lout = E(?v _§2 “Irgr
DU
Tty

H=atT =t
Fuall ended
™I K9 OV21500 TR ©T0 IR

ohOn TR
Vi = Vi t Vig
Vi = Vit v‘:ﬁ
Y 0 DR

AN Ssvn vunod T oI TR 957
g SN 1Y RYMY MO0 WNDD Tk A
DM -*wps rne .1

5w nmmn MED AR P AR e S
PRI TR - pan Isup

Vig = Vo1 — Yoz

Vid

Vg = Vo2 =75

Vid Pig
Apy=—=

DM ™ uor Ve

CM -nmwn 1109 2
& 9w nNEn PR ML PO RN AN Yawnh
O 19T D DT T3 T 0N Isup Y@ mphia

21, /21,
— _ vafvp
Ve = Vem — 2 -Arwn
vp1tPgp
A o —E
M >
ic

gy vkt YW AN AP TR0 P P PR
Vs = Apy o+ Acas " Vi
Vg = Apm - (_ E;,g) + Acy  Vic
SR IR NTTT O
CMRR = 20log |22
cM

,10,000 - VIaw 8 W I W CMMR

Single ended
Apy = %Aum,fuu ended
Acpy = %Acn,fuu ended
—WOR YT WD 12 MY -ITRERINENT ATIAN
7.2 R0 avm g oy Rin 2wn?

5TR K3
=t z,=2
I ¢ jwc
sy otap? Menm
M = Tz v
ol im!
pm:DS | pma:DS Drawnnn | R
p :AC :AC moa
-8R i
oawnn P Pm ]
Wadb

20409 8n HFD RgONBF R HEN0D §7

§% wann 15 B -Body Effect

1 %j

:B 70D DY TW0UTNY WY [07 ik

vy, = Vg, + ¥ (Vs +20 - V2d)
*Nph 70 ANA - VP,
oRwa o - DLy

Jop MNY BTRD
b ™ X0m
=
2.f20,+vsE
:n'uBn am

Om¥ss >9mn??bs To

G
[’—I
8,

5
a——
v, “omm T
Vout
VYin -—I
BJT mucsny
c E
B g8 —
E C
npn pop
vgg = 0.7V nrbysis KA
fp=Ic+1p
I.=f Ip
-
&= T e
B=[50,150]

Boiz=F1 =V
I = Ig p= 50wy
ATEY DT T R
npn Q‘P‘(VCEF Ic)
pnp Q-P {vECr IC)

R R
C

=2
™ s
V= 25 mY

TNV AP RN -l

num Tow-port Voltage Amplifier nz mw

s B NI DRI DUINA DPRN3 AT

Ayl Ap2 avn'memn

1. Rina % Rount
2. R > Rs
3.Rpusz — 0
BT RS

STiREOTEE SR bass nRnpY Bahe
(Ip, 75} DC -2y nmp2 s .1
Y oo WP mn-y wane: DC -nemnn 2
AC -1 Top MR 5T
:DC Py DERI TP MR 77N 3
DUERD -TNh MORR
TepNIA — 01 VTR
NMOS & PMOS =y
k= 2 Cod [ tnCoxT
I;=0
NMOS

=2
g An7uant? RN
Vs > Uy 1
vp > ¥ .2
R
Vps < Vgs — ¥r

]Dr,m = Hcox%[{vﬁs - vt)UDs - 'm,;ﬁ]
TRl
T Vps = Ves— Vi
AP TN Vps B Vs — Vr
Ingar = %ﬂﬂcﬂx%(vcs — ) =klvgs— v )

PMOS

S
1By

Vg > || wawEa R
R
Vsp < Vg — 1]
2
Ipyw = ypcox%[(vsg = h’:DVSD - ZSTD“]
SR bl
Vsp = Vsg — Ivtl
_1 W 2
Ingar = E!‘PCOJCT(VS.Q - 11’t|)
Q.P oy NTIR: ARAAR
Ip, Vps DN
vy I TEDMR TTHOTING T2Y DRI
T B RO
Depletion made transistor

[2,-11oown A~ v
SRR KD MWD

= Yy,
ID,;AT = %MCOI%(?GS - vt)zci + AvDS)
g T2 TR 0N WRNEI 2P Aoy
TEp MR
" G T TR WO DD

O = AT, :1/2 DOk TV
G = o2 = Cox v — 1) 12 TRk MW

- dvgs
e = UA/ID = 1/}UD
Tgs = ng_.,s + Tf{f_‘f
D5 ac
Tpee = %U'HCOX%{(VGS —v)? +2(Ves —
VelVes + vgs')

“Jop MK2 WIn
Vps K 2(Vas — ve)
Aman T
G D
ImVes To



Te— ©0
Vour = ~GmVss * RD
= ~Vin

A, =

Yo
';iu';t = gmRp
ROTY 2NT nn
, CE+CB mmpep
ANPA DR PR mw
vl oaen
O™SR-T23 NP DIOK
(FIR) @NpR nnn Pk

(- ) tpnmnmm mpn

n nTE

o~

Y

Y0 A3 Fomw 7o oreavn 2-Y avnn ni Yiah qwey
TP DI Y DU ORI R TN
T nnm
I R TP, 0pRa Ona o 2 wes *
SUTAT TN AN e
IDIR R HITANGN 20%03 743 PR DR ¥
STROAYITOID NYTAINT NRTRD
10T DR R¥n1 (£, 071 q¥"0) v, W2 Tph Nam
A

21en-nha Ipn DaRh T U IR
onNRh 73 B¢ PN D <1 pin -KVL
JDONT Y MID Wha

Viource' R
g = =Ko ponn vows
Req
-0 PRNn vawn
IRy
R1+¥R2

IRy
z Ry+Ro

1=

o e omaexn oven -KCL vawn
DN MR OY90D ANY howh oI
JUNEND

Thevenin Theorem=-wan vown

Rt
a
Black —@ +
=D w v

acC
Box & ®b

O3 MR MPR W ON - N9bhh vavn
£TAYD PADNn BT MFRL MR PINnY TWEN T

JJann
Nortoa Theorem ~pon vavn
Black 2
+
=>n® RN Isc
Box -
b

AWAN 1357 an pawnd WD P am awn
noban Mt owm pan vawny yoak omp
SPOOM LOURT WA MNP

TATTAIRR
Req = ZR; -
1 1 .
v = ¥ = P
Raq z R
v
1 1
— == -
Cegq X G

Ceq = L C; -9apn

fahid i st Rl ha eyl Vil na v
STTer T B e nnpn 3 ¥

LDBR AR PRI 2N MOPK PRIZ NYIAnT ¥

nvmann .7

-
Riny = R (1+ AB}
Roues = (1+AB)
-mpn
Ring = (Iiz:s
Boue

Roues = 1+48)
:Rs, R ov aghnn R as

Ry = Ry p” — Rg:m
1
Rig=—1—T17apn
Rog Rmy
Roufs 5"
£0%123% %310

op Rout .3 M7 Rin .2 7m Av .1 -nino o
o Rout 3 wp Rim .2 17 Al o 1o
wp Rout .3 ju Rin .2 %77 Gm .1 -nm7aanii 1am
Rout 3 m3Rin .27 Gm .1 -myHm qam

rF,pF o' oenn -00van o9ap
NMOS -ourms oohap
Cps 189G M
Cpa DY G2
BIT -mvims oohop
C:E5Bm
€, :C7Bm
SRR/ VTN /o n AR
Wiap = 1/1'
T=RC
W =Wsyp — 27
b vown
Fd

I
>,

7y = Kkiy

+
121

- -
ik \l/
i =
:NMOS w avatmpmn z 7
CS — Common Soutce 1 2
u ]
G Yagh e mTp 2 pa e -K
T o Z, =
Vout Vi A Ao 17 1K) 2T iy
_H=YA+K) L=Y(1+1)

TN Pawm oo L1
"' ORI DO 2 - Tt Saen nR Yaos 2
z-1k mwrn

Yin
YT N2 M My A Yo maw T e 3
JUPR YT RN 2TPan N 4
Vour = _gvaS(TDHRD) Psiaial
Vgs = Vi DT THR RS
Ay = 3:1‘ = — g (RliRs) DTN DA 83 W
in
Ny Yo e :0TC _
CD- Common Drain e T vap Y2 may awm
O PR Y Ay Fnn Savn v L1
M MpR Nk My e 5o b mang veny 2
g Tout Vi bapn mipha
R PRI 09 Pk I8P SRR Mpn pnl -ap
s Trot = Liza Tt
ol g
T A aaan B
= v /iy Ve fiy
Vour = GrVes(Tal R} W NwR B e
- y

Vgs = Vin = GmPas (a[|Rs) ST 30 S L
A o our _ _Gm0blRS 0 -ERn T e men
Y vin tgm0ulIRe) hapn WK
apiiriaila i ai -~ 930

CS- degenerated G D SISO [A/V]

. SPO[V/V]

Ry v, mTes Ta Ry Vo PISO [A/A]

s _ PIPO [V/A]
VT N MNn L2
Vin R Bawn .3
R 5 TTRAR SOPNT OORNR MR PR DY
o TPB M3 AT
inA MpR -2apna nbus
Tp = 0 i Tpn -Ta R
Vour = —HmVes * Rp W e - aphna T

Yos = Vin — GinVos * By B=f/
= Fout —  gmRn . Rp *
LA, TigmRs Rs Ra(=2>), Ra(€) en 4
T PR Rarahor Ry v
CG-Comoen Gate s D N Sagn -Aolawsn S
Aclswrn .6
A
A =17
+A4,,-B




FET- BJT xon ormoenw Sy oy 0rhm niman

FET- BJT wovmw b o ooman M A, - AR, R, 1vn 4.3

SONAN NN N A Ay Ry (R W rs= 0,4, =0, 174, >> R, R BIT mooroion navw nan

1 e

1O MTRI v

A ¥ rAl' ;Ro ,Rm

DT N2 avn
CE Voo
g Re=R,
[
VD
0 j@
Vg L ’
1L }
ce
T VCC
VG
Via i"ﬁw‘"
VEB RE ) RE
B g/cc
R.=R
o} (a ; Va
g
vJﬂ
Vee |
L

(-n- a
. . +
e ’B| T 8 i, L

1 o

Rip =1+ A g )ry, medium

R, =<0, high

Ay =—hy, high
"‘hfelBRC

Ay = TRy
(i+hpligrs hyost

R R
Sk R S high
e FE+RE

By = {1+ A )z + Rg), high
R, =rg, low

Ay =i+hy, high
Re

et Ry 2

=1, low

Ay =

>)i"ﬁ

Ri'n:rﬁ" low

R, =, high to very high
g,

A = i zale, low

1+’L'!fe

hfeiBRC
Ay = BB
(]+/’1fé)!BFE

hp 1

R
==L high
rr

Ace'f—“GM' (2 owt “z”ﬁm'Qw{

ﬂce:de; =G flo(~ -

TN

1+ 9mRe




Two-port Amplifier Models
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