=-Vs =12 - {—-1.35) =333V

We have

Vps =335> Vg -V, = 135-1=035V

=> Biased in the saturation region
E6.21

Vo = gmVig{Rol[RL) and Vig= VW
Av = gm{Rp|lRy)

5=V,
’m"—R;&" K(

- |Vrrl)

5 — VWeg = (1H{4)(Vsg — 0.8)
5= Vsg = 41 Vi — L.6Vss + 0.64)
41#'_.35 =54V -2 44 = 0

4% /(5,417 + (4)(4)(2.44)

Vig =

1 204)
Vo =1.T1 V
Ipg = > ":“1 = 0.822 mA

"~

—2.,fK i ,’ (1X0822) = 181 ma/V

A, = (1.31](?||41 =(l. 31)(1.33; = A, =241

Run = Rs | SLE— ]] o = 440.552
= Ry = 0.485 kf)
£6.22
C,.
=t ( J = (0.020)(80) = L6 mA /v'?
2 L)
K=t C“ [W) = (0.020K1) = 0,020 mA /2
=— —_— -3.94
A%, = Voo~ AZE
The transition point is determined from
Kﬂ
Ves = Vrup = Voo — Vo — 'E_l"(”cs: - Vr.vn)

LY}
vesi— 08 = (5—038) - (8.94){ves — 0.5)

_ {5208 +(B.94)(0.8)+0.8
1+8.94

st

ves: =122V

For Q-point in middle of samuration region

Vgs = 1—22——{-”—8 +08= Vos =101V
E6.23
K, ”~ ( ) =(0015)(2) = 0.030 mA /V*

Av--\j— >

K,, =(36)(0.030) = 1.08 mA/V‘

1.08 = (0'0'5)[71 = (%1 =72

The transition point is found from

vgse =1 = (10 = 1) = {68){vss — 1)
10 —1+46+1

=229V
1+6

vesi =

For (Q-point in middle of saturation region

Voe= 2880 Ve 16as Y

.2 il o ————
E6.24
(a) Transition points:

For My: vop =V =V =5-12=38V
For M:

K_,[{vm)z(i + lvm)]
[(V l+.1 - "m]}]
252, +(001)vo,,]

_25[(13) 1+(001) (5)- (UOI)Vm)]
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10w}, +(001)v5, ] = 1512~ 00144v,,
{001)v}, +v2, +000144v,, —0512=0
which yields v,, =0388V

Then middle of saturation région

3.3 - 0.188
1

vag = + 0.388 = VD;‘Q: = 2004 Y

Knl[(VGSI -Vmo )z (1+A,v, )]

= Ko V) (14 AV = vo))]

250[(Vgs: — 0.8)(1 +[0.01){2.093})

= 25[(1.2)*(1 + [0.01}{5 - 2.094])
10[(Ves: - 0.8)7(1.0209), = 1.482
(Vos1 — 0.8 = 0.145 > Vg = 118 V

b Ipy= K, [(Vcn - 0'8)2 (l + (0'0 1)(2.094))]

Ipg = (0.25){(0.145)%(1.02094)]
= IDQ = 17.0 uA

"'gm]
. A S ————
c v Too0 + %a) Fmi(rorilroz}

B = ZKnI(VG.ﬂ 'an)

= 2(0.25)(1.18 — 0.8) = 0.19 mA/V
—0.18

Av = eI v 000 - A =28T
E6.25
1
Ry =R “ —_—
gm2

gmz = 0.632 mASV, Rgr =8k}
1
F—} — .' = 1.
Ry E“ 53532 B|1.58 = Ro = 1.32 k0

E6.26
1. Ipogr =2mA, Vspga=10V

lpg2- Rz =10 =2Rs1 = Rgy = 5 k0
1

[m: = AI(VGSI_VTPI“I)

2=1Vos: -2 = Vsoa = 341V

= Ve =341V

10 - 3.4
Then Ap, = == o gy =33k
PBorVosqi =10V =V =341 =10 = -390V
—6.539 = (—
Then Rg| = —M = R?I =1.71 k{2

Ip = .1(Van - '.m't}:l

2= Vos: =2V = Vo5 =341 V

= fa 2 5

Vo1 = (Rl n R;)K'O] —IpgtR=s

A _ 1

R+ R: R

3.41 = ——(200)(20) — (21(1.71)
R[ ’

Rcl\

= R, = 385 kQ}
586 R, ) _ ]
T86 4 Ay = 200 = (386 — 200)R; = (200)(386)

= Re = 304 k{}

b. gn: =24KMIDQI =2\}(1X2)

= gm1 = §m2 = 2.83 mASV

From Example §-16

AL = —gmlﬂ'mzﬁol(RS‘:HRL)
- I+ gma{fAs2|[Re)

Ra{|Ar =54=222k0

 —{2.83)(2.83)(3.3)(2.22)

A= 1+ (2.83)(2.22)
= A, = ~8.06
Ro= = | R = = || 5 = 03525

Iz 783

= R = 0.330 kQ

E6.27

L Iy, = nI(VG&'I_V‘mI)I

1=1.2(Veam — 2)2 = Vog = Vg =201V
Rs =10k = Vg = Ipgls ~10

=(1}{(10} ~10 =10

_ _ As
Va: =291 = (—'——& oy g Rl)uu)

- (&)

= R; =145.5 kb

Vosq1 =3.5=> Ve =33V =133+12191

= Vor = 6.41
. £ + Ay _
Vor = (R1 A +RJ)(10) =6.41
Ry 4 Ry
= (“‘.ﬁ—")““’

Ry + Ry =32035= Ry + 1433 = R; =175 k0

Then Ry + Ry + Ry = 500 = Ry + 173 + 143.3

= R =173.5 kf}
Now Ve = 3.5 = Vpz = Vo2 + Vsnge

=35435=TV
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10-7

So Rp = I = Rp =31k}

b. From Example 6-18:

Ap = ~fmi RD
B = 2Kl ng =2(12)(1) =219 ma/V
Av = =(2.19)3) = A, = —6.57

E6.28
From Example §-18:
gm = 2,98 mASY, rp =42.1 k)
Ry|| Ry = 420][180 = 126 kD

. _{_RiliR: \..
Voo = (R.||g,+a.)"'

I
= V.=0, ;
k126 = qﬂ) 0.863V,

—gmVoslrol|Ro{|R0)

A= 3
= —(2.98}{0.863)(42.1{|2.7[j4)
= —{237H42.1|}i.61) = ~(2.57)(1.53)
= A, = —3.98
E6.29

Vs=IpoRs =(12H{2T) = 3.24 V

Ve = Ve 4+ Voso =324+ 12 = 13.24
20 - 15.24
RD=—1:—=~RE=3.971¢9

Voeh?
Is=foss( ——‘;":-)

1.2 = 4(1 - Ei) = Y25 _ 4452
r Ve

5 = (0.452)(~3} = ~1.356
=Vs+Vor =324 ~-1356=183V

. A A,
Ve = 2 =1 =

¢ (R, +R,)( 0) = (500)(201 188
= R+ =47 k0. Ry =453 kN

1 1 -
= Tog - (0ems)(lz) = 67k
_ 2pss Vo 2(4)( 1.356
- ] = == = -
=T\ T ) TS )
= 146 mA/Y

= ~gm{rol|RoHRL) = —{(146)(167Y3.97]i4)

= A, = =287

E6.30

—_ Rz
L Ve = (Rl +R:)(VDD]

. 430 .
GL = (‘30 T 70)(2“] =172V

Voi — Vo \?
fnm—loss( ) = ( m., 51)
_ 172 Vst _ ./ Vs h
ﬁ(l— 2 2) —ﬁ(—z—-—T.ﬁ)
20 = V.
and Ipg: = : 2!

V2
20 - V5 = 24( :‘ - T.6Vs, + 57.76)

= 6V3, — 182.4V5 + 1386.24
6V2 — 181.4Vs; + 1366.24 = 0

181.4 % \/(131.4)’ ~ 4(6){1366.24)
2(8)

Vs =

Vo =142V = Ve =17.2 - 4.2

=31V>Vpe
So Vs, =160 = Vs =17.2 - 16
=12<Vp—Q
onlpgr = 20:16 = [pg; =1 mA

Vspg: =20 — Ipqu{flsy + Ap1}
=20 - (1)(8)
= VWVspgr =12V

Vor=Ipi Ry ={1){4}=4 V = V&

Ver\? ( Vor — Viz )2
Ipg2 = Ipss|1~ =] =6[1— ———r==
DQz D .S'( ‘r’P {_2] )

Vi)’ v,
=5(1+§—-—§-3) =5(3-"§’-)
. Ve
4

E..’.-"'_ __.5(3.._ E\)z
4 2
Vi’
) =-4(9-—3V_=1: -LTJ!)
VL - 73V + 216 =0

73 4 4/(73) - 4(6)(216)
2(6}
= Ve, =709 Vor =308V

31 =

For Veg =508 V

= Vgsr = 4 ~ 5.08 = - 1.08 ransistor bizsed ON
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Ipgr = if_ﬁ = Ipq;[ = 1.2T mA

Vpsa =20 =Vea =20-5.08 = Vps =148V
b.
Yz
- "
“ G—D A <T> v .
M 3'!-;"13
B

Solutions Manual

Vi = gmi Vi Roy = =gmi ViR
Vo = gm2 V(A2 [Re)

Voa = Vi + Vo = Vo =

V2
1+ gmz{RszliRL)

4 = ﬁ _ =gmi Ron
e V. - 1+ymz(35:"R;)

_ 2pss (1 _ V_c;_)
= Vel Vr

=28, 12y

== (1 2)—24::1-‘\/‘9’
gm2 = E_(_;.l(l - h;—’i) =276 mA/V

N v |C) PN
T A = T TR . e
E6.31

I I 1 - Yos :
i DQ = ipss - VP

z -
2=a(1-@) o Y85 _ g5

Ve Ve

Vgs = {0.5)(=3.53) = Vgz = —1.73
—Vas — (=10

Also Ipg = —Vos - (10}

Rs

3= LBF0 g _ssakn
Rs

b.
==
I + \/:.P %1« 9qs
v - v
Ry

Jtess( Vo) _2e)(y_ L)
gm = v ) =

[Vel 1.5 3.5
= 2.29 mA/V
ro = (T)T‘T:ﬁ = 30 kR
Vi=V, + gmAsVy = V,, = ﬁ;ﬁ
a4, =0 gmRsllro  _ (2.29){5.88(50]

Vi = 14gamRsliro 1+ (2.29)[5.8850)
= 4, =0923

gm{Rsl|Ry)
e A, = il - 0,911 - 0.186 = 0.745

L+ gm(Rs]|Re)

{2.29{Rs||Re)
1+ (2.29) RsflRL)
{2.29)(Rs[|RL)(1 — 0.743) = 0.745
= Bel|Re =1.28 k2

5.88R;

Seer R. 8
= (5.88 — 1.28) Ry = {1.28)(5.88)

= R; = 1.64 k0

=0.745
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Problefn Solutions 6.6

8. RD=VDD_.VDSQ=N—_6=>RQ=BI:Q
qu 4.5
o For Vesqg = 2V, for example,
g A
=2 K1, =2 || £oa [ v
(a) gm a’ D [ 2 ](L) o GSQ TN
W .
8.5 = 2,/(0.020){ 2} (0. LA Da-(0030]( )(2 0.8)?
( )(L)(Uﬁia =12 T
— = 11.6
lcﬂl‘ W L
) I, =(.*“_2_XI)(VGS -V} L —
0.5 = (0.02)(12.5)(Vas — 0.8)° b 8a= 2K, Iog = 2K, (Vosg —Vin)

= Vg =22V gm = 2(0.030){11.6)(2 — 0.8}

= gm = 0.835 mA/SV
Ipg = (D.030){11.6}(2 - 0.8)” = 0.501 mA

@) g,=2JK,0p= [ 2 “I%)Io 1 1

= Xpg  [0.015)(0.501)
50 W
L (10)( {100) = =~ = 0.625
( 2 ) ) L ¢. A, = —gmlro||Rp) = ~[0.835)(133||8)

(b) [ _(#’ “‘IW)(V +Vp = A, = —6.30

160 = (10)(0.625)(Vsg — 1.2)° 6.7
= VEE =42V

6.2

= rp =133 k(2

Kyl =KV, sinax] = KV sin ax

L]

6.3 sin’ ax =%[1-0052ax]
T
ID=KJ|(VG&'_VTN) (1+A-Vm) KV!
Ipy - 1+ AVps :’2= 1+ A(10} So K..",, uzu[l_coszwr]
Inz 1+ AVos: 3.0 1+ A(3) Ratio of signal at 2@ to thatat w:
3.4[1 + 3A] = 3.0{1 + 10A) Kyl
3.4=3.0=X(3-10 - (3.4)- 5} '2" -cos2ax
= A=0,0308 2K, (Visg ~ Vi V,, -sinex
1 1 . . . ,
LR vl W = rg = 10.8 kQ The c‘c;efficacnt of this expression is then:
—_—
6.4 4Vasa = V)
ro = n; 6.8 v
1 1 _ 00] = =l
fo Ao — [0.012)(100) = Ip =0.833 mA 4(Vc;a‘vm)
So V,, = (0.01{4)(3 - 1)
6.5 = Vz. =008V
A, = ~gm(raf{Rp) = ~{1){50]|10) 6.9
A, = =833
T oS Va(nlRo)
R[R, ( 50 ]
V‘= -‘.-’:: -V, =(0962V,
* R[R,+R, 50+2) ¢ (0962,

A, =-g,(0962)(r,IR,;) = (1)}0962)(50010) =
A =-802
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5.10

Av = —gm(rollRp)
= gm =21 mA/Y

6.11 R
a Vo= (m) Voo
Ve = (ZT()Z%JE)(H} =448V
ID = v —VGI = Kn(vaf -vm)z

RS
4.8 — Vgs = (1(2)(V3s ~ tVas + 4)
Wi — TVes +3.2=10

7+ /(7P - 4(2)(3.2)

Vos = 207) =296 ¥

Ip = (1)(2.96 = 2)° = Ip = 0.920 mA
Vps = Vop — Ip{Rp + As)

=12 - {0.92)(3 + 2)
= Vpe=T4V

-g.V
(b) V“ - Em EJ(RDlRL)
1+ g-rRS
where V,, = R‘MR= Vo= 300I200 v
R, "R‘! + Ry 300[[200+ 2
120
= -V, =(0984)V,
120+2 °° (0984)%
Then
A< ~g.(0984)(R,[R,)
1+ guRS
£.=2(1{296-2)=192mA/V
-{1.92)(0.984)(3f3)
S = -
° AT oy A=

\‘__a.c fmad Limg
\ Sope= =t = =L

3{3+7 IR

7y {2

) -1
Aig = — .
2= TEwn Ave
Adp = 0.92 mA
= |Arve| = (0.92)(3.5) = 3.22

= 6.44 V peak-to-peak

6.12
a8 Ipg=1mA = Vs=IpgRs=(3)(05) =15V
IDQ = K-(Vas —Vm)
3=(20Ves -2 = Vgs =322V

Vo=Ves +Vs =322+15=47T2V

R, 1
= =2 | Vpp = = Riun -
Vo (R1+R:) po= =R Voo

472 = RL(zno)us) = By =636 k0
1

1

63682 _
T =200 = Ry =292 k(}
—gm{Rp|R:)
h, A, = —mm—— %
1+ gmfls

gm = 2(2)(3.22 = 2) = 4.88 mA/V

A, = —(488)005) An = —2.03

Y7 1+ (4.88)(0.5)

6.13
From Problem 6-11; /p = 0.920 mA
Vos=T4YV

gm =192 mA/SV

A =—gm(an||m){—""“i—]

R[R, + Ry,
= _(ng)(3|3){2;u%'%] = ~(288)(0.984)
A, =-283

\‘-du; lemnd Lime

- | __l

\ Soee= == =1
] 1 .
oL - — = ~ - = ad

4 la

Aip = -Avpg, Aip =0.92mA

il

1.5 kN
= |Awrps| = (0.92)(1.5) = 1.38

= 2.76 V peak-to-peak output voltags swing

6.14

a.




Vosg =V* = IpgRp — (=Vasq)
Ouiput Volage Swing = Vpsg — Vpe(sat)
=[V* = 1ogRo +Vasg| - (Vesg = Vo
=V~ [ poRp +Vy

!
So |Al,|=1,, =-5-E1——-|AVT|

1 =m[v*—lmﬂ,,+vm]
Ipg = ;75 - Ipq(10) + 1}

=1.2=2Ipg =Ipg
= Ipg=04mA =g

b g.=2fK 5 =2,/(05)(04) =0894 mA sV

_ 1 1
~ Apg  (0.01)(0.4)

ro

= 250 kQ

Ay = —gm(Rop||Relre)
= —{0.894){10[j104|250)
= A, =—4.18

6.15
8 [p=K, (Ve =Vp )

2= 4{Vgs - (-1})*

Vgs = =0.293 V

= V=028V =[pRs =(2)Rs
=» Rg =0.146 k)

Vp=Vps 4+ Vs =6+ 0.293 = 6.293

Rp=&_—§€'-z-§i=>ﬂg=1.85kﬂ

b. A, = ‘—gm(RBHRL]

14+ gmfs
Eu = ?-K..(Vc: - m)
gm = 2{4H-0.293 + 1) = 5.66 mA/V
A= --{5.66)(1.85]|2) = A, = —2.08

1 + (5.66)(0.146)
c.

\e'QG Lead Lina

\ Sicpes 1o
N\ [ o) E RS
Awmpm — = ——- = -1

hiao7Te

Chapter 6: Problem Solutions

Arg = (Aip)(1.85)]2) = (2)(1.85(|2)

=182V

1.92
y = == =, V.= 0. v
Ari= I =0.645 > Yz 0645 V

6.16
8. Vpsqg = Vpp — Ipg(Rcp + Rs)

2.5=5-1Ipg(2 + Rs)
2.5
2+ Rs
-V,

Ipg = Kn(vcs ‘Vm)z =__R_<E_S_

Ing =

-2.5Rs
Vos = - =
= Vs IpqRs 2T Rs
1
P EEL N
2+R, 2+R,
F] -
4[1 - 2.5Rs - 2.3
2+ R8s 2+ Rs
4[2 + Rs~ 2.53,—]’ 23
2+ Rs T2+ Rs
(2= L5RsY
4 2+ Re 25

4{4 —6Rs +2.25R%Y) = 2.3(2 + Rs)
9R: —26.5Rs +11 =0

26.5 + 1/(26.5)7 - 4(9)(11)
Rs =
2(9)
Re=05kQlor2. 44k
But Rs =2.44 k0 = Vs = —1.37 Cut off.

=> Rs =05k}, Ipg=10mA

o, A, = —Im(RollRs)

l+gmRs
8 = 2K I pg = 2,J(4Y(1) = 4 ma sV
- =02 -
A= 1—_'_&‘5@ > Ay =-133

6.17

. S =1IpgRs+Vspg+IpgRp ~5

5=IpgqRs+6+Ipg{l0) -5

4
L Ioa=g3—7T
Vs = Vspg + IpgRp -5 = Vigg
i, 1+ Ipg{lo) = Vige
3. - y
o9 = Kp(Vsca "2}
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Choose Rg = 10 kﬂ#!pq=;—o=o.'zg mA 6.19

. 2
Vscg =1+ (0.2)(10) =3 V Tog = K\(Vasp ~Viw)
020=K,(3-2)' = K, =020mA/V* 8n=2{K.I5

22=2fK,(6) = K,=0202mA/V’
6=0202(28 -V, Y = V,, =-265V

b. Ipg = (0.20)(3 ~2)* = 0.20 mA

8n = 2K, 1 pg =2,/(02)(0:2) =04 mA/V Vosq = 18 = Ing(Rs + Rp)
18
Av = =gm(Rol[Re) = =(0.4)(10)110) Rs+Ro= 210 <133k » Rs =133 - Ry
= A, = =20
A = Im{Rolfe)
v 1+ gmfAs
c. Choose s =20k = Ipg = — = 0.133 mA _22( Rp-l)
——— 30 .
] 1= Rp+1
1+ (22Y(1.33 = &p)
Vsgg = 1+ (0.133)(10) = 2.33 V L4293 - 2280 < 22RD
0133=K,(233-2) = K, =122mA/V? T T INR,
gm = 2/(1.22)(0.133) = 0.806 mA/V (3.93 - 2.2Rp)(1 + Rp) =2.2Rp
A = —(0.806)(10[10) = A, = —4.03 3.93+1.73Rp —2.2R} = 228,
A larger gain can be achieved. 22RL +047TRp - 393 =0
.18 p, 04T+ V(047) + 4(2.2)(3.93)
. _D —
2(2.2)
fo.=1= :
. oo Ko(Vice + Vi) = Rp =123k0. Rg=0.10 kN
1=5(Vsgg — 1.5): = Vsgg =195V Ve=Ves+Ve=23+(6){(01) =34V
5—1.95 .1 1
Re=—F— = Rg =305k Vo= g Ron Voo = £-(100)(18) = 3.4
Veng =10 — Ipg{Rs + Rp) = Ry =529 k0
2l ey Ras
5= 10— (1)(3.05+ Rp) = Rp =1.95 kQ 5298,

b g, =2JK,I, =251} =447 mAIV

6.20
Av - —g“(ﬂp HR;_) = —(‘1-47)(1,95:“2)

a
= A, = —4.41
c.
i
/ ! ]
i
1

i

]

\o ¢ Lot Lime o :
\ SLersn =1 G LN v

{w
I ”"’i’- V=94V, Vglsar)=V,, +V,,
= = V =V, (sat
: ATV Viog ='_;£(‘—)+Vm(m’)
e io 9+V.. )=V, +V.
=( IG) 2( 3G TP)""(V;(: +Vrp)
9+1.5
i m e 1 . = +Vsog =13
Aip = - 5Tin Oves :
= l&vpsi = (1)(0.987) = 0.987 V Vsog =3.78 +Vsg =9+ Vsg - Inaflp

2
Swing in ourput volege = 1.97 V peak-to-pesk Ipg =K, (Vi +Vy,)
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Set Rp =018, = 2k}
3.75=9—-1pg(2) = Ipyp =2.625 mA

b, 8. =2JKI00 =2/(2)(2.625) =458 mA v

1 1
"= Xiog - (00D)(2625) -~ oot kA
Cpen circuit.

A, = "‘gm(RD“rﬁ)
A, = —4.58(2[38.1) = A, = —B.70

c. With R,

A, = —4.58(2][20]|38.1) = A, = -7.95
= Ch.msc = §.62%
6.21

& Jp= K,.{Vsa '*'Vr.-)z

2=(05Vsg +2V = Veg =0 V
10 =90

Re = 3 = Re =3k}
Vnzﬂ-VsDQ:O—E:}RD::-G—_q(io]_
$R£.=2kﬂ

Av-—'—QMRD

b £ =2,/K1pq =2,J(05)2) =2mArv
Av =={2)(2) = A, = —4.0

6.22
Av = —gm(RpljRL)
Vose = Voo ~ [pa{Rs + Rp)
10=20~ (IR + Bp) = Rs + Rp = 10 kN
Let Bp =8kfl. Re=2kD

Ay = =10 = —g{8]|20)
8.=175mAIV =2 K1, =2JK (1} =
K, =0766mA/Vv?

Ve=UIpqRs ={1}{2) =2V
Tog = K (Vor = Ve ) = 1= 0766(V,5, — 2)°
= Vee=321V

Ve =Vos+ Vs =331+2=511
Sl
VG=ET'R".-VDD

1 < -
= R—1{200)(20j =33l = R, =753k
T53R;

6.23
_ _gmfo (4}{50)
L+gmro  1+{4)(30)

1 1
fm -

Ay

= A, = 0.995

W0 = Ro =0.249 kO

m

- gm(ro]|Rs) - 4(50]]2.5)

T 14 gm(ralRs) T 1 + 4{50(]2.5)
4(2.38)

= e—— A, = 0.90

I +a(238) — 2-=230
er;=L ra R;,—:i 300 2.5

gm 4

= Ry = 0.226 kO

6.24

Ry _ 396
L Vo= (R1 +R2)VDB = (396+1240)(10]

= Ve=242V

10-(V,, +242 2
laQ =_"5;—)= KF(VSG +VTP)

5
7.58 = Vsa = (2)(4){(Vig — 4Vsa + 4)
8Vic = N Vse +244=0
31 & /(31 — 4{8){24.4)
2(8)

= Vs =278 V

Vo =

Ipg = (21278 =2V = [pg = 1.2l mA
Vspg =10 — IpgRs = 16 — (1.21)(4)
= Vspg =516 V

b. g =2JK, 15 =2J(2)(121) =311mA/V

. 1
= YToq = oz - kA
4 = gm{RsllRilro)
"7 14 gm{Rsl{RLllro)
o 3443y A, = 0.886

T+ (3.11)(4[[4fj41.3)

T

Rzir
Io = —(gmV, _-’.ﬂ_“_)
o (g ’)(Rsﬂfa +RL

_ R
" 1+ gm(Rs|[RLljro)
Vi = L(R:[|R2)

Vi
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A= em(Rifa) Rsfire
TR+ gm(Rs"R.r.Hra) Rsllra + Re
_ _{3.11)(396[1240)  ¢||41.3
T+ (31 (4fl4]141.3) 4413+ 4
__(11}300)  3.647
T 14+ (3.11)(1.908)  3.647 + 4
= Ay = 64.2
Rn'—‘--'l—"Rs"R{. ry = “4“4“413
gm 3 l.l
= Rp = 0.273 k0
-3 —2,,'K! =2 /(1) =2mA/vV
1
o = —--- m = 1060 kD
A= gm(fo IRy}  _ _2(100]j4)
YT 14 gm(rell&L) T 1+ 2(100f14)
= A, = 0.883
=2 = l| 100 = Rg = 0.490 kel
Fm 2
gm Ry gmid)
L A = 0= 5095 = 2DV
& 14 gm Ry T+ gmid)

0.95 = 4(1 — 0.95)}¢m = gm = ¢.75 mA/V

gm = 2\/(§nnc,,) (%’-) Ia

4.75=2 (u.uso)(%) (4) = — =470

b gm = 2\/(%#,@,) (%) Ig

4.75 = 2,/(0.030)(60)Ig = Jo = 3.13 mA

2
Ipg= K.(Vcs = 'm)

5=5(Vos+2) = Vos=~1V
=Vsz=Vos=1V

Ve - (-5 3
qu=-_—§(‘—n—]=ﬁﬂs=1:a=§ﬂz=l.2kn

=2.fK 1,5 =2J(5X5) = 10mA/V
1 1
"= oe - ON® 0
gm{rol| RsflRe)
1+ gm(roll Rsi Rs)
_ _(10)(z001.2)12) o
= Tr oo - 4e=0878

&=Lurauﬂs=:—0“20“l.2
—2

A, =

6.28
gmRs gm(10)
Ap s == 5 0,90 = —T—
T+ gmRs T+ gm{10)
0.90 = 10(1 — 0.90)gm = gm =10.90 mA/V
1 1
= ;.:" s = 550 ” 0= B =110
With R :
_ _9m(RsiRe) __(0.90)(10]]2)
“ T 14 gm(Rs[[Re) ~ 1+ [0.90)(10]}2)
= A, = 0.60
629
re L

Dutpw. resistance determined primarily by gm
Set L =02kl = g =5 mASV

gm

=2/, I g
= 5= 2\/(&)[1;”;' = [pg = 1.56 mA

2
fog= KR(VGS -V}
1.56 = 4(Vgs +2)°

Vos = ~138V, Vei=-Vosr=138V
1.38 = (=5)

Rs= =g = Rs=409k0
A = Im(Bsl|Re) __5(4.09{2)
1+gm(RsliRe) 1+ 5{(4.09{2)
= A, = 0.870
6.30
. g =2Jmﬂ Y6 =10marv
Rg=—=== R =1000Q
gm 10

0.50 = ———— = 0.50 = 10(1 - 0.5)Ae

Solutions Manual
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6.31
‘ -]
“laipl=Ipg = }E"—R:-&w

Ave = —fpg- Rsll8L = Ing RsRe
vo = —fpg- RsllR. = - Rs 1 AL

uo{min)=—i?-$

1+ ==

R

_ _omlRslR)  _w

T 1+ gm{Rs[|RL)  w

= =1oo(Rs{RLY1 + gm(R5[[RL)]
gm{Rsj|Re)

#{min) = -Ig—"f[l +gm(Rs)RL))

6.32

a. Vosg = Vpp - IpgRs

3=5-(LMR:=> Rs =118k
2
qu = Kn(va:_vm)
1.7=(1){Ves —1)* = Vas =230 V
‘f’s:VDD—ngqzﬁ--:!:zV

Ve = Vs 4 Vo5 =24+230=430V

1 i
Vo=— -8, - Vop = — 3=
G z R, -Vop z: {300)(5) = 4.30
= R‘l = 149 k01

349,

m =30 = f; =214 MD

b g.=2JK 1y =2J(1}17) =261mAsV

A= gmRsz — _ 2.61(1.18)
YTl gmBs 1+ {2.61){1.18)
= A, =0.735
1 1
Ro=— “ Rs= 3 | 118 = 03830118
= Ry = 0.289 kO
6.33
. Vos+IpgRs =5
! 5~V

o E—Rﬂ= K-(Vcs_ m)z
f]

§ = Vos = (10)(3)(Vds - 2Vas + 1)
30Vég -59Vos +25 =0

59 & 1/(59)% ~ 4(30){25)

Vos = =
Gs 2(30) =Ves=135¥

Ipg = (3)(1.35 — 1) = Ipg = 0.365 mA
Vpsq = 10 -~ (0.355)(5 -+ iﬂ] = VDSQ =451V

b. 8. =2K, 159 =2,{(30365) =
€. =209mA/V

1 1
»

"= oo (00385 & =2

¢ Au = gm{Rp|lRL) = (2.09)(5[l4)

= Av =4.64

6.34
8 I = K, (Vg +Vy)

0.75 = (0.5)(Vsg — 1)° = Vsg =222V
5 —12.22

i=lpgRs+ Vs = Rs = 975

Vipg = 10 -~ Ing(Re + Ao}
6=10-{0.75)(3.71 + Bp) = Rp = 1.62 kD

8n=2K, I g =2,[(05)(075) = 122 mA /v

1
R.-—m:&R,—U.BIEkQ
Ro=Rp = Ro = 162 kD

e (o) (o)
© U T \Rp+ Rt/ \Rs+ [1/9m) '

o (182 171 .
°=\1s2+2/\371+0816)"

fg = 0.3674; = {5 = 1.84sinwt {ugA)

vo = ig Rr = (1.84)(2) sinwt
= v = 1.68sinwt (mV)

6.35
8 =K (Vi -Vi)

§=4(Vgs =2 = Ves =3.12V
VY = IpeRp + Vbsg — Vs
10 =(5)Rp +12-2.12 = Rp = 0.224 k0

1

b g, =2K,J0q =2(4X5) = g,=854ma/V

1 1

c. A, = gm{Rp[[R) = (8.94)(0.224]|2)

= Ay = 1.80
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6.36
2
8. Tog =K, (Vi +Vy,)

3 =2Vss - 2)2 = Vg =320V

* = lpgRs+ Vss

Rs=£‘3_3'?3=.32=2.26m

Vsng = 20 — Ipg{Rs + Rp)
10 = 20 — {3){2.26 + Rp) = Rp = 1.07 kN

b, A, = gm(8pliL)

g = 2K, g =2,J(2)(3) =450 ma 1V

A, = {£.90){1.07]]10) = A, = £.74

6.37

Wil), _
(W/L),

= (W/L), = 25(0.5) = (W/L)p =12.3

-

a. |Acl =

K, =-%;1"Cu(%) =(30)(125) = 375 gA 1 V*
D

=(30§05) =15 pAsV?
Transition point:

Vaso — Voo = (Von rm.} -" ("'asn mo

vgsp —2=(10 - 2} - (Vcsn -2)

vesn(l+35) = {10 = 2) + 2 + 5(2)
vgsp = 3.33 Vand vpsp =1.33 V

3.313-12

'GSQ = -+ 2= Vcsq =261V

5. Ipp=Ko{Vasg~ Vo)

Ipg = 0.375(2.67 -~ 2)' = fpg = 0.167 mA

8 -1.33
Vosg = ..........%-._.. +1.33 = Vpsg =467V

Solutions Manual

(a) Transition point: Load.:
=Vpp —|[Vpw| = 10-2 =8V
Driver:

Kn[("'mf(_‘ "Anvm)}

= KL[(-VM)IQ + A (Voo - vm))]
O,sgb‘g:,q. T (G.D'Z}Ilg;_.“j

= 0.1[{(4)(1 + 0.02(10 = vo14})]

We have

0.01u3;4 + 0.5084 + 0.00Bugea ~ 0.48 =10

Therefore voea = 0.963 V
Now

vog = L:—[;—‘g—f—si +0.963 = 448 V = Vrsq

Then

Kn[(vasn ~Vrup )2(1 + ’19”00)]

= KL['(' WL)1(1+A'L(VDD ‘Voa))]
0.5[(Vosp — 1.2)* (1 + (0.02){4.48))]

= 0.1[(4)(1 + 0.02(10 — 4.48))}
which yislds Vesp = 2103 V

b o = Ko|(Vass = Vawo) {1+ A5vog )|

Ipg = 0.5[{2.103 — 1.2)%(1 + (0.02)(4.48))]
S0 Ipg = 0.444 mA

1 1
c. - = — -_—
Tep = faL = s T Doz04ae) ~ KR

B = 2K (Visn — Vg ) = 2(05)(2.103 - 1.2) =
Lo =0903mA/V

Then

Av = —gmp(rap]ror) = ~{0.903){113|]113}
ar A, = -~51.0
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6.39 {¢) From Probiem 6.39:
2
ID=KI(VGS_V‘M') Vios = Vs Rm=-———1—-—
[,=0 when Vo, =1SV =V, =15V 2K, (Vos = Vi)
08=K,(3-15) = K, =0356 mA/V? 67k
20.i)(4-1)
Sl Loy
&= av., R, os =V 8 = 2KoTog = 2J{1}(09) = 190 ma 1V
.—.-2(0.355)(3"]-5) a = gm{ArplRe) _ (1.903(1.567]]4)
= R, =033640 T T4 gmlRLollRe) T+ (190)(16744)
6.40 = A, = 0691
a
?
Ing = K,p(Vos ~ Vo)’ =(05){0-(-1)) 6.42
Ipg=05mA
—_— &. PFrom Problem é-41:
[pa = nL(VGﬂ. '1"1'»11.}1 = KﬂL(VDD ~Vo - VTNL)I -
A= gm[RLD"RL] = (1. 90 1 5! Ilu
0.3 = 0.030{10 - V5 — 1)? T 14 gm[RiplfRL)Y T 14 (L 90](1 6710)
0.5 : A, =0.731
\im=9~%=~%=4.92v
b. fpp = Ips b Ro=—l—" RLD=L“157.—.0.526||1.57
’ ' fm 1.90 k7
1
KoV “an) =K, (Voo -V, _VTNL)2 Ro = 0.40k02
Kll
K_D(V: - Vmu) =Vop =V, =V 6.43
L H
K, o Iy = K'I(VGSI _le)
V VDD V "1} V VTND
0d= O.I{Vcsl —2): = Vo =4V
‘ (w/L), Vor = IpiRss = (0.4)(4) =16V
W/L Vm=V5,+VG5~1=15+4—56V
Ra
= | cm— = in -V
A== 30 = A, =408 Va (R,+R3)VDD 5 “Rin-Vop
6.41 1
. 5.6 = 2-(200)(10) = Ry = 357 k2
(a) IDQ"KL(V - 1w:.) =K, (Vos - Vi) -
TR 00 = Ry =455 kD
I, ={0.1{4~1)" =09 ma 337 + R S
Ing = Kp(Vesp _.vm,)’ Vosi = Voo —In{Ra + Em)

4=10-{04)d+Rp)=> Rpy =11 k0T

09 =(INVesp —1)* = Vasp = 1.95 V Vpr = 10 = {D.4){11) = 5.6 V

Voe = Vosp + Vos, = 1.95 + 4
= Voo = 595V Ipy = Ky(Vegy +Veps)'

2= 1(Vsq - 2)1 = Vegy =341V

b Ipp =Ip: Vea = Voy + Vsgz = 5.6+ 3.4 = 9.01

T H -
Kp(Vos - mn) = K:.(Vcn. ~Vew) Ry = w = Rgp = 0,495 k2
JL;'E'(VGG V-V Vo) =V, -Vp, Vepz = Vob = Ipa{fesz + Rpz)
L

5=10-(2)(0.495 + Rpz) = Rp; = 2.01 k0
fK ’K
LARES _._E.)= —B (v +V, -V, +V
[ K, Kx.( =+ mn) THL _

A= VKoK

1
= =
dV, 1+ Ky /K, A 1+ K, /K,
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b. N v Vipa(sar) = Vo, =1 5)( Ry + Rgy)
\(1 29‘ - ° =Voo = K.o(Rp, + Ry; Wi (sar)
* 5t
V; C.) Rye, \{3:_ Roa (1)(Z + 0.5)V3pa (sat) + Vepa(sat) — 10 = 0
l a’-}é’\ . 31-;.%:. 2.5Vipa (sat) + Vspa(sat) — 10 = 0
— = -1 /T + 4(2.5)(10)
= Vsp:(ﬂl) = 2(2-5§ )( =181V
16 - 1.81
N V. = ————— 181 V. =591V
Va = gm2 Vigr Rp2 = (gmz Rp2 )(gmi Vi R ) soq 2 = vspaz
V= Vi Vspg2 = Vop - Ipg2(Rpr + Rs2)
"A 5.91 =10 - Inqgfz +0.5) = .lrpq; = 1.64 mA
v= — = gmigmz An1 R .
v, Vsa = 10 = (L.64){0.5) = 9.18 V
8ar = 2{K 5, =2(01)(04) =04 mA 1V :
Ingr = Kp2(Vigy + Vira)
8oz = 2 Kyl gy = 2,J(1)(2) =283 mA/V 64 = {1V "oy 108 v
Ay = {0.4)(2.83}(11}(2.01} = 4, = 25.0 4= (1){Vsa2 - 2)" = Vsga =32
= Vior = Vs = Vegr = 9.18 — 3.28 = 5.90 V

- Rov= 1222 o ppy = 10250

Iog = -I(Vcsf‘vm)!

0.4 = (0.1)(Vgsy ~2) = V=, =4 V
Vo = (0401} = 0.4 V

Vor2 Vo +Vesn =04+ 4 =44V

Vo1 = (r}_l:&—:) Vpp = Rl_; “Rin- Voo
ta= 1—;:-(200}(10) = Ry = 455 kQ

455 Rs
—_ - 157
P 200 = Ry =357 kN

Vso(sat) = Veg + V1a
= Vpo = Ipa{Rpz2 + Rsa)

2 b. JIpga=1.64mA
= Vpp — kpa{Rp2 + Rs2)Vip(sat) —_—

Vspgz =10 = (1.64}(2 + 0.5) = Vepgz =590 V
Vosg: = 10 — (0.4){10.25+ 1} = Vosq:1 = 5.50 V

(©) 8 = 2K, [ pgn = 2,J(0.1)(04) =04 ma sV

So
{1)(2.01 + 0.495)Vp(sat) + Vso(sat) — Voo = 0
2.505V3p (sat) + Vsp{sat) - 10 = ¢

v =14 /T 4{2.505)(10) 8oz = 2K 1l pge =2J(1(L64) =256 mA /v
sp(sat) = 2(2.505) Au = gm1gma Rp1 Rpa = (0.4)(2.56)(10.25)(2)

Vso(sat) = 181V = A, =21.0

5—1.81 = 3.19 6.45

= Max. output swing = 5.38 V' peak-to-peak 2. Vosgr=T=Vpp =IpgzRss = 10 — [ng:{6)
Ipgs = 0.5 mA

644 Ing, = Kz(van"vmz)!

1 0.5 =(0.2)(Vos: ~0.8) = Vo =238 V

Vo= Vo +Von =3+2.18=5.18
;_%__.,:.IM / Ing =Kﬂ~=§—'§i=0.269 mA

Rs 20
r
Invai = KI(VGII -le)
0.269 = {0.2)(Vos ~ 0.8)° = Vogm = 1.96 V
Ver=Vei +Vos1 =538 4196 =734 V

b;n{uﬁ fe
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Ra 1
Vey = [ —2 e Y Vi = . .
o = (= +Rz) 20 = Ry R Voo
1
7.34 = E-(‘iﬂﬂ)(lﬂ} = R =545 k{0

545R2
— = 400 =
S5+ 400 = Ry = 1.50 MO}

Ipgy =0.269 mA, Ipg; =0.5mA

Vpsqy = 10 - (0.269)(20) = Vpsgy = 4.62V

FMIRSI . gm?Rﬂ
1 +ngRSl 1+§m2RS'2

A, =

8 = 2 KT pgy =2,J(02)(0269) = 0.464 mA /v

8uz = 2 KT pgy =24/(02)(05) = 0632 mA/V

{0.464)(26) {0.632)(8)
T b+ (0.464)(20) )+ (0. 632)(6)
= {0.9027)(0.7913)

= A, =0.714

1

1 1
Ra—MHRn omﬂs_laszﬂs
= Ry = 1.25 kil

10-V,
(@) 15 = =il =K, (Van‘vmt)z
Ry
W0 - Vos = (4)(10){(Vis ~ tVom +4)

£0V35 ~159Ves +150=10

159 £/ (139)7 - 4(40)(150)

2{40}

GR =
= Vo5t =2435V
Ipgy = (4)(2.435 - 2)* = Ipgy = 0.75T mA

VDSQI = 20 - {0.757)(10) = Vpsq:l = 12.4 V
Also Ipg: =0.757T mA

Vosgs = 20 - (0.757)(10 4+ 5) = Vpsgs =8.65 V

() g = Bua =2/Kl pg =2/(4)(0757) =
Emt = Bmz = 348 mATY

[7A

Vo = —(9m2 Vo2 ){(RoliRL)
Vaiz = {=gm1 Vour = gmz Ve {{ A1 Rs2)

6.47

V V’" - V;_.z = ‘P“ =¥ 4+ V912
‘ g42 + gﬂl? gl?(Rﬂ "Rn ]
= =gmi (Vi + Vo2 )(R1 [| Bs2)

Vgﬂ + szvpﬂ(RSl”Rﬂ} + gm2 VFJZ(RSI "RS?}
= —gmiVi{Bs1l| Rz}
Vo = =—gm ViRl Rsa)
71t pma(RsiiRs2) + gmi (Rs1 [ )

gmigmz (R |[Rea ) Rp] Ry )
14 (gm1 + gmz}{ Bl Rs2)
(3.48)° (1010)(S42)
T 14 {3.48 +3.48){10]10)
= A, =2.42

W
A==

& Ipg=3maA

Vou=IpoRs - 5= (3{1.2) =53 ==14V
Ing = K\(Ves ~ Vi)

3=2Vas~1P = Vgs=222V
Vor=Vas+ Vs =2.22-14=0.82V

Y R N (R
Var = (R: T +Ra){s:] =082= (500]‘5’

= By =82k}

Vo= Vo +Vpsg1 = -14+25= 1.1V
Ve =Vpr+Vos=11+4222=332V

R + R,
Vop = | 22 __
& (R1+R;+Ra)(5]

_ Ri+ Ra
:3.32_( 00 ){5]

R:+R;=332§R2=250kn

+ =
Vﬁ'ﬂ ahl -7
C ) PoXnia
o e, R <
iZ‘Fi 2&':... L’;s" 2 2"
s
=
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R, =500 ~ 250 — 82 = R; = 168 k0

Vpr=Vp1+ Vosga =11 +25=36V

5-136
Rp=

= Rp = 0.467 k0

b. Au = —gmiflp

g = 2K 1 5 = 2J(2X3) =450 mA/V
v = —(4.90){0.467) = 4, = —=2.29

6.48

1. Vsy =IpgRs—10=(5)(2)~10 = Vs =0
fpo= K\(Vos: _"':w)1

5 =4(Vosy = 1.5 = Vom = 2,618V

Vo1 = Vost + Vey =2.618 V =TRy ={0.1)A;

= R =26.2kQ

Vo =Var +Vosgr =0 +3.5=35V
Vor = Vo1 +Vos =33+262=8.12V

= (0.1)(Ra + Ha)
Ry+ Ry =612k = R; =35 k¥

Vi = Vot + Vpsgz =3.5+35=T70V

Ro==T o Ry =05k
Ry = 10;?12 = R =384 kQ

b. Ay = —gmiflD
B =2\(K, Ipp =2 (4)(5) =894 mAlV
Ay = —(8.94)(0.6) = Ay = =5.36

6.49

Voel?
. Ipg= Inss(l - —gf‘)
Vcs)z
4=6{1~-—=
( (-=3)
Vos = (...3)[1 - ‘/%I = Vgs = —0.551 V

Vosg = Vpo — [pefip
6§=10—-(4)Rp=> Rp =1kf

b _ 2Ipss (1 _ Vas) _ 6} (1 _ -—0.551)
CIm =5V Ve 3 s
= gm = 3.27 mA{V

1 L = rp = 25 k{1

™= XMog  (001)(4)
c. A, = —gm{rolRp) = —=(3.27)(25(1)

= A, ==114

6.50

Vos + Ipq(Rsi + Asa) =0

_ Vos\'
foq—fass(l VF)

V T
Vos + [nss(Rs + Rsz)(l - -E) =0
Ve

Ve
2Ves Vs
Vos+0.7(1—-———-+ =0
(=2 (-2
0.175V35 + 1.7V5e +0.7 = 0

(-3
Ves + (2H{0.1 +0.25){ 1 — =0

~LT/(L7) = 4(0.173)(0.7)
2(0.175)
= Voe= 0431V

g = Apss (1 _ @) - E[_’Zi(l _ -—0.431)

G§5 =

-Vs
= g = 1.57 mA/V

4, = —Im{RofiRe) _ —(L5THBJje)
’ 1+ gmRs I+ (1.37)00.1)
= A, = —1.62

= A, = —43.3

6.51
Ipss

Ipg = =4 mA

Vosg = ngz—q =10V

Vosg = Voo - fpg(Rs + Ro)
10=20~{4)(Rs+ Rp) = Rs + Rp =2.3 k0
V=2V =1IpqRs =485

= R =05k}, ERp =2.0kQ

_ Vs’
Ipg = Ipss(l - )

2
i= 5(l - (1’22)) = Vos = (—4.2) (1 - ;;

= Ve =-123V

Ve=Vs+Vos=2-1123

- _{(_R (R
vo=arrv = (2 Yan - (&) o

= R; = 3.85kD, R, =962k}
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Vas\®
Inq—fuss(l—-ﬁ)
Ves\? 5
= 10( 1 = == Voo = (~35 _f —
s=10(1- 22) = Vo= -9 - 5
= Vos = =146 V

VesVs+Vos=6-146=4.54V

R, o1

Vo = R1+Rz) 20 = o~ Rin Voo
454 = T*zl_(m)m} = R, = 264 kO

1
264 R; _ _
CTYPR =100 = R, = 161 k{1

_ 2pss VasY _ 2{10)( —1.45)
b, gm = {-Vp).(l Vv, ) = = 1 s
= gm = 2.83 mA/V

1 1

™= 300 - o) - 20 kA

gm(rol|Rsl|fc)

6.53

A, =
I+ gm(roll sl Re)
A o (2:83)(20(1.200.5)
¥ 7 1+ (2.83)(201.2)10.5)
= A, = 0.495
- _1_ = 1_ - T
Ro= | 2= 753 | 12=0353)12
= Rg = 0.273 kN
. R . 110 .
. = |}V = | ———](10
¢ Vo (R;-{-R:) oo (110+90)( )
5.5V
o W= (Ve=Yas) _, Vcs)’
Dg = _—R-a' === = ID5§ —-VP
LY 2
10 -5.5+ Vs = (2)(3) (1 - ‘.’E:
1.73

4.5 + Vos = 101 - 1.143V55 + 0.3265V5)
3.265V3s — 1243V +5.5=10

12.43 & \ﬂ 12.43)* - 4(3.265)(5.5)

Vas = 2(3.265)
= Vs = 0511V
2
Ipg = (2](1 - 0_)5?1‘51) = [pg = 1.42 mA

Vspg = 10 — (1.42)(5) = Vspg = 2.9 v

b g = 2lpss (1 _ Eq_g_) _ ?_(_2_)(1 _ U.Sll)

Ve Ve 1.75 1.75
= gm = 1.62 mA/SV
A = gm{ Rl Ry (1.62){5]110)

1+ gm(Rs| ALY ~ 1+ (1.62)(5]110)
= A, = 0.844

A i°_M—A,.(_‘!2_')

RN T IRy 2y
R, = Ri[|R: = 90{|110 = 43.5 kO

Ai= {o.su](‘—fﬁé—) => A =418

c.

\FQC Ln:u:‘ L-l-"!ﬂ
\ Stope = ——
oz ==

1.7 Io

Maximum swing in curput voltage
= 3.8 V peak-to-peak

6.54

Vos\’
IDQ—ID::(I- Vp)

Ves\? 4
= - 85 Ve: = Y Bt
4 (1 " ) = Vs 1 3

= Vg =117V
Vspg = Vpp — Ing{Rs + Rp)
75=20-4(Rs+ Rp)= RAs + Ap =3.1%5 k

= MUoss(, _VYes) _ 28 (1 _ 1.17)
fm = Ve Ve /) 4 4

= gm = 2.83 mA/V
Rs=3125-Rp
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—gmRD
Av =7 -I-gg...Rs
-1+ gmRs) = =gmRp
3(1 +(2.83)(3.125 - Rp)] = (2.83) Ry
9.844 - 2.838p = 0.T07SAp = Rp = 2.78 ki

Rs=10.345 ki1

Vs =20 — (4)(0.345) = Vs = 185 V
Ve=Vs—Vogs =166-1.17T=17T4V

N _ (R
Ve = (31 n R;)VDD = (Zﬁ)m)




