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Abstract

Many parameters should be taken into consideration because there are so many
different specifications in analog circuits. Nevertheless, in most cases, the speed
trades with many other parameters including gain, power dissipation, and noise.
Meanwhile, due to the need for increasingly higher speed circuits, the demand to push
circuits to higher frequencies has always challenged designers. It is therefore
necessary to understand the frequency response and speed limitations of each circuit.

Most circuits are built up using elementary building blocks such as current mirrors
and differential pairs, and in this thesis, only elementary circuits are considered. They
have two or sometimes three nodes, and thus their transfer characteristics are second
order, or occasionally third order. Second-order systems are discussed in detail
because most amplifiers can be well represented by them. In the organization of this
thesis, elementary transistor stages are classified by the number of transistors used or
we can classify as follows. single-transistor stages: common source amplifier, source
follower (common drain amplifier) and common gate amplifier; two-transistor stages:
current mirror, CMOS inverter, cascode amplifier and differential pair.

Skills are developed for deriving transfer functions of these elementary stages.
Equations at each nodes are written using the technique of nodal analysis, and then
these matrix equations are solved using Cramer’s approach. In order to study their
high-frequency performance, Bode diagrams and pole-zero position diagrams are
used throughout. Bode diagrams are repeated for several values of one single
parameter to learn how that parameter in the circuit may influence the performance. A
pole-zero position diagram gives the evolution of poles and zeros of a particular
transfer function with one single parameter as a variable. It provides insight into the
role of that parameter with respect to the high frequency performance and illustrates
the regions of instability, pole-zero cancellation points, etc.

First, we review the low frequency characteristics of single-transistor amplifier,
transistor’s high-frequency small-signal model with device capacitances and load

capacitances added.
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Second, we analyze the frequency response of single-transistor amplifiers.
Although they may seem too elementary to dwell on, single-transistor amplifiers
already contain two nodes and they can represent all two-node amplifiers. Source
followers can used as impedance converter stages. The buffering capabilities from
high to low versus frequency are investigated. Impedance conversion from low to high
can be realized by means of common gate stages. Important characteristics including
gain, input and output impedance are discussed in detail. Other important phenomena
such as pole-splitting are also introduced, even in this simple configuration.

Third, the frequency response of two-transistor stages are discussed in detail.
Current mirrors are of vital importance in construction of biasing blocks and active
loads for amplifying stages. In their simplest form, they also consist of only two
transistors. Then, the well-known CMOS inverter is discussed, followed by cascode
amplifiers and by differential stages.

Finally, we consider the effect of current mirrors on the frequency response of
differential pairs where a pole-zero doublet is introduced. It is followed by the gain
boosting cascode amplifier and its frequency response is investigated. A detailed

example is also given on how to draw a pole-zero diagram.

Key Words:

Single-transistor amplifier, common source amplifier, source follower, common gate
amplifier, two-transistor amplifier, current mirror, CMOS inverter, cascode stage,
differential pair, pole-zero doublet, gain-boosting, frequency response characteristics,
transfer function, zero, pole, pole-zero position diagram, Bode diagram, Miller effect,

positive zero, negative zero

Classification Code: TN4
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DAY A5 RV S HZ 48 1) Kirchhoff 7 F2 40

(YR, +5Cy, +5Cyy )V, —SC,pv

out —

Vin
RS (3.17)
(gm B chd)vgs + (SCQd + SCds + ]/RL )Vout =0

LSRG BRI R A A fE N

out

_ _ngI'_ (1_chd/gm)

Vio 14| Ry(Cyy +Cyo ) R (Cyq +Coo ) + 9nRRCyy |5 + RR; (CiCy +CyCyg +CyCo )5
(3.18)
HEPRAG BRSO 2 1 2 N
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1-sC
A = Vou _ A, gd/gm ——  (3.19)
Vi 1+ R, (C, +MCyy ) +R.Cy, [s +RR C’s
Hrp
C?=C,Cy +CyCyy +CyiCus (3.20)

(2) BAMHEH Zin

3R LR I 25 R A N BT, ARSI i D0 — A BRI in AR DN IURD, AR5 3K B i £
I vg BIA] . SAES AN — AN RN iin MEERIER, 32 F 1 s RV AT LA 2 R A
Kirchhoff 75 f£4

out — 'in

(SCys +SCyy )V —SCyv

| (3.21)
~SCyVy +(SCyy +SCy + YR v, =0
AT RLSRAS B 7 AR AL AR
Vo __ | 1+ R'L(C‘gd +Cye)S (3.22)
o | Cos (14 9uR)Cyy | + R (CyCys +CyCyu +CyiCus )S°
Bt LU N B
z, = 1 1R (Cy +2C;‘S)S (3.23)
|:CQS + (1+ ngL)ng:|S 1+ RLC S '
[Cyo +(1+9,R)Cy |s
R
1+R (C,+C_])s
Z = 1 i o 2"5) (3.24)
[Cos +(1-A0)Chs 1., R,C%s
[Ce +(1-A,)Cyy I
7N I:Ij
! (3.25)

foro = 2TR, (ng +Cds)
(3) HIHFHHL Zout
DN SR FL B P % D BELE, A H S 0 — A FRLUR fout VE D9 TSURN, RS SR HA i O
I FL I Vour RITT o 247 Mty A SURNAS 5 V50 B DX 2% B EE BELBOIS S ORIl I 25 R 22 )5 P
Kbt PAT. JENE: REJRRRS, RS, [RIN 4 ER R B e A T A YR P P .
1 P e ) R VR vin RS, AR HH S D0 FRLR foue, 38 PR RSV T AR BT
% Kirchhoff 75 f£4H
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R.+sC_+sC  |Jv._—-sC v 0
S gs gd/ " gs

gd"” out =
1 (3.26)
(gm - Sng)Vgs + (chd + SCds + EJVOUI = iout
L
Al LLSRAS Bk 7 AR AL
Vout _ RL |:1+ Rs (Cgs +ng)S]
o 1+[ Ry (Cyo +Cyg) + Ry (Co +Ci ) + 9nR RCyy |8 + RR. (Co.Cog +C oy + CyCo )5
(3.27)
FIT A% H B BT A
, 1+ R (C,, +Cy)s
Z =R, S( = - : ) ‘2.2 (3.28)
1+ R, (Cyy +MCyy ) +R.Cy, |[s + RR.C?s
N I:P
1
f. .= 3.29
*2mR (Cy +Cy) (3.29)
3.1.3 FLYRTHOR A3 SR e 4t

N T A BT AR A S A S EO AR IR, KT Avs Zin B Zour FRFIEREAT T
MBI 8. W BT LLE H, EATEZ gmy Cgdv Cdss Cgsv R, « Rs 5%
K A BB =R S RAFAE, (R AE — AR s HoAh S R S 40
R R, BIFH 6 MSHEOTUMER, 4512 gny Rs. R FI=AHZ Cgdv Cas Cgs

(Riz=w)o THETF LIS LI 6 NS EUME AR &, B 6 W AIRRFEL, SEBr LRI BT Zin
F Zouw BE XML, M 18 MRBAFE, (Al T RIS, AT e Hdhm—
B o AEFE T KRB Frh, FATE B BUE 2 gm=1mS. Rs=5kQ. R, =40kQ. Cgs=4pF.

Cus=2.5pF l Cga=1pF, IXFEM)IE, 7] LTS H Avo= -40 Fll M=49,

B, KHE CoafEN—AE, BT Miller 28, JRIFHZ Cod XA 5
M ZETROR M A%, T AR B2 Coa NG TBOR S 171 58 B8 1R 45 € [H 2 W I ik . N T
19 2IRr € FEUESI R, W] DL A Cou JREK—ANAMEHIA . Rk, B Coa IUE
LRI /NI R TBOR #5005 1 0 2 o 0 o L B
(1) H23 Av (Bh Coa ASE)

B, HoFEZENEE, A CodEE /NN, BTl Cee=0, NIZ (3.20)f 1k
N

16
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1
A=A (L+ jf /1) (A+ Jf /f,) (3.30)

FrAp AR AT fers fe2 2090 ARG, EAT D BRSO Cos AT H Y AR A

Cus FJEZS R . T RsIEWILEUN (kQ 20, 108 758 R H AR, fo
A H IR LB, 2 B AL IEN fo (FEABH fo=1.6MHz); fer AR TR .

Cya A
100 f=fca

pF fd fnd

10 Cus+Cas=3.5pF

BB
1 1pF —
Cy4=0.5pF

01r

fes | oo |fc1 fes

10K 100K 1M  10M 100M 1G 10GHz f
@)

0.01

AV(Cg)

100" Avo

0-1/5/20dB/decade

1071

40dB/decade

01

-

1 1
1G 10GHz f

10K 100K 1M  10M 100M
(b)

K 3-3 LA Cga WA R 2 Ay () T A E R (b) BRFE (g ARAL A7)
BUE, AL Coa IBHIE KR, N T EREAFN AR, P Coa AR EAR I FM
sAEE, K 3-3, 2 Coa B/, BIKZ) Cga<0.5pF I, W] LLHE #E A MR A

0.01

17



B NDOURT UK A [ 3300 43

Bode Diagram

: ‘m‘ﬂ;‘ﬂ:l
A Coa)| | Aw e
= — 1F ||
L < = gy ~ 1pF
\\\\ \\\\\\ \\\\ \
N
A NG AN
\ \\ \\\ \
™, N
= \\ \\ \ \\
£ AN AR
=
\\ N N
L
\

10* 10° 10° F'Equencjlo’(md!m) f/ 1'°Z
&l 3-4 Matlab 1/j HAF 2| LA Coa AR & Av BRI RIS ARG R 73D
FERRIERNE:
1B e A e 2N
1-cs
_ 31
Als) AO1+as+bs2 (3:31)

2 2
1+as+b32:[1+3J(1+ij:1+£1+ijs+ S z1+ls+ S (3.32)
s, S, s, S, S;S, S, SS,

T g A5A% i R RO AR

S 3.33
c ST ST (3.33)

5 REBNIELAR N TRV IE, 18 Coa BRI, X (3.20) W LALAUA

1-sCy /9,
A=A MRC S+RRC (Cu +Cy )82
s’ ‘L7 gd ds gs

s—gd

(3.34)

PUAE B AL fa 2 B Miller FLA MCoa i B, AL EALAE fea, IEAATIIY], AR AN FEAG

EFM A frd
M J.

iy (Cu+C,.) 2m(C,+C,) (3:35)

Hort M BEEA A, = 9,R
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I 5B Z¥ Cgat M Cgau

FEXAMI) 7, JEEME SR fe6=24.5MHz, Wi T foo Ml fezo PRI, 38K Coa {75
Werisr &, il 3-3 Prox, LS A I Coa=0.5pF TG i . 248, Miller
LA EE R F BRI FE Coar MO T HABHBEY, W1 3-3(a) i, AT LA MR AT fu IO IE S
S H Couto

=X (3.20) A LAEST HE RS

- 1 (3.36)
21| (RCy + R Cyy ) +MR.C,, |
PL Coa NAFEE, =M B T Coa IR A AT DAAF 2
1 1
f,= (3.37)
2m(RCy +RCy) 1, CaMR,
Rngs + RLCds
R
fo_ o (3.38)
° 1+C,/Cyy
Horp
RC._+RC
Cppmie e 1 (3.39)
g MR, 2TMR £,
1 (3.40)

e = 21T(RC +RC)

s~7gs

XTI Coa ME (Cga<<Cyat), TR RIRLLN feo, EMIRNG fea M. 1E

X (3.40)HH foo B feo, 1T LAUTAUARH
Cd

gat ~ ngzs (3.41)
FI R A 5, TTLAEH fa=8MHz, fco=1.6MHz, f:3=0.64MHz, fce=24.5MHz il

Cgai=0.5pF.
FIBE, R (3.20) FTLAMESH AR R foa A

1 (RCy +R.Cy ) +MRC,, 3.42)
" 2mRR (C,Chy +CuCh +CyCol) '

gs~gd

LA Cga NAZE, R M BEBE YK T Coa HIRK HRT TS 2

19
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. CuMR,
RC +RC RC _+RC
= 1 s—gs s—gs L~ds (343)
2m RR.C,Cy CoCos
© 14C,, | =
Cgs+Cds
R
1+C_,/C
0 = Teao 1 Con/ Com (3.44)
1+ng/ngu
/\I:I:I
RC +RC
foo = A S = ol (3.45)
2m RRC.C. T
c.C
=97 (3.46)

gdu —
Cgs + Cds

(M LK}, Cogau>Codt) 24 Cod WEER/INET, FEEAR T fa 3 LA fero, IF 7 B2 2045 H
) fe1s

FFH R BRHLZS Coa AT AL A4 88, BB i 4m i 28 M s S AR A Ao B
I S FB BT (AT RRCA R s B2 ), Bl Coa 22 KBS M S AE TR AU B . Coar A
Codu 7 5| TR AL I T HL 2%

Coat TR T 51 R 215 B 58— NG SR8, AT DA M FZS Ca R A FH
{6, MH% Cod KT Coat Ji KM AT B, FIFH Coa AT LA SO E .

Codu X B T IE T IS I AR o 24 Cga>Coau Jii» B Coa 311, fra 251k IK
59, Coa AAE AL R RIREMABE Uk TS, RIS P3G 0 S 45t H 2 0 VE R R TR A R,
AT AYCH AR R Ik L2 Coa HME RE T 45
A Coa NZZE T A B TR 23 B B4
N 3-3 P Coa NASEIE & Ay 9 Z MR i o7 B PR P — > LB A T ) 0«

Y Cga<Cqat H [ I /N, AR st AR F AR 50 1y -

1
~ fc2 =
2TR.C

1
2TR,C

L~ds

f,=f

ot M, =f, ~f, = . FEARREEE, B Coa L.

24 Cgd >Cgdu B S it LRI, AR SR =M A0 A -

1 O
v A e L0 4
= iR, " e ~ (e, o) WA bl Con RSt

PA-1 RERTFE, AR AR AUIE fro=fes, FATREFRE EABE Coa 1L
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‘ Cu) .
Eﬂhﬁ%%%mﬁ,#IW%%%%zm{hwan@M%Cw%ﬁ%moﬂu

gdt
BRMEHAE Coa &b, T AFAE R TR R AW ST B EHEERERNZ, iR
(3.6)F1z (3.36) AIAI, FEXTEALRARH, AEFM A faa AHXTT WA fo RSN EOREE

f 6 Cd
== > 3.47
f02 AIO [Cgs + Cds ] ( )

ATEVE RS 2t Avo 1751, B Coa SEINAR MR s 18] S Ml A2 S 15z, AMa Y
fEMBEER. Wan S IEtl, EXAETH, kLN 16, XTIk 16 f% Cyat
KH) CoafH (8pF), AF TR IREFAE e ALAEE AL

m%ﬁ@ﬁﬂuﬁﬁgﬁ%:ﬁ=§%fo%&ﬁ%ﬁmw%ﬁ,$ﬁnﬁﬁﬁﬁﬁ
ad

B EERAN: v BRI S E, =f BIC, =C,, +Cy I (fEA
21(Cye +Cy )

Bl B5PF), £ T A A RN, SR 0 AT B R,
TR, R SRR A Con, W £ KR R AR 2 6], 115 B
SRR, =T, 2

L_ G 1 _mg,R, (3.48)
f, 2mC,/ 2TMRLC,,

R RIFIEEAA, HRBIBEATFR . FOYIEE RO BRI S0 5 7O R F], A
INB B LA I RN SR L, HAERIUEZE sHEREOR, FITEL Coa IR HUE
FEIEF m /N AR s B B Iz (B3 e BT CL, AR s dRTH I, R AR Pl A AR b fRfr
-20dB/decade HIFHR, X+ 5/ Coar AEAaRFIER: tHOLBEUE ) B &5 XT3 KR
Cod» R I PIHAI XK R E B iedms i1l , B8Py #2 Bl .
EFZRNHAFER

T ORI E R S ARAOE AT, JF HAAS 0 S B AR T i B . 2
ZRE T, R T 2R b AS I NESLE E A, A AT R SR AR AL . IR A
MARAE P E R, B PESI MGG, MRS, AT % s
T L, EEMRBIRG T, AT EF m ARz g0k e, ROV EANISIAM
IEAERR R G TEE
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a1 14 jf/f Al i
_ 2 o 1-jih,
A=A e, A=A i
f \fz > f fy \fz > f
QAN P(A)4
0° TN > 0° ~ >
-90° \// -90° \\ ’1"800
-180° -180° S
@) (b)

K 3-5 Mz Av ISR (a) 7iE si (b) IEF AT

N7, BT IR BEAN ST 5 AN, 9 2 RO MESIURF I — 5 s (EARSIURF R BUORAN R,
Kl 3-5 (a) MM AERALLRIFE] 0, T (b) T IEE ARFFAE, HHAAEF]-180° ,
FHA A B 56 AR
AT R A R A

TR AR A AT A AR AT H A N\ e B A S . P AR, MBI
R Coa EIEM G (RIS 53088, 71— MBS gm (@D . BT HAERENE
5 Bkt e R AR GLAR S, 2 e A AT T

Rp
c Rz
RIREE X
M
Rs RS
FiEE

(@ (b)
Kl 3-6 (a) IEFRERERR (b) 3 AHIHER
TH R IEZ RO S ) B B TV AN 5 A SRR L Rz, B AN T R348 .
B T AR C Ab, 3R] OB R #5539, IR/ T O A5 IR 305 0 2R 7
(2) #m Av (B gmn NBE)
JT 4N g, 6 Av HIBAI, SEBAAM =14R /R, + g R, ~g R, KAl S

B, £ AN, RN R g, R, WS RIT
EXISE
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F

=B U IR AR IR SR i N RS

1 1
f = 3.49
¢ om (Rc +Rc) RC. +R.C, (3.49)
s—~gs 1+ gm s—7gs
RSRLng
R
1
f=f,—— 3.50
d c9 1+ gm/gmt ( )
7N EF'
fo= 1 (3.51)
ZW(RSCQS +R.C, )
RC R C
Ot = Do e (3.52)
R,R.C,,
JEE A
RC_+R C, RC RC
fosm g Rsbgs T Mibgs (3.53)
21R_R,C R.R.C,,
&l
fnd = fc15 (1+ gm/gmt) (354)
Hr
_RCy +RCy (3.55)

fas 21R R, C?
gmt 22 Miller B2 24 FH I 5 S48, 7EA5] 1 gm=0.6mS, feo=1.3MHZz, fc15=5.8MHz.
Mg, BN g, <9, 1, M=~g,R BN, MRC, BRI LAZWE, B 324K

‘ \ RC.. +R.C,
AT, = 1 AR = e
S L

2m(RC +RLCdS)

s~7gs

s IR RANEE 9, 224K

19,>0, 1, M~g R BK, MRC JHIFEHAGEMLEE, WA EITES

fo

B9, JFRE g, SR ERRE R . S AR AR T = /
m mt

, g, BUE, EEHRAN

fnd :fC15 (1+gm/gmt) ’ —'_j gm ﬁiIEHio
FASE R S o , FE VT A AR AR A R ) B = T RS B), gm BOKGE, (H2
XAESEFR R ABLE ] o

s AVIIE R, = % b gm HOBGINTIHE N, X 5 B 3 sl Coa HIHE KT/
gd
23
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ORI AR, 4 f=fa, AI13E5S gm A

RC, +RC,
gmu = 2TrfndC 21Tf015C chd (356)
RS, FRSAEFRAHGH, W NEN SN 4 f=fa, FJRET gn N
_ _ _ ng
gy = 2TT,Cy = 2711, Cyy = | (3.57)

RC, +RCy

SR, RS BRI, PR AR RN . BT RO TSRS R AR, W]
PAAESX PN R B s = gm=gmu I Z2 il S AR E AR A, B9 0K, TR SR U
2 gm=gmr I, TR BRI, WD, RSB

A gm
mS 10f
fd fnd fz
1+ 9m=0.6mS

0.1F

Omu=0.036mS

0oLk Om=0.083mS

f; feo |fcs
0.00 ) ] ] ) !

1 »
10K 100K 1M oM 100M  1G 10GHz f
(@)

|AV(gm)|,
1000 10mS
100
1
0.6mS™ H
036
10F : gthO.BmS
0.1 :
0.036 i
1 F g 20dB/decade
0,01 ;
0.083 1 10mS
01 0.
0.001 40dB/decade
0.01 ' ' : ' ; o

10K 100K 1M 10M 100M 1G 10GHz f
(b)

K 3-7 DL gm ARG AV () FMAE (b) Bbs B (g AR AL )
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Bode Diagram

Av
50 — — 10mS
i —r
. — —r
§ ﬂ,1rI\Sm
. e
30 —— 0.083mS
— TN —
'-"-_\\:\‘\
g \\‘:\\\
S N
£ N
£ QQ\ N
—— NN
T NON N
\ NN
- \ \\ \\
= . ™~
et N N
| N N
" \\\
- AN
N

fIHz
] 3-8 Matlab 1/j FLAF 2 (] LA Coa AR 2 Av FIBCRF B CRBS AN
XTAFPE S, Bt mEREE 2 & 3-7 (b) P, RS T, 3N
| Ay I=0,R, > Bl g, B INIG s &g m, HAEH g, MR, HE .

fEQ,, RN, il =g, /(20C ) ie AR, It SELEAZ IR Huw R 2 1)

e X T/NT gme i) gm B, FTLAFE N RAF RS8R 00— BRI : 24 gm=gmu I, %
RAGAR RS, A AR AN 2 gm=gme I, F RS BRI B AR
BRI N 5
M gm=gme B, AEF ML B H/ME, 40dB/decade X FE AR miiiT. FIIEANX
T RIS I OR 48 2 5 gl ph ek, — MRS BN KT 0dB Y A AFE
40dB/decade [X .
£ gm>gme HIIGOLT, 19 o BEATZR G N 15 56 I S tRoE 38— N0 i, RAIURR
PEREN 20dB/decade —Bir[X, #&J5 H B AR T AR R E BUSE AP R TR ATEE
40dB/decade i IX; fm/E thELE Mok E 90 f, @RI (9] 20dB/decade X .
T ERRIEFE R, BN A B R B S AR AL-90° A4k, M i fE &
AU AH A 3 $1]-270°
I BT A 18 AT CARIE A AR R AT I S 0 B, BIAE N Cga B gm, f2=fna I,
FRGAEFEW ST FOYIEZF BE Coa NS [0 EARSRTT [, BE gm SEINTIAS 7]
ST ], P DL R A0 gm B AR A R0
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3.2 PR FRBE AR

TEIX BBy, H VRN Ve UL BRI 28 O ) S o ZERTTI IR 300, BRI T 3%
VRO B TR SR, 3 P SR A I 2 AN 5 . (R 2SI ME— E iy, 7R
ZAIUT, BB B T, BRPTRE A PP, MAIRBE 0 25 ELR DA 5 BH A B
TIRATIR 0 T VUR5 R e LA A 0 A 2 L SR B e PRI B s 0, SN BRI K G
BITEF KD, ST Ligm MR/, AT LLSR LA N S04 HH 2 [0 f v R 220k o S i B
W7 BN, X R AR VRS A

F N AN 2 18] ) B LT RS B A -

|
=V..=V_+ _B 3.58
s T VKWL (3.58)

Ikl 3-9 fra, EIRERBES S ININERTE, DRUOviRimiE R E IR s, XA RIME S
I 5 AT S ASEMIAR, SRR, R RE B BHYTN R URSER AR 1)
HIIE I WS, RS AR Cl. WK 3-7 (a), #JRATDAURREAE—, MR
fE LR

V, -V,

IN ouT

Vy =V + V(2@ - 0 = )20, )) = Vs, (3.59)
wg&gw,ﬁﬁmﬂuﬂﬁﬁﬁ%f—i S (R4 FE A
Vy =Vig + V(2D +Voyr —[20)) (3.60)

VDD VDD

VIN

T CL vour

K 3-9 EIREREEAS (a) BATIRZNL (b) A7 1R%N
VAR PR E 2 B /IME S 18t oS N T AL B 1, (HR R R A et 1. i 3-
10 fr, HAERUME 5 i X 1K 3-9 mf 1 AR IR AR BaL, ME— DX E T AT i
i), FZE Cas MRS, JRERZEZFAE JFET FHIHE Cos 2B MIEHE Cas Lo K
L A UINFE L Cos £, DOV #OGZ ERRAE S O RIME 5 3 B
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_ D
, c’
OmVgs lds ds
+OmbVbs % i
g L g 0
+
T CL Vou ( bs)
() ,
_ i Zout
S al

o+

_L y:
oo T % -
(b)
& 3-10 WA ERBE 45 /IME S8 CBH (a) fRLHT (b) fitk/a
3.2.1 33 Av

UV, 20, %8q,,, W RS

(YR, +SCy +5Cyy )V, —SCoV,, = :;ﬂ
. (3.61)

_chsvg + (chs + SCtIJs + ]/rc;s)vout O ( out) YoV out
B R A1
(YR, +5C, +5Cyy )V, ~SCV,, = \é— 362
~(Gp +5Ce )V +(SCye +SCye + 9y Vo

LT RS 2 0 -

1+s— ¥
A, = You — On . In (3.63)
V. .
in gm [1+ R j Cds 4 RSng &C ZSZ
r.ds gm gm gm

Hr: g, =0, + 0 +Yre» Cie =Cy ICL» Ty =Ty IRy » C? =CCy, +C, Cyy +Cy Cus

gs~gd

N TR, fEVg =0, 1y > /g, BB, ¥ g, L0V, WSS R EAT LLS Y-

1+ Cos
A, = Jou - . In (3.64)
v, .
o1+ [1+ R J Cds +RC,, |s +Regrg
IPds gm gm gm
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(b)
&l 3-11 IRtk ER B &R HIAE () fth gt (o) PR3l
NT I, BATREAZ R, A ey RN R ARSI IS ATLAE K 3-11 (a) WEIRERFESS
ERBIHH I, R, =g, I, AR, >1: & 3-11 (b) JEREREEZE A PR3,

Rs z:I'/gm ’ ﬁﬁERs < rds"

(1) Rs<<rds BT
FAVRMNBAT L (@) FARTEOAT, R /r, <1 AHHFHEMTI 250

# res=50kQ, Rr=1MQ, C.=10pF
PLgm AR, SKRE TS CAWRERIEERD FFEEMW A

f,=— 9 L (3.65)
©oom(C+Cy) g R.Cyq '
"Cy+ o
1 1
f, = | (3.66)
2MRCy ., 1 CytCy
gm Rngd
C C R.C
il Y Y ] (3.67)
2TR.C C,.+Ci
R
1
f=f ——— — 3.68
d c6 1+ gm/gmr ( )
1
f=f ———— 3.69
fnd = 1:ndO (1+ gm/gmr) (370)
Hrp
. - C, +Cy a7
mr RSng .



= U RO SR IR R

g
f, = m__ 3.72
® 2m(Cy +Cy) (3.72)
fo= L (3.73)
2mR.C,,
_f, = e tCe (3.74)

Frao =Feae = 2mR.C*?
XF/NF gme 9 gm BE, FETRET faa= fois, ZEABIH, gm=1mS, gm=3.3mS,

fe18=7.9MHz, C*=66.5pF. {HAALIEMA, /MR AR, Bk Xk 3-
12(a) Fiasseitsyr, BT AEEMR A RET F W, AR LA . 5
[R5 B B 5308 70568 B (R85 3 gmo FEIERE R 52358 70 0 v i RRH SRR AR AL, U
WA E WA BEN S FEOE M, DR A0 G o 3 i BH 52388 23 1) R i
gm=0mb (0.8mS) ALFFEF=4, TEHE gmr(3.3mS) Al MiA R K, I H&RrE: 2|
#53 FTH gm=gmt (13.3mS) &b. A LUE L—ANRAEFIFZE 73 RN E, S Agmr (A
B HiZAE N 16)

2 ’ c.C ’ c.)
AQ., = Ot _ C : 1 - 1+Ld§i =| 14 294 (3.75)
gmb Cgs + Cds ng Cgs + Cds ng ng

_ Cgsts
gdt — '
Cgs + Cds

gt

(3.76)

f f > Ly \
(0, = fndo O s O = fdo O > SEINVEARA DS RAE S5 P R TT)
do

nd0

IR, Agme T B C AT Cgs, BLEAME LA Coa, 117 H Agmr SRR T 1. 1

KM LA Coa W LUE Agme 22/, 24 Coa KT Coat (A1 3pF)If B2 #8738 2 /),
RV ERBEAF M2 o SEPR b, Coa MR B AR S A, BRSNS 1 BRI 8]
KON RsCod MUIGEIE R AT, B 1 ML, R 1 mid o
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A gm
msS fq fnd
1001 ¢
Omt p
10 [ gm=3.3mS
1t Omb
Omu=0.2mS
0.1r
f;
fa /fcg feis
001 1 1 1 1 1 -
10K 100K 1M 10M 100M 1G 10GHz f
(a)
|AV(gm)| T ?
1
0.1
0.01r
0.001 r
1 1 1 1 1 1 :
10K 100K 1M 10M 100M 1G 10GHz f
(b)
Kl 3-12 DL gm NE R Av () AL ER (b) HAEE CEBSAHAE 2D
: )Z"“ s
A (0
1 A o,
S N
\::::\ Y\\\\\\
2 % O
\\

-40

Magnitude (d8)

Ty

10°* 10° 10° 10

10° 10° 10" 10
Frequency (rad/sec)

3-13 Matlab 1 HAZEIHI LA gm NACE Av BBCRFIE CEIISARALEE 70 )
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HEREEA S gm BUE R E AL,

L (3.77)
2mC
Jnu * YR, (3.78)

2 gm~gmu I, FRGIGH, TSR AR SRR, A 3-12 Al —FriRkE. A

EI:' gmu:0.2mS, JHS&LI\% ng=ngty %B/Aﬁﬁﬂjﬁﬁﬁj\j
1

fo = 1R, (ZC('jS) (3.79)

Y Cga=1pF, BIEHIZE f=9.6MHz; 24 Cga=3pF, #XIFHZ f=8.1MHz. XFli K/
Omu B AT DU /N AL SEI, 24 Rs AR KIS, XIFANBLSE, FONHGAE 2RSIET D,

P AR S ST B BRI Lol Rs=50MQ, #4 gm<20nS, BLi HLJ K4 1nA.
BN A AR L G, (045 CL) 70, 2 SRR IRR S, AR

M RETHL . 7 BRI LG O T L oh, UG KA Coar 78 M-S BB B i
NUE s (T T FORE (A
A C, BEBRMME CL, WAk, (3.80)H I AH % RsC) FERR T4 £ IXUF&

el A C, HEGESIEE I Rs b, %A MAE 1. Ha)imdl, RIATIER

G, NAZLE S N H 2 AR 2 R G A AN 2 S B0 . 25 R & B2 Cos
IR, BB 4 N R4 AT B AR — g . FRATTH LAY Coa RS E BUAMEIX Y, H2
X T HG gmu KI gm BB XFIRKI gm A, BRAMREL, TR AR, TR
XN gm, A,

gi b, WA Cod, W LAASEIEARERFAE A, 1M H &SP IMAT, K HE T
Om = NIGFME . Coa I/ ME IS H, gm BIIGFHEH G H, (HR B8 .
(2) Rs<<rds ANEIL
WMRR, < r ARL, A FER SR E K 2

f

— do 3.80
° 1+9,/9, (580
fo=f, £1+ ggm j (3.81)

gt
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R (3.82)
2TR.C,,

1+R, /r)C.. +C,
oo = ( ZT:R) =2 : (3.83)
o - (1+ R, /ry )Cy +Cy (3.84)

mr Rngd
BH 2 DX 3 P 9 -
, . 2
Ag — gmt — Cgngd + ngCds + Cgsts (385)
" gmb Cgngd + ngCds + ngCgs Rs/rds

B C LR > Co W fo<f WIBXW%, A7= S . BBk C,, (&
Cypy > Cu /R, TTLLB GRS HE A B, 530 5 R, < r,, B A

3.2.2 W NFEHL Zin:
el 3-8 VEAKERBES/IME SEBCLEE, B A RVE T LR 2
(SCye +5Cyy )Vi, —SC i

gs " out = lin

- 1 (3.86)
_SCgsVin + chs + SCds + r_ Vout = gm (Vin _Vout)
ds
A] PAsK
5 Yy (gm + ]/rc;s)+ sC,, +SCq
" [(gm + 11y )Cy + 11y Cgs]s +C%s?
14 s| Cos+Cas (3.87)
_ 1 gm +]7/rds
- C r. Ca
Cu+t—>2—|s | 1+ e T
[ 9 94 gmrdj Cgs + (l+ gmrdS)ng
1Eg ry > 1R OLT, BABEPTAT LT LA
_ 1+s(C, +Cy ) /9.
Z, =n - L (S — )/o (3.88)
i C r.C-s
n C . +—% |g|l 1+4—9—~
od C C
m'ds gs + gmrds gd

B, AR A ER . AR, BT g, re FME EBOR GBIy 500, H
2% Cgs FEART LN, HIANBA KL Coao W T EEARH & A S NPT FEH N
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S A IO B IR A SR

MINHLZS, T4 Coa WAFKE] Cos/ g, 1y LA T (KZ) 0.06pF).

3.2.3 By NPT Zout:
FAl NPT R YE, A

(YR, +5sCy + scgd) ~SCyV, =0 .59
_SCgSVg + (SCgs + SCds + ]/rds )Vout gm ( out) + iout
i H BT
V., 1+ R, (ng +Cy)s
Lyy=7"= . . ; ; )
ot (G +11ge) + [(1+ R./rs)Coe +C + R, (0 + J/rdS)ng}s +RC%
1+R,(Cyy +Cye)s (3.90)
o+ r C ' 2
:I/ *©1 (1+ ] L+ Cas +RCy IS RC s
ds gm+]7/rds gm+]7/rds +]7/rds
fE g, > 180 r, > Vg, BIEAT, Hi BT LA el
Vv 1 1+ R, C +C
ot =%”‘=g— ~C (c .)s G (3.91)
A R (1+ .SJQ —% 4+RC,, |s+—=C?’s?
rds gm gm gm
KMTHREBAT e, BAN = 1 . B AR
2TR, (Cyy +Cy, )
Om4
(mS)
10
1
f
0.1 L—p
Hz
Zo| 4 (Hz)
10 kQ
1k
100
10
1 ] ] ] ] ] ] ];
10K 1M 16 (Hg)

3-14 UL gm AAZE Zour I Z AR 5 EIABERF B (A S AR EE 20D
S S BE TR B R A B R Ry B 0 B 3-14 . &, =f,, T LIS ]
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g, :R;C B 8155 3 (A0 — RV 7ELES AT R RN TR, 9

T ERH VAR BE RS, At BE PRIV . FATRE gm HHEFURIEM R, LI
DRI dh R 1) i B L T ARG K gm BURECRL . (EL RIS R B 1 U0 2R gm>gmu,
2 B HT RN BE AR T vy 1y 19 K PR A, 35 HURRSRALL, T TR e ARt — 2P AR I
LBt

4 ZOUt
+ Vgs - _RS
“Vour L/
Vm GS 1/gm _/§_
C|_ Rs UmVags Fds Vs g g
TR Tr f=
(c)
K 3-15 iR BE &4 ST Zou AU THERE
F T R v 23 A i BT
R, +sC_)v,—sC v _ =0
(]/ S gS) g gs's (3.92)
~SCyVy +(SCyq +YTge Ve = U (Vg — Ve ) +i
AT LASK 4 H BH A -
Vv 1+RC s
Z,, =5 = =g 3.93
> Is (gm +]7/rds) (1+ Rs/rds)Cg S ( )
BB IR AR PR #5345 K FRBH X)), HH %A
{]/rds = (3.94)
R, /rs <1
1T AT 2 -
out _1rRES (3.95)
Oy +CyS
AR, AT
fe— T 7z A1 (3.96)
21TRSCgS 0,
BEESEE S, BB, W] DL 2 —A R/ g FU
L i< 7z ~L(ure Ss):L_RS—CGS (3.97)
2R .C,, 2mC,, O ’ O
AR S, M IR, AR A E R
g RC,S
fo_Sm 7 o sTes” (3.98)

2amC,, " C,s  °

gs
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3.3 JEMHBOR AR

SO Fi AT Oy BB R WA BELATE A0 s FELG A e i) 22 i RE 0, Sl A\ BELBTL S D L LA
Ky T AR S A B DUTRAS, St BHPTR =, i ai 290y 1. WilEpos,
WEMMNAZE IEZ % IS Voo, Re Ron“FRR AL, X/ME 5 RKUE Voe £ .
NAER S, o AR, A PR e H RPN R URSEEZAT IR B RIR It WE,
RN N Cuo

Vpp Vb
Vee RL Ve RL
B ¢ i ¢
RG __CL RG
. Vour . Vour
iN iN L
Iss Rr lss R

@ (b)

3-16 JMEECRAS (2) WAMMN (b) MM (c) Hif/ME TR K
3.3.1 {RHks

PRSI %S, WG ase 1, ROAPTA AR SRR H ) R AR e S B fH . (HE,
A% 3-16 (c) AME TSR, HH ras F1 Re 70 IR gmvgs A1 iin. 18 H
Kirchhoff 5& 8, H441 t BT fout 5 NN IR iin RTEREL, IXASEEBIIE 9 B IR 23 Ao il
H AL vou, 1E NN FBIRIIERE, RINPSIHIE 25 Ar=ARL.

il 3-16 (c) Eif/ME S5 K, W Kirchhoff & 415

Vin = (IL - Iin)RT @
Vou = _R I (2) 3.99
Vo = Vip = ~Taelgs (3) (3.99)
( gmvin) (4)
K (L) RN T Tas, FIHE s (1) ()TN (3)F5:
R, = (iL = i) Ry = o {iL = [~ (i~ 1) Ry ]} (3.100)
HULE 25 ACH
Ao = 1= {LEOnlaRs (3.101)

b, R 4T +(1+9,r)R,
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|
RL << gmrdsRT A :-_L :1

n

(3.102)

I, 9.MR
RL > gmrdsRT A = I_L = f

in L

X (3.102) 53 BEH ras+(L+gmras)RT & — MR K HFE, 24 Rie, BF
R =Ry (1+ 0,4 ) + s (3.103)
K 3-17 (a) P, ZREXER, S THrA/NT Re WHF R, HARHE L ALK
255 1. ISP AR EIEIFEE Y, RIS 2] Rie 20T, 5P AR5 R B E ELI 38 m, &2
Ric I Ar I i KMH Ruc, I JE OREFH EL.
THEL AR AARE S H FRE ras VAL ) FELUR faso  FHH ELRE 0BT P43
—igs =1L = (=9,Vin) =1L+ 9, (i, —i)R;

, _ (3.104)
= (1+ ngT)IL - ngTIin
R
i -1
b~ Rr(G:R —]) (3.105)
Iin RL + rds + (1+ gmrds)RT
RL < gmrdsRT II‘;S = I?_L
"o (3.106)

i
RL > gmrdsRT Id_s = ngT

n

FEWE] 3-17 (a) i) HAH S 2 o X I A 2R, X TR Re, 2 K B R ras,
X2 gmvgs HURIEIR BERT, EFT AL iin K1§ 2 o XA T RTFS RIS FFHAT
SN AP

R R B, BT

v.=(, —i )R (3.107)
in L in T
JIt A
o Vin _ (RL + rds)RT =R, || M (3.108)
B T S i A (R Ny 14 Omlas
1
RL < rds Rin } a
rds < RL < gmrdsRT Rin = RL (3109)
gmrds

R, > 0g,fssRr Ri, =R,
AU, BB, A BRTTN Lgm. (H2, TR, A
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BHETHE N, Jf H 2 Ri=Ric i, B ABESTAT PUA R Rr XA K. WXAE X EJF, MOS &
AL R T —ANTERAF AP, LA T BTSN AR IR ) it BELL TR 22 1
REWE, LERRZMPCR, I a] DUE G 2RIt . o Ho A A BH ST
/N CRD /gm), HHALE RUBUN . AUNAE — S8 50 BORAS ARG I AEIB S BOR A5
KA BT, RAAWETE, Frel ROATEUR K.

Pl R B AT B ME— R 2 HHBEPT Route 1X —ANPHPTR S B Re A1 MR i
AREEEIFE. EECAgarFl, B Re, Sl EETEIEEZ Ar.

Y, R i 1+g.r, )R
—_out _ _ "LL _ _ m_ds T
A= T RLR +r,.+(1+g.r,)R (3.110)
in in L ds gm ds T
RL < gmrdsRB |AR| = RL
(3.111)
RL > gmrdsRB |A?| = gmrdsRB = RLc
A
lOMQ = AryRinyRout
Ric
A
R IME Vg,
_out _ =R
v, A ¢
mR
100f " 0amp-=T
Ids/lin
10+ 10K
V.
i i R|n = i
IL/Iin 1K lin
L / 1/gm r Ric=0mrasRr
ds
0.1 (RN, 100 N A B
1K 10K 100K 1M 10M 100M f 1K 10K 100K 1M 1oM 100M f

(a) (b)
Kl 3-17 HEMEBCRAS (a) g (b) HLPH/KF
3.3.2 BARrE
e 3-18 (a) , IAEEH A AR DAEIEAEN, KEFHRIN D= R
. CIHAESME, FILENERE D 2 i 2RI A i
A RLEE I E— AR B AME A R Re 28/ O TR B sk e, e
A=K Re REMU/N . IH Re=0, HIFH Coa M7E CL b, ZHLC, , Cgs A2 M 2] 31

A B, W& 3-18 (b). BUAE, XAZRL T —al MEZ AT —#F, HE A A
“Pr&ge. R, THREAR T, AR B A DN S RE 2 AR 5
B EH A
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B 3-18 JLMIECR AR R /ME 555 H # 1&l (@) Re#0 (b) Re=0
(1) BMFESA B
MFHRAFEC,, WRREZ IS, DO [R5 Ete 7 58 RowC - M 3-17 (b)
3T DL RO R S A2, 1k 3-19 Fras. RUBR, AR
TG ERIR R Cos BRAR o IXA R A2 AU BIESZ ), BRI
A Rin — 27 A — MR B R s o0 A i 4t 2 AR 3-18 rpfE i, A& 3-19 P
B 1 C_ Al NI AL, X AR ARG HE C IR R IR e SR RAE R

NI ES, PRIEHN Ru,

C
R, =i( Q-S] (3.112)
On\ Co

FERX— Ak, WL BEM XS XJE Cgs MC FIRMER, B, X —VulE N i

Ui

Cas I BLAIMR S AETH B . BRI A LA T SR vk R A 3-18 (o) FRAEAR AR
Cuas BRI XA HLBH A ras F1—ANHLBH X 1/gm(1+RURT). 38 BRI A5 A0
3-19 JJisR . Cas Ml Cos 1 AR SR/ IBURZE—HF o BR T1E RuuBHIE, Cas Fll Cys it
RS HR R, 3T ROIHAR K E, AT REE E .

M 3-19 F ) Z e s B AT DA R Y, X T 4R 2 80 ROEUE, AT BUAH —A4~ &
Wesio 7E Ruu PRSI I, S BP0 . BTk, BRATREIE I 4 ok 4L
KT

ILERS 3 NHASHMHRIEN, THEILMHBOCES TR AU A . T8I 5 2R i
] DAAE B e R 2 AL S R BN |

NN 1+[CIR, +Cylu /(14 Gnlus ) |5 + CIR Coel/ (1+ G,y ) S

b 0 1+as + bs?

in

(&

(3.113)

gt
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a=C RLRLC +C +(RL—I—RT)"ds RL+rds
"R +R, ® (Ro+1g)R; ®| TR +R,

‘2 (3.114)
R, +R.
AU 52 m] AR 1S
_ 1+5(C +Cy ) (1 IR, (3.115)
in n 1+as+ sz |
1+s(C, +C,)r.R;/R
Zout :Rout ( = dS) dz T/ - (3116)
1+as+bs
RL A

10MQ

M

100K
rds
10K
1K
R
100 . . N

—hYy

1K 10K 100K 1M 10M 100M 1GHz

3-19 C, . Cgs M Cus % H LI RifLE
(1) ZEBFHERA
BN EE s A1 s? () R % a A1 b AT, 23 A xS R I O P A A B R

A M2 Sps ! RR c — e \ Az, My KA
X (3115 T R H a H@%*IﬁCLRL—Lﬂémiﬁﬁﬁﬁ)ﬁﬁlEﬂ%ﬁ: % W

L+ L«

(RL+RT)I’dS R +r

+ Ry ——% FIRMN T SR 2. B2 Cas B R 4
» (R R, *| VR R PN N T U [A) H AL %% Cuas I TH Y R 2L

L Lc

C
Hﬂﬂ%ﬂj,ﬁﬂ% Ids ﬂi[] Rt j(/J\ EKEQ%JEEZ% RL /J\ﬂi Ids ﬂ] RT, %B/A EE/%?’ Cus
L ds T
HITH ) R ECEAN 1. W5 RUKT ras Ml Rr, 84 HLZE Cas B 10 1 REBGE LN ras/RTo
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TAEHLA Cas M Cos X1 N9 i I 8] KL 2 KB [F], fEA—#eE g b, TRmiat

(3.115) AJ 14 T = A
1 1

fo=oe — (3.117)
m A~ s
CL (RL ” RLc) + (Cgs +Cds)RT RLL+7RdLC
JEF MR AN
C,.+C
o LG, CetCe (3.118)
211 C®> C*(rslIR)
A DARRYE ReBIRADN, R TR fa AR TR foa FET R 138
g 1
oo ° 2m(c,.+C,) " 2mR (C, +Cy)
R,<R <R, f=——t_ f =—9n (3.119)
2R C, 21T(Cgs + Cds)
1 g
R >R f, = , f = m
LT °" 2mR_C, " 2m(C,+C,)
BT SRR B R, HX(3.114) T4 E4 15 58 :
1 1
f=—— 3.120
£o2m CLRL +Cy /9., ( )
fot G, 1 (3.121)
om Ci. CR
AT ARSE RLBIRAD, XA ZE SR R it
R <R, f=—In_ f o1
21C 2R C, (3.122)
R >R, f,= = ‘ f, = In
2R C, 2mC,,

H1(3.120)F1(3.123) 7 &1, 24 Ruu<RL<Ric I, T fa AIEH— AN A f I UFHEE,
MBI« (AT BB EIAE LM A fra Z BT, 3 204 46 R A0 00 500 0 2 (R 73
FEEM AR fa ZERCARTEE NIRRT 3 AT R fnz, I E P ILRFEAAL . FTLAE
FH 12 BB M A foa, LA-20dB/decade FIRIR T F%, SRJGBEE ANE M foz, U
JE AR

M R>Ric AT A foz KT EMRT fa, WA RFEARSE, BT DERMRIIR G
W, AR IRA 2 e B EE — N E R g, BA+20dB/decade IARFER BT, HRB R 1K
FUBTRFFFIH . BERFE N SAEE —AF A S Ru<Ri<Re B L —8, AHEE.

40



= R RO IR I R

Lit EIRVIE, 2 Rw<Ri<Ric I, S— M BN SHRN, O AL ST
RAEH mHEEE . 2 RORWG B, fa<f,, R IZ SR S0 IEH BRI, Ko
DRSS, BB R S BUN R, AR R A SRR, B8
FAEFEM A

T 3 EREE LR ) Matlab A1 Cadence {5 B 53] 1 36E. H Matlab 172
1 Cadence 1 ERHMEHEA 20, HRW LUEHRBUEAZ . FERNTRE
AT R R ST R, RN T ST 5 AR (1) Cadence i F.. F5FH AR
A i R ORI R AU 5 AVRHEE, R T — AN, R 5 MR, PR EE AT A
B H B — A2 RN R R IR

Bode Diagram

—

] el Ll L N A Ll e
g » .

10° 10 10° 10° 10"
Fee f/Hz

3-20 Matlab /i A3 2 LA RLNAZ & AR (g AR AL )
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10.0 ]
0.0 E
—10.0;
-20.0%

-30.0 4

1 (dB)

-40.0 4
-50.0 4
-60.0

-70.0 -

il

= Gain_current -
Gain_current <& 100
I Gain_current  # 1554833
B Gain_current & 25115.56
I Gain_current @ 3395107.2
Gain_current & 5309573
I Gain_curent <& 100000000

1ot 100 1 17 1P %“ 1019

freq (Hz)

4] 3-21 Cadence /i A3 FIHI LA RLNAZ & AR I8 (IS ARAL A7)

101 1

e —————————————— | 2

125.0+
100.04
75.0 -
50.0 -
)
=25.0
=
oo J Gain_v @ 309573
' ~EE GalnlY @ 1584.693
M Gain_V @& 3961072
JEE Gainv e 100000000
7] I\ Gain_V @ 25118.86
2507 Gain_v & 100
-50.0
75.0 -
T T T T T T T T T T T T |
1P 0t 102 103 1t 108 1f 107 1P 17 101 10t 101
freq (Hz)

4] 3-22 Cadence /i A3 2K LA RLNAL & Ar HIBCRF IR (IS HIAL AR 70D
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SPYT QU FBOK A IR 5 73 By

BT XUEBORKAHIHRN 73T

eSO B KT R P, R B0 2T U HOK B8 BRI o B —
AP BRI HOR 282 FARL B, 0 P 0 B Pk B A A R 8, S I B S R A e
2o BRI AR B A R A OR B (TE ST B T AR B8) e SRJE S TR SR LA
LR, g HLER o A B ARSI B S HE AT RN B I 00T o S5 R R i
r fp 7 S P R LB BT — 25 40 0
4.1 B (HRBOKES)

FLVRBEYE HEL Th o M PR R A, Rk 4 R S R T A L T, R
LR KRS 4 B ) CMOS HIRB AR o 1B A IR B A P 4-1 () s, & A
WA Vos 10 e, e — A Bl B, B in B85, 5 — AR
MR, IEERURE . BRG] (83 M

i 1
A, = ot — Gme (4.1)
Iin gml 1+ RL/rdSZ

R R BHTUIR AN, 208 gma, AT AR L SEIL LS S AT R SO & fa
tHFEPT VT MOS & RIASEFEDT rasz, T LI I3 074 T8 A KRG K H BHAT, (HRL
RAR . W AR5 E RN YT, WTRUOR A A Ei ), a3t s . al s
t, SISO SEL, R ] LS BRI 2 m PR T A e, BRILZAh, R
G ] DLSEIL LI SO S TBOK

lo Alp ngZ out

. . Il . .
N il 1 y
M, I_o_l M, iin 1/gm1|| Ids1. Cgs TVgs gmzvggdszT lds2 RS Vout

(@ (b)
K 4-1 Ty B (a) FRBRIET (D) /MBS S5 RCRBKE]

4.1.1 B
FH 15 R R AT 1S
(9my +SCqs +SCyp Voo = SCyiVoy =iy
(Gmz = SCyg Ve + [ngdz +SC,, + ﬁ)vout =0 *.2)
Hrp
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Cgs = Cgsl + CgsZ + Cdsl (43)
FIT LA s T B 75
_ 1—5@
fow A —c Ime (4.4)
Iin R
1+ o . =+ (RL I rdsZ) Cds2 +(1+gmzjcgd2 S+ ( - | rdSZ)CZSZ
gml gml gml
FEL I 2 2 A o B 2 R
f = Om (4.5)
2mC,,
B ISV
f, = c c ! (4.6)
+
Zﬂ{gdzgs + (RL || rd32)|:Cd32 + (1"‘ gmzjcgdz}}
ml gml
FEEMR A
C.+C
o L+ gml CdsZ + (1_" ngJngz
fo— (RL ” rdsz) gml (4 7)
nd 21C? '
> A )\ T N A el > ng2+Cgs i ==n N A R >
A=W R 32 AORT R0 N T N T o B 25—, i R T S TR O

ml

(&H%ﬁcm+1+%ﬁcw,Mﬁﬁ%ﬁ%Jﬁ%@@&khﬁﬂnMﬁA%ﬁ%,
g g

ml ml

SR B R X T it A g, AR/, SO Ugma BB, MR
AR, B B AR B E o B LU 2 AN, S5t A AR A RS
B, EWRRER TR TR R B AR KN, AR A eyt R ) Bk, O
HLBEE 7 28 BELIE I T 90

4.1.2 F\REHL
o 1 1_S(RL I rdsZ)(ngZ +Cd52) (4.8)
in i C C .
Imy M+(RL I Tas2 )| Cusz +| 1+ gszngz S +7(F2L I rdsz)0232
gml gml gml

W B G R, S N BT AR R L i 2 A% i pR B R
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4.1.3 HrHEBT
1-s ng2 + Cgs
Zout = rdsz gml (49)
C d2 +C s g r 2 o
1492 41, | Cyp +| 1+ 52 IC, | S+ 22C"s
gml ml ml

B BHPTI B A

= 1 (4.10)

ZH{CQ‘Q *Cos +r, {Cdsz + (1+ gmz]C dz}}
gml gml ’

T 1/gm1<< rasz, EA% s 7] LAIEALUA :

|~ ! (4.11)

omr,, {Cdsz + (1+ gm}cgdz}
gml
4.2 AR S

K 4-2 (@) Fos, SOMBORES B AT DAORIE R0y B o (0 At 2, tim] AR /RAR UL
RS, P EAEA R TAF o WS BRI, FRATIR I 1 FL A MR A o

Vp

C4 1 O

D
9
¢ ips TrRSA\/Ong 2mC,

M2 C

) Vourt 9nRs 211ng
Cgs M1=—=C_ 1 1
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