& cson TE ¥y KR

+Vece

Al % @ SRF

(a)

/|

- E1+E2

Y
Sy

RERNRERENTTENE, ARERIZEAIMITE EVec200FBE (NAEREEBEIRSAR M HEREDVeclIESEH) | BEANRBALS

Veel2, (FRRAERIMMBEEBEPRIMRENA.

FAFELLEER

EURRRIM N\ R E R EEAUEIMES,

PIRLbEER

BT

I PR ERRHUIRRIAR,

RESBEFUHIREBTFUo FFRENR, FHEREUISEH R EF KRB

BRI RE 1 ERERE, BABEMIEISSNEEHRAIRAEES, BHBERERKEUR. REIRREE, BIIRERMSEARENRE

LM T FEIEAMXE, NRE EE &M, PHEE

EJ9+Veesk-Vee, BERMIZMIIGERIFERE, XERRAILESRS.

€% Che



@ CcSDN TH %I K GGitCode InsCodeAl £iY € 240

U
Noninverting comparator o
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The crossover voltage is 0
The crossover voltage is defined as the
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u; _ Rz“f + RIUREF
=
R +R,
Urer U, = 0
We use
u u, =uy—u,=0
TUou to find the crossover voltage
R
= f = 1
4 U, = URE - __UREF
’ - R
UREF u; 2
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The crossover voltage is U’'gg.
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Basic Inverting Schmitt Ti - R
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Rl &, V.=,
2% Weuse v,=v _ to get the
crassover voltage
AWV
Ry
(a)

Since v, has two states, we get
two crossover voltages

) R, ,
Vin = ( )‘-'H

R + R,

) R\,
VL = Vi

Ry + R-
Schmitt trigger eliminates the chatter effects.

Basic Inverting Schmitt Trigger
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Noninverting

amplifier
P R

| Noninverting
amplifier

Since noninverting amplifier introduce 0 R
phase shift, the frequency selective feedback AV =1+—-2
network must introduce 0 phase shift to create 1

positive feedback condition

RCIESZIRZFEEE, NENEHREE, SREBNEXRRERR, HERE— HREMSHIIRAIREMARS, TEHIRCIEMMNLE,

1
. R/ ——
,B(jw) _X, (o) _ joC _ 1
XG0 pe ! iRyl 34 jerC-—1)
joC " joC ®RC
1
If o=—
° RC
then ,5’(;'«,':;):i

3

According to magnitude condition

PP
R

Oscillation fliequency

1
Jo= 27 RC
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Operation theory

Assume =0

uo=+Uy
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R T £ UK D,
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R,
U,
R + R, Rk TUe) R
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C charges through R c

+U,
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u (t) = uﬁm}l + [uiniﬁm' - uﬁnm‘ ] e_;

t

u,(t)=u, (oo)+[uc (0)—u, (oo):le g
=0
Set t,=0, then

N ¥
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4

=T/2 uc(245)=BU.

L
-2
BU, =U,+[-BU, -U,]e % frequency
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Lndnnel & olds ‘D Y™ "DS
N Channel exists at S: Vgs = Vrn iD controlled by VGS and VDS
on- Channel exists at D: vgp > Vry
aturation Non-Saturation _ : . 5
g U . Region or vps < vgs — Vrn iH= KH[?-(U(ES — Vrn)ups — Ubg]
egion Vd T or  Vps< Vps(sat)
where Vps 18 small vps< vpgisar)
! VL_JS(sa.t) =vgs — Vrn
) Channel exists at S: vgg > Vry Ideally Ip controlled by VGs
Saturation
Reqi no Channel at D: vgp < Vpy
2ot "t tIoTT, Or UpsiSUbsisar) | ip = Ku(vgs — Vi)
: Saturation
| e Ups 2> Vps(sat)
g (sat) Ups
Cutoff no Channel at S: vgs < Vpn ip =0
Region
I -'? .I D!I.I.

TERpZENMEEFETHNIEX. piESnBNEERFIFETRES@ER, GSENSG, DSEASD, XTFHRMANT, MSXNHS (HEEH
BRAR, EREBEANE) .

Channel & Bias ip & vgp
Non- Channel exists at S: vsg < Vrp i, controlled by vy and vgp
Channel exists at D: v;p < Vrp
Saturation or vgp< v | .
. ip SD™ "SD(sat) ip =K, [Qll’sc + Vrp)usp — L-%”]
Reglon where Vgp(sar) = Vsg + Vrp '
vgp 18 small vgp< Usp(sat)
vsp(sat)  Vsp
2 Channel exists at S: vge < Vrp Ideally Ip controlled by Ve
Saturation
: no Channel at D: vgp > Vip _ 4
Region T ip = Kp(vsG + Vrp)”
4. OT Vsp > Vsp(sat)
| Saturation
| e Channel exists at D: vgp < Vip
[ Or Vgp < Ugp(sat)
vs;(sat) ver where Vsp(sary = Vs + Vrp
Cutoff no Channel at S: vgg > Vyp ip =0
Region
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NMOS -« = o [: 3
Vs Vgs )
& o
3 S
(a) (b)
5 s
(s ] (=]
PMOS G o I |—-—DH vps G 0‘_' L ¥sp
— - i
l n l in
Q o

(k)

Al 8%

o

ic)

FRAFETRIANSINEE 5, ERERENSAER. TERIBEEFBRENNSEMpTEN T FXERITE.

)

Table 3.1
NMOS

Summary of the MOSFET current-voltage relationships

PMOS

Nonsaturation region (vps < vpg(sat))
ip = Ku[2(vgs — Vrn)vps — vhgl
Saturation region (vps > vpg(sat))

ip =K,(vgs — VTN)?‘

Transition point

Ups(sat) = vgs — Vrn

Enhancement mode

VTN >0

Depletion mode

VTN <0

Nonsaturation region (vsp < vsp(sat))
ip = Kp[2(vsG + Vrp)vsp — vip]
Saturation region (vgp > vgp(sat))

ip = Kp(vsg + Vrp)?

Transition point

vsp(sat) = vsg + Vrp

Enhancement mode

VTP <0

Depletion mode

VTP >0

IHERSEERAO T RESHSTIER, BHTRROT, SEETERNBEEEIMABLEE, XRIMESoTE, MABRSAEE, BR/IEH

HEEEINTERR. 2, HERANGLHEREN, HAEEAEEEIFERE, HtEEAaERzEE.
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‘fd
Vg " EmVes To Vs
—— | o
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= O
sg Em Vr‘s; Ty V,\-d'
+ +
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o g =2, /KHIDQ

lg = ImVgs
5 EVse
o B
6lD VGSQ
1 1 v,

— ~
Mn(VGSQ_VTN)z ’UDQ IDQ

iR, Hill, HRHCCEHIEAIBELEE. Bt BARE. BHEEEEAENEE, RIFEREREIFIR S ISR AR,

Table 4.2 Characteristics of the three MOSFET amplifier
configurations

Voltage  Current  Input Output
Configuration gain gain resistance resistance
Common source -A, > 1 — Ry Moderate to high
Source follower A, =1(<1) — Ry Low i 1 #.§E /1 5k
Common gate A, >1 Ay = Low Moderate to high
BRI, —ARFEETFLATHIN,
Table 6.2 Transformation of elements in dc and small-signal
analysis
Element I-V relationship DC model AC model
Resist I/ v R
S1StOr = —
€81810! R R
Capacitor Ic =35CV Open
— o—
Vv
Inductor I =— Short L
sL —O——
Diode Ip = f_g((‘v[’“:r -1 +V}, =Tt ra=Vr/lp
—AN—
i S
I\
Independent o . I Open
current source B =-constant C_._> —0 o=

HER AR S
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R,
VDD
R, +R,
KVL1: the drain current is:
Ip = Kn(Vgs — Vrn)?

KVL2: the drain-to-source voltage is:
Vps = Vpp — IpRp

Check if Vps > Vpg(sat) = Vg — Vipy

Ves = Ve =

S AES
+Vbop

RS
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LN 1

Common Drain
L VA= AT

FETHIKEEIRERS AR, tLilxkiEsE. NORIBIE]. BEREMS KRB,
Vbp

0 Vp

Vop=35V
W Table 3.2 NMOS NOR logic
"Rl Rp circuit response
5 0 :)'Vrj Vl(‘(,l VQ(V) V(}{\rl
Vo {io 0 0 High
wod[m  vod|m 5 0 o
| | 0 5 Low
5 5 Low

Figure 3.46 A two-input NMOS NOR logic gate
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— &
Vit
e = My Vspa
Vs -
(‘ IrEF2
o
-
é Rp=8kQ
V- V-

(a) (B)
Figure 3.49 (a) NMOS current mirror and (b) PMOS current mimor

vt=5vy

i

RS: C{'
| ] Ml j CC“ :4—
R,
- Ry =4kQ
o]
V=3V
V=5V

Vo

I

=RENKRBEE

MEHRR EBIT R ERSIRET, SRENET BTN, SREBITHEINHO, HRHER, ERHNELTR, SRENTREIES
T BRI A I L . _w*“mﬁsﬂﬂﬂ’ﬂk’“ SBINHAR. WBRIKAHIER, SIREESTFERAR, ERTI, Bt
R ES Vae(on), VeelB R BEBIEEERA NS
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relationships in the active region
npn pnp
ic = Igevse/Vr ic = Igeves/Vr
b ’If' = {;c_evss,u-'r Yain 5:_:_ " {ff”“’””
ig= :'é. — .‘:.g.el'nd"r ip= !,jé- - %el'as/vr
For both transistors
ig=ic+ig ic = Big
ir = (1+ B)ig ic =aix = (i )ie
o= T—{T} B= lj_u
Fop = %E_ i VA .
dig 1., Output resistance

VBE =const

BITHIARBAHAS M SR R FERTR.
Hybrid-r Equivalent Circuit

NPN

- i “’) IL' (!(_-:'
Upe = Ipl'y L' f
Ube Vi BVr
—amly = == ——
ip Igo Ico
I('Q
&m = W le = &mUpe B li’”"] B

®

Al R

Alternative Form of Equivalent Circuit

ic = Pip iy @) NPN ke (o)

B

"BV [
o PO Y 8 Y = 3 i
IC'Q V‘{ Ve (Vi)

EER BN, FXEBEU TE.
| |

R.I'b -—-lv: ’f) fl'.‘ |t R"‘, !b Ir
~© >©
|4 + +
ngJr To V{.e Vbe Tz ﬁ Ib g To V‘-c
: - 1 ® :
(a) (b)

THIDHTEINT.
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Figure 6.11 The small-signal equivalent circuit of the common-emitter circuit shown in
Figure 6.3. The small-signal hybrid-r model of the npn bipolar transistor is shown within the
dotted lines.

l"-u — "". e = _‘(\Qm‘.:r }Rf

i (’__)\
rx—+ H[{

0] I'n
‘Ltr':ﬂ,_:_(.‘-!mr‘,('}' (—)
Vs rr + Rp

=IRE AR LA EaE .

Table 6.3 Four equivalent two-port networks

Type Equivalent circuit
Voltage amplifier

Current amplifier

Transconductance amplifier

Transresistance amplifier

x

o

Gain property

Output voltage proportional to
input voltage

Output current proportional to
Input current

QOutput current proportional to
input voltage

Output voltage proportional (o
input current

HE HE HSICREBIKABERS. BiREE

BN, mHEEEEREIE, ROETERERTEASFIER SRR EE
Common Common Common
Emitter Base Collector
Voltage Gain large large Less than 1
Current gain large Less than 1 large
Input resistance Moderate Small large
Output resistance Moderate Large Small

KRA,
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6.7 Common Base Amplifier
1.DC Analysis

From the DC circuit, we have

] Ry

R

Vo, v —2—.V,

o R, + R,, <
i _ VBQ - VBEQ

cQ 7 TEQ T R

R.
VCEQ =Vee — ICQRc - IEQRe ke
NVCC_ICQ(Rc +Re) T

I = Iﬂ .- &

% R, R, [] % []fe.

AC Circuit *

™

(28 — i

Small signal equivalent

circuit ¢
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2.AC Analysis

@ Voltage gain

@ g
® Input Resistance

L.

InsCodeAl £i%

—i, Ty

T

' T T A+ P,

R- =

2.AC Analysis

R ||

T

=1+ﬂ

® Output Resistance

R, ~ R,

Common base is a non-inverting amplifier.

1+ 1+f

(7

It provides large voltage gain.

IR ES
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V., -V,
R e
VCEQ =Vee - ICQRc - IEQRe = Ve
I, =<
BQ =
B

2. AC Analysis
@ Voltage Gain

Small signal equivalent circuit

~Io(R.+R,)

Vo = —fc'(RC " RL)

AT

5 vr' = ihrjr B (1 + /B)I-bRe

4 Yo _PRAR)

v, r.+(+ AR,
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2. Voltage Gain R =R, | Ry, || (r, +(1+ F)R,)

Small signal equivalent circuit

» O
g in.__, Iy +
]
(4 [ Rhl RI_ [2158
+
“O
® O

2. AC Analysis

® Output resistance

If r,is not neglected

For Loopl, and Loop2, we write the
KVL equations as follows

{ i, r.+ R:)+(l'b +i)R. =0 (1) R =R, ||R;

v, —(i,—pi) r—( +i)R =0 (2) if R'>>R W,
v ‘R

then R =2t=p(1+—P S R, =R,
I rs+ R +R,

Generally R’ > r,>> R )
where R_: = Rs ” Rm ” ha

RS
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6.6 Common Collector
CC amplifier shown in Fig.1

CC amplifier also called as
Emitter follower

1.DC Analysis
Vee = Igo By + Vo + Igo R

. EQ " e
‘Since
IEQ = (1+ﬁ)IBQ
Vcc _VBEQ
then 1., = I.=8-1
"¢ R +(1+ PR, co =P Tno
VCEQ =Vee— IEQRe Ve — ICQRe

DC Circuit
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2.AC Analysis

(DSmall signal
equivalent circuit

QI = +0
H;

2.AC Analysis
@Voltage gain

the output:
v, = iy, + (i, + Pi,)R]

where RL =R /IR,
the output: v, = (i, + f-i, )R, =i,(1+ f)R,

Voltage Gain
4 _P_ BU+PHR (PR pR
C v gy, t(A+ PR . +(A+PR] - +P-R;

Generally B-R| >> . , A, is close to 1 but less than 1

<1

2RPL
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2.AC Analysis -
@lInput Resistance lﬁ:b
I’i
R =— )
i ) o
R v | |&
From the circuit, we know ~ e Q
O l‘— & I_. o
_9 . -
= e = R,|IR"; i

{ Rr:',.: L. [r"+(1_ TARL =+ (1 +BR}

R£ =Re ”RL
(4
then Ri:i_=Rb Iz +1+B)R; ]
Since B>>1, B-R[>> n p}, R =R, || f-R, Large Input
resistance

&

2.AC Analysis
@Output resistance

From the circuit
i, =1 +ﬂib +:'R_
» r
v, =i,(r,+R)
v,=i, R, where R/=R_| R,

v R + r,
then R =-—t=Re|| s

v i 1+p
R+ 7=

l+ﬂ 9ﬂ>>l,

when R >>

R +7.
Roas 5

Small output
/B resistance

=StREBIRNA

2RPL
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(b)

Figure 5.54 (a) A common-emitter circuit with an emitter resistor and voltage divider bias
circuit in the base; (b) the de circuit with a Thevenin equivalent base circuit

Thevenin equivalent:

Vry =[Ra2/(Ry + R2)]Vee Tig = Viu — Vae(on)

Rry + (1 + BIRE
Rru = Ri|IRz B(Vry — Vge(on))
Vru = lgoRry + Vaelon) + lgoRg leg =Blse = Rry + (1 4+ B)Rg

Igp =1+ Blgp
BRa] AR RIS R B,

Vi=45V

—(V~™ + VgEe (on))
Re Rl

2 Iy =Icy+ Ipy + Ip>

When Q1 and Q2 are
V= 1dentical:
Iy =Ic) + 21p;

I,

=dg = g%
_ 14 =
VvV =-5V¥ ( ﬁ

Figure 5.60 Transistor ) o biased with a
constant current source, The transistors O
and (J; form a current mirror.

+3V

Figure 5.61 A multistage transistor circuit

e kb
PRICA SRR AT LABE =AREFIAN ESLIASS, EEBIRARD BETEMEMEEIN. EREMEEU TN ERSHES

OFELMETIFRA, BHEEU0=Acd(up-un), Ac/It8EE, upSunZBIAIEFRMAGSREMARIJMHEE. @ Che
QEEEHANEHIMABEIALHIK, BEE SR, ERSREBNRNAATERIRNA.



@ CcSDN TH %I K GGitCode InsCodeAl £iY € 240

RItEELH

IBRIEIREIEELGY

R,
o =(1+=5) uy

R
U =(1+7f)-ul

FRIEIRRERS
FBEIRMBRE P LA REBL NSRBI -RI— M, IERESKirREs, GEVE R R ATRISSREEE, IR ERN TR,
(3=
R L
U i
R A »—!? A '_:?
o—10—1+ @ O+ 0
u, Ul u,
Ug =Uy =Up =Y
=R ESIREHELLE

RN=tREED.

R E eI AL
DTN EER

RRABLLH)

IEhSEIR AL G
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o

I N=i P=0 ’ -
HN=M|;=0— e J_\}fr_“i'”_'l.” R

u, O-u, R
:> ! — :> I"():—"Ef‘.z’;

R R

TR RISRIEDR T

MR EEREFIA R EEBLLIK, WHRBERIRARK, IERERARIERS, AR AT R SRMESSuE,

Rj M R4

G iy =i O~Un _ U
R, R
R,
= |ty =—— U,
5 i Uy
it
Z5rM: iy +i, =i, R,
o . Uy,
=) U, =uy —(,+5)R, b “T R
R,+R R, // R
Ug =——21—=(1+-2 1)-u,
Rl R3
SR ESCHRELLG
W=tREEBS.
1R B EE SCH R AR L)
TIHRE R .

R

An = '_’_""r—
TR

Al 8%

)

SRF
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1 pu
U, =—U. =—— | —dt
Iy = —U ("'[R
1
u0=—F u,dt
=——| udt +u,(t
0 RC I ! oll))

TFEARREPROEREN, BRHEERSENEEIFEENERIN, EE5RRHEEEX.

KYERY, ER / POV

L]

iy

. -, | \/\,
N . | Al

N2 o N
| N/ N/ nisinige Mot

ROBIREERIZGRINRRIRRE, WHRRSAEEI=AR, NIEZRRD AISEIRAFRAIEZR. EEPRENIIEREERORIS
SEHIAY.

(4
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u I
——

n )
e Uy,

JE Hhy
i =i, =
R ™% ™
dt
. du
uo _—“—IRR = -RCFL
4
ERSEIEEL, MOBRISHEESBERNNEERT, LIrEHMETEE T MABEE BB EESR PRI,
9> ER RSP
I')fl D/:
B
0—']]!)—1
*—Eﬁ G
C
;ﬁ—”—s:H -
iy,
W |,
A HLT

AT RIREREHAEENS (EHATEMEEHANIFEMXTAEEMRENISR) MEER, (ERFRRNREER: IMA— EERHEY
. FRERMERNEEIRS, SERBANBEELIREIER, MARMIEE, EEREBENER(GFEESEBHRE).

PIDiRET5=5
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P 010 TEHEHSYJTEMIZRIIC T s M A SN /NAYr Iy 3 1y s

BT DT L) FL T 15 o FEL PR ffia HK R .

— l.
s LR g A =
“REMT” RFRL, R ('l
Uy Sl =0 ) h—
e P | N | ' z? Eq
HTRN: i =i, +] TR
R AL |
dt :
. du, R 1 du, u
u,=—Ryi, ——\ipdt=—RC —L -2y —— | (C. —L+-L)dI
' QI* U4 R QI(‘dI R
2 € Ldu, ]
=24 LY ~RC —L— u,dt
(R, (‘3) S Rl(‘_?-[ :

[|R=R, // R,/ R, // R

uy =u, =0 (HEHL)
i =4 +i,+i

0-u u u u
o =_lL+ 12 + 13

R, R R R

e . o

u >
R
I
R, R, R,
== iy —— Uy — -y

R, oy By

Al 8%

)

ASRFFBEFTEMERABAIFRIRRIRA, Hp@ABESOBRAFERISNANRESEE, AISHSBaNSSEARELAIRA

SRPO
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GERP: i+, +i, =i, :
H“ —Hp ”12 —Hp 4 H” _"P _ Ilp {
R, R, |
u | 1 | |
+LB=(—+—+—+—)u,
R, R, R R, R, R,

R, EESRAIBES AT MR ELL IR RaIZs Ik,

.l“l_1+."£) '
R R

(Ry=R, /R, // R, // R,)

(R,=R//R,)

)

SRPO

[AESRFNEBEAISAR S NRR A, [ERRNREL, NEANBERETREY, RERMNBRIEERNREA, RIBEANRE, SEANEER
&, REBLREMSESMEER, sAILSCEURE. MEIEAESINFRET AT I ELRRR, Eit, JRIRESNEERAEEHRES
BIXERINREREREENE, FRATUSIEERARENERREEMES.

RJ Rf
o= =" % R,/ R,/ Re=R;// R, // Ry
“1:0—é -
R, A '_E
1y;0——3 + °
nuo—é—o
L .
R, R U g
hwo—_—3}y——1T—3F——
R, Sl
upo—— = ] |
R A - o R;
)y — + 0 i1
R.| 'R.I
Uy r u,o—L—9
E”-* ER.,
BHIRAIETT 0k AR 0 B 2
' Uy Y " Uy ¥
u,=—R, -(F+-12) W' =R, (24 21
’ Rl Rz i . Rs R-i
!uo =u +u
u u u u
= 13 14 11 12
— Rf ( + — _ )
R, R, R, R,
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