7.1

Vas =Vpp =18V
Vbs > Vs — Vg (in order for M; to operate in saturation)
Vbs = Vpp — Ip(1 k)
1 w
=V -3 ncow_
DD 2M I
>Vas — Vru

w
f<

(Vas — Vrr)? (1 kQ)
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7.3

Vas = Vpp — Ip(100 Q)
Vbs = Vpp — Ip(1 kQ + 100 Q)
> Vas — Vrm (in order for M to operate in saturation)
Voo — Ip(1kQ +100 Q) > Vop — Ip(100 Q) — Vg
Ip(1kQ+ 100 Q) < Ip(100 Q) 4+ Vg
Ip(1kQ) < Vg
Ip < 400 pA

Since g,, increases with Ip, we should pick the maximum Ip to determine the maximum transconduc-
tance that M7 can provide.

ID.maz = 400 pA
21D max
Vas — Vru
21D, maa
" Vb — IDmae(100 Q) — Vg

=[0.588 mS]

Im,max =
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7.5

Ip; = 0.5mA
2Ipy
Vas = Vrg +
,uncom%
=0.612V

Vas = —Ip1Ra

Ry = (1224310
11

1
= Voo — —Ip1 Ry — —1
Vas = Vbp 0 p1l 10 p1ls

. 2570



7.6

IDzlmA
20,1
gm_VGS_VTH_m
Vas =06V

Vas = Vpp — IpRp

ko~ 1219
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7.8 First, let’s analyze the circuit excluding Rp.

Vi — 20 k€2
“ T 10K+ 20 kO
Vas =Vo —IpRs = Vps = Vpp — Ip(1 kQ+2OOQ)

Vpp =12V

Ip = 600 pA
Vas = 1.08 V

W 2Ip

— = 5 = 12.9758 ~

L 11,Cor (Vas — Vru)
Now, let’s analyze the circuit with Rp.

Vbp

10 kQ§ Ip+ Ir, §1 kO

20k9§ RS§2OOQ
Vo =12V
Vop — Vbs
Ip+1Ig, = —22 D5
DRy = T30 1200 0
VGSZVg—(ID+IRP)RS:VDS+VTH
Vbp — Vps -
Ve ~ Tha o0 alts = Vos + Vi
Vps = 0.6 V
Vas =1V
1 w 2
Ip = = n“ox -
D = 5HnCos (Vas — Vra)

=467 uA
Vbs Voo — Vbs
I Ip, =1 =
D+ lre =10t B = 0 200 0

e = (L1250




7.9 First, let’s analyze the circuit excluding Rp.

Ves =Vop =18V
VDS = VDD - ID(2 kQ) = VGS - 100 HlV

1 w
Vbp — §anozf (Vas — Vrr)* (2kQ) = Vgs — 100 mV
W
— =1]0.255
!
Now, let’s analyze the circuit with Rp.
14535
30 k9§ § 2 kQ
Rp
AAY
—_—
Ir,
—

Vas = Vpp — IR, (30 kQ)
- VGS _VDS - 50 mV

Ip = =
for Rp Rp
VGS = VDD — (ID — IRP) (2 kQ) + 50 mV
1 w
VDD — IRP(?’O kQ) = VDD — (§Mncomf (VGS — VTH)2 — IRP) (2 kQ) + 50 mV

1 w
VDD — IRP(?’O kQ) = VDD — (§Mncomf (VDD — IRP(?)O kQ) — VTH)2 - IRP) (2 kQ) + 50 mV

Ir, = 1.380 pA

re - 2V _ [G51a]

Ir,
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7.12 Since we're not given Vpg for the transistors, let’s assume A = 0 for large-signal calculations

also assume the transistors operate in saturation, since they’re being used as current sources.

1 W
IX = §/J,ncomL—11 (VBl — VTH)2 = 0.5 mA
Wy =13.47 Hm
1 W
Iy = §/J,ncomL—22 (VBQ — VTH)2 = 0.5 mA
WQ =195 Hm
1
Rout1 =701 = —— =20 kQ
tl = Tol M

1
Rout2 =To2 = E =20 k)

. Let’s

Since Ix = Iy and ) is the same for each current source, the output resistances of the current sources

are the same.



7.13 Looking into the source of M we see a resistance of gi. Including A in our analysis, we have

1 1

Im tpCos ™ (Vx — Vg1 — |Vrul) (14 AVx)

~Bzg]
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7.17 (a) Assume M; is operating in saturation.

Ip =0.5mA

2Ip

Vas = Vra + | ——w
anox%

- [05Y]

Vps = Vpp — IpRp = 0.8 volt > Vigg — Vg, verifying that M is in saturation

Av - _ngD

21p
- “P R
Ves — Vou ©

[



7.18 (a) Assume M; is operating in saturation.

Ip =0.25 mA

2Ip

Vas =Vrg + | ———
/Lnooz%

- [05V]

Vps =Vpp — IpRp = 1.3V > Vgs — Vg, verifying that M; is in saturation

Vas =055V
Vbps > Vas — Vg (to ensure M; remains in saturation)

Vop —IpRp > Vgs — Vry
1 W ,
Vop = s1inCoz— Vas — Vru)“ Rp > Vas — Vru

2 L
w _ 2(Vpp —Vas + Vru)
L /'I”IICOLE (VG’S - VTH)2 RD

= 366.67
20
=33—
0.18
Thus, W/L can increase by a factor of while M; remains in saturation.
A’U = _ngD

w
= _Mncow_ (VGS - VTH) RD

L
w
Av,maw = _Mncom (f) (VGS - VTH) RD

=|—-22
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P=Vpplp <1mW
Ip < 556 uA
Av:_ngD

/ W
= - 2MncowfIDRD

=5
w20

I <018

> (L0000



720 (a)

IDl = IDQ =0.5 mA
Au = —3gm1 (Tol H 7’02)

w 1 1
- — 2 ncom & I
\/ : <L >1 ot (/\11131 | )\sz2>

=—10

(F) -
1

2|Ips|

Vop = Ve =Vrg + | ——~—
11pCos (%),

Vs = [117]
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7.22 (a) If Ip; and Ips remain constant while W and L double, then g,,1 o< \/(W/L), Ip: will not change
(since it depends only on the ratio W/L), r,1 ﬁ will not change, and r,o o ﬁ will not

change. Thus, A, = —gm1 (o1 || 702) ‘will not change ‘
(b) If Ip1, Ip2, W, and L double, then g1 o« /(W/L), Ip; will increase by a factor of V2, re1 ﬁ

will halve, and ry,y o ﬁ will halve. This means that 7,1 || re2 will halve as well, meaning

Ay = —gm1 (To1 || ro2) will ‘ decrease by a factor of v/2 ‘
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7.26

(a)
IDl = IDQ =0.5 mA
21py

Ves1 =Vru + | ———F
pnCos ('),
=07V
Vbs1 = Vas1 — Vry (in order of M to operate at the edge of saturation)
=Vpp — Vase
21
Vas2 = Voo —Vas1 + Vru = Vru + 7DQW
/J'ncow (T
(F).-
2
(b)
A = _Imi
Y gm2
\/2/1'71001 (%)1 IDI
\/2/1'71001 (%)2 ID2
_ | (),
(),

ST

(¢) Since (W/L); is fixed, we must minimize (W/L)3 in order to maximize the magnitude of the gain
(based on the expression derived in part (b)). If we pick the size of My so that M; operates at the
edge of saturation, then if M, were to be any smaller, Vg2 would have to be larger (given the
same Ips), driving M; into triode. Thus, (W/L)s is its smallest possible value (without driving
M into saturation) when M is at the edge of saturation, meaning the gain is largest in magnitude

with this choice of (W/L)s.
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A, = —ImL
gm2

o \/ 240 Coq (
\/ 215 Cog (

(%),

(T),

-5

() -]
1

)1ID1

)QID2

w
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Vbs1 > Vas1 — Ve (to ensure M is in saturation)

Vop — Vas2 > Vas1 — Vru
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7.28 For this problem, recall that looking into the drain of a transistor with a grounded gate and source
we see a resistance of r,, and looking into either terminal of a diode-connected transistor we see a
resistance of qi | 7o

(a)

1
A’U =|—9m1 (rol H - || To?)
g

m2

1
A’U =|—9m1 (Tol H To2 H - || 7'03)
9gms3

1
Ay = | —gm <r01 e rog)
9ms3

m

1
Ay = | —gms <ro2 ol 1 rog)

m3

m3

1
Ay = | —gms <ro2 ol | rog)

(f) Let’s draw a small-signal model to find the equivalent resistance seen looking up from the output.

Rp
—A\W
+ +
Ut@ it Vgs2 Im2Vgs2 §T02
’ L
. v — 1 RD
Zt = gm2v952 _|_ #
To2
Vgs2 = Ut
. v — i R
it = gmavy + Zt T th
To2
, R 1
Zt(1+ D):’Ut<gm2+_)
To2 02
R
v v, et Bp
Z't gm2 + % 1 + Gm2T o2
ro2 + Rp
A —|— po || T2t D
! Jmi ( ol || 1+gm2r02>




7.30 (a) Assume M; is operating in saturation.

ID =1mA
IDRS =200 mV
Rs =200 Q
C
= + Rgs
— RD
- 1
2anoz%ID +RS
=-4
w
7= 1000
21
Ves = Vru + O CDW
n-ox [’
=05V

Vps =Vpp —IpRp — IpRs
=0.6 V > Vgs — Vrpy, verifying that M; is in saturation

, the transistor operates in saturation.

(b) Assume M; is operating in saturation.

E _ 50
L 018
Rgs =200 2
Rp
R ——
V200 Cox W 1p &
=—4
Rp =|1.179 kQ
21p
Vas = Vru + W
/'I”IICOLIJT
=0.590V

Vpbs =Vpp —IpRp — IpRs
=0.421V > Vs — Vg, verifying that M; is in saturation

, the transistor operates in saturation.
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7.42 (a)

Rouwt = Rp = 500 Q2
Ve =Vbp
Vb > Vo — Vrg (in order for M to operate in saturation)
Vop —IpRp > Vpp — Vru

Ip <
(b)
ID = 0.8 mA
1
Rin -
- 1
\/ 2/anoz%ID
=509
% =1{1250
(c)
A'u - ngD
1
m = A S
Im =50
Rp =500Q

A, ~[10



7.43 (a)
Ip =1 =1mA
Ve =Vbp
Vp =Vg —Vryg + 100 mV
VDD —IDRD = VG - VTH + 100 mV

Rp =|300 Q2
(b)
Rp =300
Av - ngD

/ w
= 2,LLnCox fIDRD

=95

T =[oond



7.44 For this problem, recall that looking into the drain of a transistor with a grounded gate and source
we see a resistance of r,, and looking into either terminal of a diode-connected transistor we see a

resistance of = || 7.
gm

(a) Referring to Eq. (7.109) with Rp = —— and g¢,,, = gm1, we have

gm2

1

_ gm
A=l TR,

9m1

(b) Let’s draw a small-signal model to find the equivalent resistance seen looking up from the output.

Rp
—AAN
+

+
%% @ 7:tE Vgs2 Im2Vgs2

I

1y = Im2Vgs2

Vgs2 = Ut
14 = GmaUt
Ut - 1
it B gm2
A, =|Im
9dm2

(¢) Referring to Eq. (7.119) with Rp = %%, R3 = Ry, and ¢y, = g1, we have

1
Rl || gm1 %
RS + Rl ” g% Im2

9dm2

1
Av =|9mi1 (RD + — H TO3)

1
Av =|9m1 (RD + —)

9dm2




7.45 (a)

v 1
X = g (RDI I —>
Vin gm2

= gm2Rp2
Vx
Vout o VX Vout
Vin Vin UX
1
=|—9gmi1gm2Rp2 { Rp1 || —
gm2

1
pam = gmigmaFips ( p1 || gm2> 9m11iD2

This makes sense because the common-source stage acts as a transconductance amplifier with
a transconductance of ¢,,1. The common-gate stage acts as a current buffer with a current
gain of 1. Thus, the current g,,1v;, flows through Rps, meaning v,y = —gmi1vinRp2, so that
Vout —

2t = —gm1Rpa.

This type of amplifier (with Rp; = o0) is known as a cascode and will be studied in detail in
Chapter 9.



7.40

Ip =0.5mA
1
Rin -

I
\/ 2Mncom%ID
50 Q

" = [2000]

L

Vb > Vo — Vpg (in order for M; to operate in saturation)
Vop —IpRp >V, — Vry
Rp <2.4k0

Since |A,| < Rp, we need to maximize Rp in order to maximize the gain. Thus, we should pick
Rp =]2.4kQ | This corresponds to a voltage gain of A, = —g,, Rp = —48.
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Kp ‘(’fmro R.; -+ ro

=



7.42 (a)

Rouwt = Rp = 500 Q2
Ve =Vbp
Vb > Vo — Vrg (in order for M to operate in saturation)
Vop —IpRp > Vpp — Vru

Ip <
(b)
ID = 0.8 mA
1
Rin -
- 1
\/ 2/anoz%ID
=509
% =1{1250
(c)
A'u - ngD
1
m = A S
Im =50
Rp =500Q

A, ~[10



7.43 (a)
Ip =1 =1mA
Ve =Vbp
Vp =Vg —Vryg + 100 mV
VDD —IDRD = VG - VTH + 100 mV

Rp =|300 Q2
(b)
Rp =300
Av - ngD

/ w
= 2,LLnCox fIDRD

=95

T =[oond



7.44 For this problem, recall that looking into the drain of a transistor with a grounded gate and source
we see a resistance of r,, and looking into either terminal of a diode-connected transistor we see a

resistance of = || 7.
gm

(a) Referring to Eq. (7.109) with Rp = —— and g¢,,, = gm1, we have

gm2

1

_ gm
A=l TR,

9m1

(b) Let’s draw a small-signal model to find the equivalent resistance seen looking up from the output.

Rp
—AAN
+

+
%% @ 7:tE Vgs2 Im2Vgs2

I

1y = Im2Vgs2

Vgs2 = Ut
14 = GmaUt
Ut - 1
it B gm2
A, =|Im
9dm2

(¢) Referring to Eq. (7.119) with Rp = %%, R3 = Ry, and ¢y, = g1, we have

1
Rl || gm1 %
RS + Rl ” g% Im2

9dm2

1
Av =|9mi1 (RD + — H TO3)

1
Av =|9m1 (RD + —)

9dm2




7.45 (a)

v 1
X = g (RDI I —>
Vin gm2

= gm2Rp2
Vx
Vout o VX Vout
Vin Vin UX
1
=|—9gmi1gm2Rp2 { Rp1 || —
gm2

1
pam = gmigmaFips ( p1 || gm2> 9m11iD2

This makes sense because the common-source stage acts as a transconductance amplifier with
a transconductance of ¢,,1. The common-gate stage acts as a current buffer with a current
gain of 1. Thus, the current g,,1v;, flows through Rps, meaning v,y = —gmi1vinRp2, so that
Vout —

2t = —gm1Rpa.

This type of amplifier (with Rp; = o0) is known as a cascode and will be studied in detail in
Chapter 9.
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7.48 For small-signal analysis, we can short the capacitors, producing the following equivalent circuit.

Ry || Rs || Rp
J_ W\/ ® Uout

S —

Vip &————]

s,

Ay =|gm (B2 || Rs || Bp)|




7.49
Vas = Vps

1 w
Vas =Vpp — IpRs =Vpp — 51tnCos (Vas — Vrm)* (1+ AVas) Rs
Vos = Vps =0.7036 V

Ip = 1.096 mA
o || R
4, = Lol Bs
= + 7 H Rs
/ 4
gdm — 2,LLnOozTID = 6.981 mS
1
o= — = 9.121 kQ
o= \Ip

A, - [05635]



7.50

R
szlis
g_m+RS
Rs
L + Rg

pnCoz ¥ (Vas—Vru)
=0.8
Vas =0.64V
Ip = %,uncoz% (Vas — Vru)®
=960 A
Va=Vgs+ Vs =Vgs+ IpRs

~[12v]




'}i + Rs
- o/
e ©°
0.f = -
Yw\ -+ Loy
3 - <
j?ms_ Jm
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!

=N ) &M ((.g-— ‘Z;S(S’oc) _,_0,4’)
Tas = 47(10*3( L4~ §oe Tys)
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7.55 For this problem, recall that looking into the drain of a transistor with a grounded gate and source
we see a resistance of r,, and looking into either terminal of a diode-connected transistor we see a

resistance of = || 7.
9m

(a)

Tol H (RS + r02)
g% + o1 || (RS + T02)

A, =

(b) Looking down from the output we see an equivalent resistance of 752 + (1 + gmare2) Rs by Eq.
(7.110).

o1 || [To2 + (1 + gmaroz) Rs]

A, =
gﬁ + 701 || [roz + (1 + gmaroz) Rs]

A = To1 H ﬁ
v L + r || L
gm1 ol gm2

(d) Let’s draw a small-signal model to find the equivalent resistance seen looking down from the

output.
Ry
——A\A\\
* +
R2§ Vgs2 IGm2Vgs2 §T02 it @Ut
’ £

; 4 +
It = = m2Ugs -
t R1+R2 Jm2 952 To2
R
Vg = =0
gs2 Ri + Rs i
, vy Ry Ut
i= = 4 g2y 2
" Ri+ Ry g "Ri+ Ry ' o2
. 1 Imalto 1 >
i =0 + + —
! t<R1+Rz Ri+ Ry 712
Ut R1+R2)
Yo (R +Ro) || (2222 |,
(2 ( ! 2) || ( gm2R2 || ?
| B R | (G e
o || (By+ Ra) || (B2 ) oo

o2 || To3 || q_:ﬂ

g% + o2 || To3 || g%




(f) Looking up from the output we see an equivalent resistance of 7,2 + (1 + gmare2) ro3 by Eq.
(7.110).

o1 || [Toz + (1 + gmaroe2) 03]

A, =
Lt 11 [ [roz + (1 + gmaro2) Tos)
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7.58

P:VDDIDZQIDW

Ip=1.11mA
Rplp=1V
Rp =900
A, = —gmBD
= _\/2,uncoz%IDRD
-5
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7.60 Let’slet Ry and Ry consume exactly 5 % of the power budget (which means the branch containing Rp,
M, and Rg will consume 95 % of the power budget). Let’s also assume V,, = Vgg — Vg = 300 mV
exactly.

IDVDD = 095(2 mW)

Ip = 1.056 mA
IDRS = 200 HlV
Rgs =189.5 Q)
Voo = Vas — Vrg = 300 mV
1 w
Ip = §Mnco;va()2v
w
W
A, = Ep
v T T 1 | p
. + Rg
_ Rp
- 1
V 2“710033%113 +RS
=—4
Rp =|1.326 k)
Vi
—==— =0.05(2 mW
Rty (2mW)
V2
Bt B = 550y
Va=Vas+IpRs =Vop +Vrg +IpRs =09V
Ry
Ve V;
¢ R+ Ro bb
Ry
= vz =09V
0.1 mW



7.61 Let’s let Ry and Ry consume exactly 5 % of the power budget (which means the branch containing
Rp, My, and Rg will consume 95 % of the power budget).

Rp =200
IpVpp = 0.95(6 mW)
Ip = 3.167 mA
IpRs = Voo = Vas — Vry
VO'U
Ro =
S= 1,
_ 2Ip
= Yy
A, = _li
g_m + RS
T Voo Vou
2y T Tp
=-5
Voo = 84.44 mV
Rg =|26.67 )
w 21p
— = ———_ =4441
T = GiE
Vb
—==— = 0.05(6 mW
V2
R Ro = DD
LR = g W
Ve =Vgs+IpRs =V, + Vg + IpRs = 0.5689 V
Ry
Vo= ——"—V,
¢~ R 1Ry PP
= # =0.5689 V
VDD
0.3 mW

7s ~[614119]
P )



7.62

Rin = R1 =[20k0)]
P =Vpplp =2mW
Ip =1.11 mA
Vps = Vas — Vrg + 200 mV
Vop —IpRp = Vpp — Vry + 200 mV

Rp =180 Q2
AU = _ngD
/ w
=—1/2 ncow_I R
H 7 Diip
=6
% =12500
21p
Vas =Vrg + | ———
ILL’IICOIE%
=0.467V
Vas =Vpp — IpRs
Rs =
1
R
oo, S
1 1
——R
orfC, 10
f=1MHz
Cy =[79.6 pF
1 1
R -
27TfOS || s K Im

1 11
21fCs 10 gm

/ w
dm = 2/anoszD = 33.33 mS

s = (52007
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7.64 (a)

Ay =|=gm1 (ro1 || Rg [ 102) |

P = VDDIDl =3 mW
IDl = |ID2| = 1.67 mA

V
\Vas2| = |Vpsa| = Vps = %
1 w
2] = giuCor (1) (Vesal = WVel)* (14 Ay Vs
2

(K) =[113
L 2

A’U = —gm1 (rol H RG H 7'02)
Rg =10 (ro1 || ro2)

1
o = = GkQ
fol Anlp1
! 3 kO
Tog = ——— =
>~ Nollpo|

RG—lO Tol H 7’02

14
A, - \/mn . <f> Ior (o1 | Re || 7o)
1

=15

(F) -t
L/,
Vin =Vas1 = Vry +\/

- [OwY]

21p
1inCox (%), (1 + XnVDs1)
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7.66
P = VDDIDl =1 InW
Ip; = |ID2| = 556 HA

Vovl - VGSl - VTH - 2ID,unOoz (

() -3
1

9gm1

A, =—ImL
gm2
\/2/anom (%)1 IDl
V21 Cox (%), 12|
_ &)
(T )s
=4
(T) -G
2

L

Vin =Vas1 = Vou1 +Vry =

K) =200 mV
1



7.67

P:VDDID:3H1W

1 1

Rijpy=—=——=500Q
gm 2:“71001%ID
w
W _ (e
1
Ay = gmRp MRD =5



7.68

P =Vpplp =2mW

Ip =1.11 mA

Vp =Vg —Vryg + 100 mV
Vop —IpRp = Vg — Vryg + 100 mV

Ve =Vbp
2Ip
Ay = g Rp = Rp =4
D Vas — Vra P
Vas — Vra
Rp = A,
b 21p
Vas — Vi
Vop — IpA,~S5 —"TH _ v/ Viey +100 mV
2Ip

Vas = 0.55 V

Rp =270 0

Vs =Vpp —Vas = IpRs

Rs =[1125 K9]
L Ao ~[4933)

lu”ﬂCOLIJ (VGS - VTH)
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7.73

P = VDDID1 :3H1W
Ip1 = Ipe = 1.67mA

Av _ . To1 || To2
Im1 + To1 H To2
_ Tol || To2
- 1
+r T
Qﬂncoz(%)llDl ol H 02

=0.9

Tol = To2 = =6k

Mp1
(F) -3
1

Let Voyo = Vigsa — Vre = 0.3 V. Let’s assume that Vour = Vpga = Voue.

Vase = Vo = Voo + Ve =
(7).
L)y 1nCow (Vasa — Vorr)? (1 + AVpsa)

= [161]

2Ipy
tinCox (), (1 + AVDs1)
Vpsi =Vpp — Vpsa = 1.5V
Vas1 =1.44V

Vin =Vasi +Vpse =

Vast = Vrm + \/





