FL S A —— 25 Rl

LXQ
2019.11.27

6.38 Construct the small-signal model of the circuits dipicted in Fig. 6-50. Assume all transistors operate
in saturation and A # 0

Voo Voo Voo
Rp Rp Rp
Vout Vout Vout
M, I__l Vine—[5 M, Vin M,
+ VB
Vino—[s M, _I M, M,
(a) (b)

(c)

Vou!

(d)

Figure 6-50
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Figure p6-38

6.46 Consider the circuit depicted in Fig. 6-57, where M; and Ms operate in saturation and exhibit channel-
length modulation coefficients A,, and \,, respectively.

Voo
M,
in Vout
M,

Figure 6-57

(a) Construct the small-signal equivalent circuit and explain why M; and M, appear in ”parallel.”
(b) Determine the small-signal voltage gain of the circuit.
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Figure p6-46
(b) ATFIAR L TR

Vout Vout
+

= gm2V2 + Gma¥1
To1 To2

V2 = Vin — Vout

U1 = Uin
A _vout o gm1+gm2
s e — -1 , 1 ,
Vin oy T s T 9m2

7.28 If A # 0, determine the voltage gain of the stages shown in Fig. 7-60.

VDD
M, Vo]
Vout
Vino—| M, Vino—]
(a) (b) (c)
VDD VDD VDD
vin I MZ Vino_l Mz MZ
Vout VO"“ RD
V, Vv,
Ve[, m, My be—l[. M, -L_I M3 . out
L L T T T ine—[- M,
(d (©) (U]
Figure 7-60

BB () Mo B, WRTERBL 5/ /1o, WIMONSRIEBORES

A, = —gm(rol//roz//giQ)



(D)Mo TN 025 Ma N —HEHEIE, WIRA =/ [ros, WM OABGIREE,
1
Ay = =gm1(To1/ [To2/ [To3/ ]/ —)
9Im3
() Mo PR AIr 02y My N ZHREHE, WM -/ [ros, WM NIGIREEE,
1
Av = _gml(rol//TOQ//ro?)//gig)

(d)M1m‘$}any‘jT‘01’ Mgm‘@_ﬂj‘j L //7"03, M2y‘j;j\:ﬂ§5%§ﬁ§’

9gm3

A, = —gm2<roz//rol//rog//g;>

(e) My IR AT o1, MsD,Glifiet, 2o “HAE S, TN/ /ros, My NIRITHCR S,

9gm3

A, = —gm2<roz//rol//rog//g;>

(F) B 5625 5 M i ) B8 e i BB, H/NME S BRI ] p7-28-f FioR. AT RS 5 v, ™
AR

Figure p7-28-f

i
iRp + (i — vgm)ro = v
SR, =l Botr
7 14 gm7o

MﬁMg%&&y‘sz = % = %7 Mly‘j;j{‘ﬁj:gii, [)1”
RD + To

14 gmro

Ay = —=gmi(ro1//72) = —gm1(ro1// )

7.46 Consider the circuit of Fig. 7-73, where a common-source stage (M; and Rp;) is followed by a common-
gate stage (M and Mps).

(a) Writing vout/Vin = (Vx /Vin)(Vout /vx ) and assuming A = 0, compute the overall voltage gain.

(b) Simplify the result obtained in (a) if Rp; — oco. Explain why this result is to be expected.



Voo
Rp;
Vin°_-| ° Vout
W%
X
Rp1
Figure 7-73

B (a) MUBCRARAIGRIBCRES, 18R = Rp1// - U

Uy 1

o gm1(RD1//gm2)
T Moy R FEMHBOR S, T

Vout
= gma2Rp2
)‘)\ﬁ% = *gmlngRDz(RDl//gﬁ)
(5 )
Rp1 — 00, 2 — — g1 Rpo

wm

Rpy — ooy, JERHEESH ARy WIS, WM LM, IR TL, TR BB R4 A A MR NI OR 2
I Rp W HEE, WA, = —gniRpoo

7.47 Assuming A = 0, calculate the voltage gain of the circuit shown in Fig. 7-74. Explain why this stage
is not a common-gate amplifier.

Figure 7-74

g M T HEEEWE pr-47 B

Vin + V1 = Vout
gmUV1 = 0

L Vin = Vout, Av =1

12 FEL B AN M JBCR 5% 11 L R0 i A i A i A L BBAH I i A it i B

7.55 Determine the voltage gain of the stages shown in Fig. 7-80. Assume A # 0.



Rq
gml“b’l(D v
o - o
Yin i
Figure p7-47
Voo Voo Voo
Vino—] M, Vino—| M, Vino—] M,
Vout vout Vout
Rs Vo[- M, _L" M,
Vee—l[L M, Rg T T
(a) (b) (©)
Voo
Viz - M,
Vo1 —{[E M,
Vout
VinD—| M1
(®

Figure 7-80

(a) Mo PTRA oy, My UURIRERFESS, U
A = Im1 [Tol//(RS + 7’02)]
" T4 gmlra//(Rs +702)]

(b) My5 R MR A HFIBURES, ATEE 0N (1 4 gmaron) Rs + 102> My NUEIRERBESS, U
A _ gml[rol//((]- + g7rL2T02)RS + 7102)}
! 1 + gml[rol//<<1 + gm27‘02)RS + TDQ)]

(¢) Mo W —BEHEE, T 1 [roe, MiOWIRIEREERS, T
- gml(rol//gw%//ro2)
v 1+gm1(’r01//97%//’r02)

(d) AT Kvgu BA T B BISE R B oy, /MBS FLERUNE] p7-55-d P
v =1[i1 — gm(v— (i —i1)R1)]ro
v = (Z — Zl)(Rl -+ Rg)
X _v_ T'O(Rl + RQ)
- Tout = 7 - R1+R2+To+ng0R2

<




DLRQ Uy gm'”l(D [J T,
o

Figure 1
My IR ERBE RS, AT
gm(ro1// Rl+320i5“]:21i£jz)7”521?2)

- o2(R1+R
1+ gml(ral// Rl+RT2-52‘§'021:gwjz)7'02R2)

(e) Mgﬂ%ﬂ'ﬂz’rogy Mlﬂ%ﬁlhﬁzg?%//rol’ MQ%%*&EEI&E%, )H\U
gm2(r02//7'01//7n03//L)

gm1

v 14 gm2(7402//r01//7403//97%)
(f) M, Mgﬁﬁ)ﬁlﬁ HfHr = (1 + ngTOQ)TO?) + To2s T M AT ERBE A%, U

A — Gm1[ro1/ /(1 4 gmaTo2)703 + T02)]
" 1+ gaalror//((1+ gmaron)Tos + o))

7.56 Consider the circuit of Fig. 7-81, where a source follower (M; and I;) precedes a common-gate stage
(MQ and MD)

Figure 7-81

(a) Writing vous /Vin = (Vx /Vin)(Vout /Ux ), compute the overall voltage gain.
(b) Simplify the result obtained in (a) if g1 = gmoe-

R (a) My RUENGRBERS, Rp = Roi, = ﬁ

m2

Ve 9micg o Gm1
.. - 1 -
Vin ]- + gml : gﬁ gml + ng




My NFEHITBOR S,

Vout

= gm2Rp
U,’.U

. Vout _ gmlngRD
. Vin 9m1 + 9Im2

(b) Im1 = Gm2 = gnlﬂj‘
Vout _ ngD

Vin 2

9.19 Determine the output impedance of the stages shown in Fig. 9-52. Assume all of the transistors
operate in saturation and g,,ro >> 1.

*— Rout { Rout
VDD

Vb‘l'_l M1 Vb1._| M1 M3 l_'vbS
.L_W'_I M, Vo o[, M,
T Rg
(a) (b)
R
Voo ‘_ out
Vba ~—[* M, Vo1 L M,
Voz Il M
v, b2 2
Voz [, M, b1 s M,
= Vs —] M,
- Rout L
() (d)
Figure 9-52

B (2) Ro LT, WM R B, TAr = 1/ /re, WM SIREIROCE,

gm2

! gm1
Tout = (14 9m1To1)(?//T02) + 7o R TOl(ﬁ +1)

m2 m
(b) My, MsPFLU5, WIRT 53 AR AT 0, Toz, T My NIRRT IO S, )
Tout = (14 gmi17o1)(To2//T03) + To1 = gm1To1(To2//T03) + To1
(¢) My, MsPFLU5, WIRT 73 AR AT 0, 1oz, T My IR IO S, T
Tout = (14 gm1701)(T02//T03) + To1 = gmiTo1(To2//T03) + To1
(d) Ma3LUs, v Nrs, Mo NIRRT FFBORES, N
To = (14 gmaTo2)T03 + To2 = gmaTo2T03
My IR YR IO S, T

Tout = (1 + gmlrol)ng"ﬂoZroIﬂ + Tol = Im19m27 01702703



VDD
Voz e —[T M,
Voz [ M,
VDD R
Iq * Vou
Vout Ron t
Vor [ M, Vo1 s—{[. M,
X X
Vino—] M, Vino—] M,
(a) (b)
Figure 9-20
9.32 In the cascode stage of Fig. 9-20(b), (W/L); = --- = (W/L), = 20/0.18. If p,,C,, = 100uA/V? and

ppCor = 50pA/VZ X, = 0.1V~ and A\, = 0.15V~!, calculate the bias current such that the circuit achieves
a voltage gain of 500.

fi#
9m1 = gm2 = \/2/anow(W/L)ID = 149+/1Ip
9m3 = Gma = \/2,upCo'r(W/L)ID =105+/1Ip
1 10
’r‘o = TO = [ —
T NI Ip
1 6.67
T =T = ——
03 o4 )\pID ID
Av ~ *gml(((l + gm3r03)ro4 + 7"03)//((1 + ngTOQ)Tol + TOQ))
~ *gml[(gm3T03ro4)//(gm2r02T01)]
= —531400/1p
E I LAy B4

BAE 25155500, W Ip = 1.06mA.

9.34 Determine the voltage gain of each circuit in Fig. 9-59. Assume g,,ro >> 1.

Voo
Voa [ M, Vi o—|
Vs +—] M, Vpz +—|
M, Vout
Vo2 +—| Rp Vb2 «—|
Vinc—| M, Vino—|
(a) (b) (c) (d)

Figure 9-59
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To1
Gm = 09m1 - o+ 1
ol ng//"'o?//RP
~ ImiTo1

- 7aol"'gﬁ//-RP

Rouwt = [(1+ gm3)ros + 703]//[(1 + gm2(To2//Rp))To1 + 702/ /RpP]
~ [gm37'03r04]//[gm2rol(702//RP)]

A’U = *GmRout
gmlrol

T v+ L //Rp [(gmsTo3704)// (GmaTo1(Tez/ | RP))]

ro1/ /R
1// r Ngml

Gm = 0gm1 - ~
Yo //Re+ 2=/ fren

Rout = [(1 + ng)roél + TOS]//[(l + gm2ro2)(rol//RP) + ro?]
~ [gm3703T04]//[gm2r02 (Tol//RP)]

AU = _GmRout
= —gm1[(gmsrosros)// (gmaroz(To1//Rp))]
(c) M i HL s v,

Uy

= —gm5(’l"o5//7"out1//rin2>

1
= _gm5(ro5//rol//g$//7“02)

Vin

1
~ _9m5(7"ol//7’05//g$)

Xﬂ-ﬂ:y\vmiuvout E‘Jﬁiﬁ% 1
Gm = ~gm2
T'in2

Rour = [(1 + gmg)ro4 + 7"03}//[(1 + gm27"02)(7"01//7“05) + ’I“OQ]

R [gmsTo3To4]/ [ [gmaro2(To1/ /T os)]

E U;m = —9m1[(gm3T03704)/ / (Gmaro2(To1//T05))]
out 1

/l; = gmlgmf)(?“ol//rof)//;)[<9m3T037"04)//(gm2T02(rol//ro5>)]
(d) B M s v,
,:x = _gm5(’r05//7"out4//'l“in3)

1
= —gm5(7“o5//7"o4//gg//7”03)

1
~ _ng(To4//7005//gE)
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Tin3

Rout ~ [gm27"027“01]//[9m37“o3 (7'04//7405)]
. Vout
. v

= _ng[(gm27"o2r01)//(9m37003 (7“04//7“05))]

%'m = 9m39m5(ro4//ro5//;W’)[(szTozrol)//(gmfﬂ”oS(7"04//7“05))]
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