DC- Pradwsis — ne%ed: ok smoll signals AC ovnolmsis—> '\J—O{\Ltt(xn. Q,ar%x (bzw com{—w\t)sityuls

_ 1.3.2 Small Signal 1.4.2 Small Signal - negleck . large signals!

1.1 Constants B C g'.l D
Elementary Charge 1.602-10°1° ¢ 2V éca‘ m

Thermal \;Ioltageg f/T = '% WZ%\ fralis my 'UBE(l) T'n 1 ZZUBE To :l) UCE ves cl; Im UGS I T iIiTo l DS
Early Voltage Va 30...100 Vv E . S

Saturation Current ¢ 10°5...10712 A )

Current Gain B 100...500 gm:I_C’j_=rn:E’_4_:r0:VA+VCE 7 i=rowi, = /2K'WID

1.2 Fundamentals Vi gm b Ic Ic * Mp L

— Flip horizontally for PMOS

e Resistor: ugr = Riy 1.3.3 Modes
e Capacitor: ic =C%, E=1cu? Here for NPN, for PNP all operators flipped. 1.4.3 Modes
e Inductor: u; :L%L' E=1LP Here for NMOS, for PMOS all operators flipped.
o Kirchhoff: ¥y, Ur =0, Ynode Ik =0 Mode Voltage Current : —
e Thevenin: Uy = Ugpen mion T g 1 63T - Mode Voltage Current
e Norton: I() = IShgrt VBE >0, VCB >0 IC = IS@W /,nu\-gmth'on'mg
Cutoff Ves <V Ip=0
LS B Saturation Vg >0, Vep <0  Ic=—Ig oS rsV|>ts<0 P KW 5
Linear, Vs <Vgs—V:  Ip=%5F2Ves—V:)Vps — Vi
Collector E Cutoff Ve <0, Vep >0 Ic=0 means fundianing ‘M°SFET€§)_ TNl 5 Vagolie I?,;,( (Vo Zt) s = Vos')
Base B RTTGSEET (Saturation) Vps >Vos—Vi Ip= %[ (Vos—V:)
' 1.5 Operating Point Analysis
Emitter ¢ ]I.?rain S Use large signal equations and Kirchhoff's laws.
npn pnp Gate__| DSS G_1 e L — short circuit
. . . tSvource D e C — open circuit
1.3.1 Large Signal < Operoding Foiv\tm:\k N e Replace small signal sources
':}';'E“s“*“' A 5 who Ik NMOS PMOS 1.6 Small Signal Equivalent
1\’}’1\’11’0:1&6”(1+ eurl,\ﬁwlka F Il signals the transistors behave almost linearly and
oy 1.4.1 Large Signal - ne%'(uk ol SMOJLS](}'\-MS‘- or small signals the transistors behave almost linearly an
v (Vg o0 small signal models can be used.
—PE 1 0 pe A0
PNP:lc =1Ise ' (1 % UKW e
[ . NMOS :Ip = — (Vs — Vi) (1+M¥ps) 1. Replace all BJTs and MOSFETs with their SSE
— _Ic o KW 20 far AmO 2. Keep all the passive elements
VM‘;;MFQJM . Ip = B (I"'oj\;' ("-_:" o 3 PMOS : Ip = _?I(VGS_Vt)Z(I — Mbs) 3. Replace constant voltage and current sources
*y = e = Lo when 520 Upc — short circuit lso \) |
+ho- positive. I =0 ©0C (in sakuration mods e cret 00 Vpp —> GNP
" Ie=(14+B)p=—Ic Al On suturedion mads) Ipc — open circuit
4. Label elements, voltages and currents
B = % oo = % MOSEET Poromekers : 5. Connect nodes with equal potential
K'. Tukvinsic transondmckante oeffitienk r-BOJdA RIT g WOEFET:
. V= Threshold vilkoog —_—
A l? ok iV\PlAks ore tmstonk —> EVU’\j s-\‘Y/\AL in Geusk S glso comstant ! WIL: Goke widkh | Unoanedd hnytl/\ (Q‘Avj{(w\l Pro?erh'es — luve SSE i
. onenk b — %0 Pnd operods o
[\Botin MOSFET ank. BIT hase. SSE & ave o id operaling poink. N Onarackoisic Lok of o tompenent ) 2o o Gl oferoling po
(dusonbes the dnomnd Lingth
A Yw: ways same ' to same @ L (Best GND to GND). ':;f“:\“*‘“:l-i‘:;;):’“wﬁd
O W mo fon,




2.1 Two-Port Network

RS lin Lout
Ug Vin D Uout l RL
Source Load
Amplifier
. — Yin — Your
Impedance Zin = i =0 Zow = o =0
P — Your . — lour
Galn AV v Tour=0 ! is Vour=0
Transconductance G, =‘2«|
Vin Wour=0
Resistance =You |
iin ligue=0
2.2 Common-Emitter/Source Amplifier
Vee Vbp
Ry,

2.3 Common-Base/Gate Amplifier

Vout

BJT (C.Collector)

MOSFET (C.Drain)

R, :rn+(1+B)RL

ngF# =~ E
~Br,
1
Av 14
gmRp,
A =1+

BJT (C.Emitter) MOSFET (C.Source)
Rin = % =rr Rin =00
Rour :‘;:_Z::ro Row =70
Ay = Ay =t =t
= —gm(7o||RL) rn:i[Rs = —gm(rol|RL)
~ —gmRL TR ~ —gmRL
A = RSRTS,”gmrn A =
= RslifrnB
R B c . R @ D
SRR | LT -8
e s

Rour = ((rz || Rs)gm + 1)ro

1

€
Tm " To

~Br,
— Your ~ Rin
Vs Rs+Rin

i tem

gmRL

Vee

Rowr = (1 +ngs)ro

Ay

_ Your ~, _8mRL

T vy 7 T4gmRs

)vBE = Vin — Vout

Rin = o0

1
Row = o

o 1
Ay = 1 T
smRp,

AI = o0

l VGS = Vin — Vout
'Rout

Vin v Vin S
ImVUBE i Ry, lvout Im VUGS E RLPO“L
o : o (o] D i O
2.5 Comparison
CE/CS (CC/CD CB/CG

Voltage Gain < —1 ~ >1

Current Gain <« —1 Moderate =~ —1

Rin High High Low

Rous High Low High

This makes CC/CD good voltage sources, while CB/CG are

good current sources.



Single transistor amplifiers have limited gain range. Milti-

3.1 BJT L. :
stage aplifiers help to spread the gain per stage.
Voo |A,(j®)| = Amplification ¢y (j@) = Phase shift
L..—1 _15_21 _ ey &SI Touwt = Ic2
out =12 N 1+% et t—o 4.2.1 Calculation of 1st Stage
b=t TR
r=1c1+1p1 +1Ip2 Isy | I ' ]
Cl 2 ‘ :
vt =1In (_> Vr-In (_) VBEL VBE2 Vin 1 Cas1 Tol ) R = o
Isi Is2 : T G Vin 1 Cas2
1 L o4 . o
3.2 MOSFET IERERNNNN — v L
Vbp
CWJKB:%:IXﬁ I i SmBL
A TbgW . l Ircf out — DSZ_ 1 1 n sichle in
> L
low =Ips2 =1Io = =3~ dref p Vo = — gmRa by = gm2R> gmBRi
2 I o 1+ sCLR> 1+sCrRy 1 +5CgsaR; "
— M]jl_ th ‘/out
Loy = Ipsi o/ & A 4 4 A
Vasi Vasz For a sinusoidal signal with angular frequency ®:
Rour = ro2
Wenn mehreve nebentinander (Cascaded) : L L Ay (jo)| gmR2 - gmiR

/14 (joCLRy)?\/1+ (joCesaR1)?

bty indivi damol. iams R= BBy ...Bn

4.1 Parasitic Capacitancies

by (](1)) =—tan"! ((DCGsle) —tan" ! ((DCLRz)

4.2.2 Calculation of 2nd Stage
Capacitive effects between the terminals may have to be 2

. . [ S
considered for frequency analysis. ' My Zrir
7 o
B ‘B Cﬂ ic c ‘ E |Ccsz : _L '
v roZE R, CL Ry Yout
vBEl I'n TC“' ImUBE To lUCE o ; T - ; 1 —|— o
o ® P ® e N ! =
BIT E N gm2Ro -
out — — T . A~ p
G Cap D 14+ sCrR»
o - || o ° 0o Vout (S) gm2R>
| I Anls) = vi(s) T T 1+sCR
vGS 1 Cas T ImVGS To l UDS ! L
o ¢ ¢ ¢ o For a sinusoidal signal with angular frequency ®
MOSFET S
. gmR>
Ava(jo)| = S22
1+ (joCLRy)

dv2(joo) = ~180° —tan™ ' (0CLRy)

4.3 Bode Plots

Amplitude Phase
Constant 20dB log|K| 0° if K>0, 180° else
Negative Pole  -20dB/dec -90° over 2 dec
Positive Pole  -20dB/dec +90° over 2 dec
Negative Zero  +20dB/dec  +90° over 2 dec
Positive Zero  +20dB/dec  -90° over 2 dec
Zero at Origin  +20dB/dec  +90°
Pole at Origin  -20dB/dec ~ -90°

For voltage and current use: 20log;o(|A(j®)])
For power use: 10log;q(|A(jo)|)

Resistor: A=const, ¢ =0°

Capacitor: A=-20dB/dec, ¢ = —90°
Inductor: A=420dB/dec, ¢ = +90°

Uvﬁ’cq (wrrenk Mirvor:

VDD Vop
I g idﬂﬂllaj .
I, (i'\p\d: turenk is t,opieo\
EL. to the owkput )

Wb Vanw=Vesz and Vpga= Vs, L=



5.1 Differential Amplifiers
5.1.1 BJT

General:
N Vie +Vie
wcm — 2

Vid = Vi+ — Vi—
Vod = Vo+ — Vo—
1
Vit = Viem * 5Via
2
Differential Mode: (viy = —v;i_ =)

Vot = — M- = Bod

Vod
Avi = — = —gmRc
Vid

Common Mode: (vii = v = viem)

For = Vp- = Vaom
Voem Rc
Viem 2Rg

Ay =

Rc Rc
Vo4 Vo—
UBE,1 ImUBE.2 UBE,2
L'icm Tr| l T‘J To l Tr Vicm
9ImVUBE,1
iE in
2ig
Re[] |

5.1.2 MOSFET

LI,

l_ﬂ)‘li.
{

<«——0
>~

Dilferentral pair. The
Aot of thur ouk puk
Vi warnks is a ew\d;'evx
o the Mbforentonl
Tnpukc voU:tuf:
|AT-: IA_I1=P[V'I+‘VI")|

L=L i Ves=Vasa and

Vbs,4 =Vpg.

|||-

Vief

Ava = —8mlo (>> _ngL)

5.2 Half Circuit Tao: G o s\f)mv\gkv'\cbl" m\hs mﬂsc
5.2.1 Common Mode |ul! o tront! 0ther Wkl buwaves
idudieathy’!

(%
T2 BE,2

Im2VBE,2 Uret =0

—VBE,2

_ &miRci _ 8&mRci
Vo+ = — 7 Vo— = T?

Vit
Vid = —5~

2

&ml = &m2=8&m> Rc1=Rc2=Rc
Vod
Ay = VL = —gmRc

1

l'icmdﬁ) Tx

JmUBE,1

F

5.4 Common-Mode Rejection Rate
5.2.2 Differential Mode
Only possible if virtual ground at the emitter.

How strong a common mode signal is attenuated compared
to a differential signal.
Avd

G = =
Avcm

—8mRc
_Rc
2Rg

In dB: CMRR = G4p =20-log G

= 2ngE



nan inverfing

5.5 Operational Amplifiers

Integrator
5.5.1 Ideal OpAmp i ¢ Vous = + Vil cmrr = A _ Vo/Via _ Ro(R3+R4) + Ra(R1 +Ry)
e No common mode gain K - 0 — L [V (1)d Acm Vo/Viem 2(RyR3 — R4R1)
e Infinite input impedance mik Richoppluny: = Vou(0) = ze Jo Vin(t)d :
e Zero output impedance 5 Ued =0 Prose -9 e ol frequansies 6.3 Input Stage Gain
e Infinite differential open loop gain : ) .
e Infinite bandwidth Diffentiator )
e Infinite CMRR Vour = Vin(5)sRC = —RC=47= Viey o R
® Vour =Ay(Viy = Vi) =Av-Vp + " .

B—

w0

3 6.1 Basic Instrumental Amp Rg + lvn
Vin Vot » Vie —11 R M
1 =t . -

© — Vi Ry
- Va=0
— Vout _
Vin =+ Vi ¢ =
How an Op Amp i+
actually looks like —é—

Input Stage: (Differential and common mode gain)

e Lowpass characteristic in TF
o Offset at ?nput and output Vep Ve, —Vs  Rs+Rs
e Load has impact on the TF Ap = Vi = Vi Vi = R
o Av(S) = You o Ao R i i i
Vi (H‘ﬂ%u)) VO_&1+R_: -+—&V' Vg, +Vp
. . . - Ry i i— A =2+ 7= 1
5.6 OpAmp Basic Circuits Ry 1+ i R3 cm,B Vi, + Vi
_
Voltage Comparator EDT =Bt Ri=R3, R» =Ry (No current through Rs,Rs,R7)
V. u! -
Vou = sign(Vin) - V, = R R . . .
ou = Sign(Vin) - Vee Vo=G-Viy —G-Vii, G= 174 = R_2 Total: (Differential and common mode gain)
3 1
6.2 Buffered Instrumental Amp Ay = Vo _Ap (Ra(Rs+Rs) Ry
Voltage Follower . V; 2 \R3(R1+Ry) R3
Vour = Vi Vini =+ A —A R; (R3 —|—R4) Ry
= _ cm — Acem,B R3(R] +R2) R3
!/
Inverting CMMR = Ay =Ap Ad
Vout = _11% . Vin Acm Acm

— CMRR increased by factor Ag due to an input stage!

Non-Inverting
Vour = (1 + %) Vin

Ry(R3 +R R Via { R2(R3+R R
VO:Vicm(M_;t) zd(MJr_ét)

R3(R1+Ry) R; 2 \R3(R +Ry) ' Rs




7.1 Transimpedance Amplifier

Vin= 0, Zip=~0, Zouu=0

—R¢lin

%

l_

Frequency Response |
Zs = (Rsl[(Cs+Cin))

_ R
Zi(s)= THAy (s) At s

— Vin+AVVin Tin
Iy Ry . ?
ZT’ = —Av(S)Zl =~ [_—( N
0
Frequency Response Il
Zn =(Zs||Z1)

\%
ZT — Iout
in

‘—&
=
H

i—{—1
N
(o

I~

1¢Z,
If — Lin Z'; in — QS
Z\Zs

Vour =—Av(s)Zily = —755

Zr(s)= ~(Rpl1Zs) 00

v (5)din

Loop Gain Ar(s) =Ay(s )Rf+zs

Feedback factor  B(s) = g2

—(R[|Zs)Lin
Fan

& Av(s) Vout

4 Loop Gain Ar(s) = :1\'(5)%\'2—5 i

Ri+Zs
— Higher transimpedance gain results in lower bandwidth

Non-linear circuit with output voltage proportional to the
logarithm /exponential of the input voltage.

7.2 Linear Voltage Regulator

7.3.2 Anti-logarithmic Amplifier
Non-inverting topology

Inverting topology

‘/i” < O Iin
V

ZBE —Yin
Ic = Ise T = Ise Vr

Vin Von t
Vin

Vour = IcRy = IsRje '

e
v

L 1 L
Ig
Rri,Rpy >R = I =~ —
e 8 Filtes
Rpi / Rp -
Vour = (1 Vier, Ay=Ag—" TF: Transfer Function
o ( +RF2> ! O O Re1 + Rp>

AR: Amplitude Response |T(jo)] = |“‘/,9((’.'$))||
7.2.1 Small Signal Equivalent Ivj( )
PR: Phase Response LT (jo) =235

8.1 Damping factor

c% |i] )UBE D)vne |i| J_-

Rr1 C — O)PO + wPS
- [0) ‘ o 2, /Ao®p, W ps
Av(s) = A firs I_(Y QR @L foue e Overdamped: { > 1,0 < %

— solutions of characteristic equation: p;» € R, <0
e Critically damped: { =1,0= >

— identical solutions: p; = py = —®,
e Underdamped: 0<{ < 1,0 > %

— complex conjugates: pj» = —{ o, £ jw,/1—(?

- Vout 1 1+(1)_P0

o 8o (14 o ) (1452

7.3 Logarithmic Amplifiers

8.2 Standard Transfer Function

N(s)

H(s)= 57— ——
gt

7.3.1 Logarithmic Amplifier

w0 N(s) = k: lowpass filter with DC-Gain: k
Vin >0 f/ N(s) = ks—z2 highpass filter with high frequency gain k
Iy = ‘1;_ — = Ise‘(?f —Ie’ Lni B = Vo N(s) = kg, : bandpass filter with max gain k
1 . v . ‘[Veut N(s) =k (1 - 7): notch filter with gain k
Vour = —=Vr-In (Il_:> =-Vr % 1 JT—

Resanance: ( may sppear in Syskems with two or more poles),

4. Yor Stobilly | need 520
KioZ Wn .. N‘t“fﬂl M“W‘a Bsp 2L Forg24 ;Ek,s real Coverdamped system)
692 g C.dompingrakio © [L o 4 3Torged poles read L equel Cutical. dompin )
34 2C00pS +ly X. %m" "" Zﬁ;\ 4. For 0€5<4 poles u;mplu(unler dmrd
L'F' Bl Kwp K""E 5. For T=0 poles imogin undamped ¢ \-ewD
2qUanuy Tesy ) WA= WA+ (2T wnw) b. For T2 VAZ ma HLedc plot dw-e_nm nw
T K o q.For 0£ G T itude bode plot has a max. ak
e e (2gug’| ! Lol -ardan TE25) wetmyft2g” end (Gl Zores

42



8.3 First Order Passive Filters
8.3.1 Low-Pass Filter

Vi
TF: T(s) =3 = l+iRC

. W)l _ 1
AR: Wlo)l = Jiercr
PR: 4% = —arctan(®RC)

8.3.2 High-Pass Filter

TF: T(s) = VV(,) = e m
. V(o) _ _ erC
AR: Vi(jo)l ™ /1+(wRC)? lV, R l‘/o
PR: /{28) = 90— tan~! (0RC)
8.4 Second Order Passive Filters
8.4.1 General

1 R R
TF: T(s) = 52—
T T
D(s) = s> s fon
( ) + + 0 2"-Order Low-pass Passive RC Fllter

8.4.2 Low-Pass Filter

1

L R
TF: T(s) = ST o
+7 S+T
K(DO l" T(‘ l‘:.
52+Q s+of °

8.4.3 High-Pass Filter
TF: T(s) = 55X

219 o1 2
s +QOA+(1)0

8.4.4 Band-Pass Filter

. ‘L L ¢
TF: T(s) = Tk
_ xKQO Jv. R lvo
s2+Q0s+m§
4, 4,
Switched Copacitors: V ﬁ § IIt %{Vl

b Vwrgenen:
0
®
®

AWean & shent® . * kg tiroak in Stage 4, |

‘h"‘k_ Lt

8.4.5 Comparison with First Order Passive Filter

Passive Filters Active Filters

3 passive elements, pole deter-
mined by elements in feedback

2 passive elements that

determine pole
Fixed gain of 1 Variable pass band gain
No power consumption OmAmp consumes power

Real filter transfer function de-
pendent on gain

Real filter transfer func-
tion close to ideal

8.5 First Order Active Filters
8.5.1 Low-Pass Filter

. _ _R 1
TF: T( ) - _R_2 1+SR2C

;
AR: [T(jo)| = & /emer -
Vo
PR: /T (jo) = 180 —tan~ ! (®RC) Jl_
8.5.2 High-Pass Filter
. _ RC
TF: T(s) = % _lisRic
R2 ORCy
AR ‘T(](D)| l+((1)RC1)2 ; A _o"
PR: /T (jo) = —90—tan’leC1 L L i

9 Switched Capacitor Filters s dy,«L

Resistors take up too much space, so replace them by swit-
ched capacitors.

9.1 Equivalent Resistor

We transfer charge AQ from potential V| to V, at a fixed rate

_ 1
fom i
closed | m—= ——n
BN 1 2 (2 I
l’ /@\ ARV 0|m
open I 1 Vl ‘/2

e VIS .I. c

+

b!_ m wha
AQ=C(Vi—V,) &V 31*; pretie
! AQ R T. 1 it tao
2.avg — 4 eq =
c c~ fC

9.2 Inverting Integrator

_CZ Vout CZ Vout

Initial condition:

Vour =0
len

Cl Vin _CIVin
@

Phase 1: ¢; on charge accumulates on Cy and ¢y
0= m(n_ 1)
Q = _CZ out( 1)
Phase 2: ¢, on Cj is discharged
01=0
Q = 7C2 out( 705)
CoVour (}’l) =CVour (n - 05)
CVour (l’l) =CoVour (}’l - 1) - C1Viy, (I’L)
_ G 1
h C1—z1
Vom4
time time
— Seems continuous for small T,
C nT.
Vout (nTc) = - chz,z Vin(l‘) dt

9.3 Non-Inverting Integrator

_Qi.

+

1

l‘i,m

duk tlo Whale mh‘.Same circuit as before, but change of switching circuit

— charge on G is inverted



Phase 1: ¢, on Cj is charged to Vj,
01 =CyVig(n—1)
02 =Cy Vou(n—1)
Phase 2: ¢, on Charge is transferred to C;

01=0
0> =Cp - Vyu(n—10.5)

CoVour (I’l) =G Vou (n - 05)
CoVour (1) = CoVoue(n — 1) + C1Vip(n—1)

Vour _ g Zil
Vin Cyl—z7!

9.4 Procedure

1. Select a polarity for each capacitor
2. Draw circuit diagrams for each phase

3. Determine charge of each capacitor during each phase

(Qk =CiVi)

4. ldentify nodes where charge conservation can be applied
5. Derive charge equations at phase transitions using polarity

of the phase to come
6. Z-Transform for transfer function

9.5 Z-Transform
Definition: Z{x[nT,]} =X (z) = ¥ . x[kT.]z ¥
Time Delay: Z{x[(n —k)T.]} =z *X(2)

Integration: 1_7;21

. . -
Differentiation: 1=
:

. . . Toyp sz
e Mapping to jm-axis: 7 = e/?Tc = ¢/ 7

e Mapping to s-axis: s = %,or 1—2_1 =sTc (egu;valenl—)
9.6 Transient Response S ] O R
Capacitor:

_Itg
uc = uc(t — ) — [uc(t — ) —uc(t =1tg)]e”

ic= %[uc(t — 00) — uc(l = lo)]e_R_g)

Inductor: .
u, = R[ir(t = oo) — i (t = t9)] e~ L")
ip = ip(t = o00) —[ir(t = o) —ip(t = ,0)](%(140)

10.1 Passive Elements

[R] Seriell: Ry = ¥ Ry
1 I;l:ll .
[R] Parallel: Rgex:k):zl Re Ggex:kgl Gy
iell: L — v L
[C] Seriell: Con —kgl o
n
[C] Parallel: Coos = ¥ Gk
k=1
n
[L] Seriell: L= Y L
1 ) 1
[L] Parallel: T :k);l I

10.2 Dividers

O °-

| |
A

1

~

I
A

L

L_ R __G

U _ R

U ~— RI+R I = Ri+Ry = Gi+G;
U _ R L _ R _G

U R L R T G

10.3 Superposition Principle
e Only look at one voltage/current source at a time
e Set all other sources to 0
Current source — open circuit
Voltage source — short circuit
e Add the contributions
10.4 Miscellaneaous

e Gain: Voltage: Ajp =20log(A),
Power: Factor 10 instead of 20
¢ Gain Bandwidth Product: GBP = w,-A(jo =0)
— Trade-off between DC-gain and cutoff frequency
e Simplification: Often g, > %, gm > #

Aapprox—A;
e Error: E = |=22 el | 100%
ldeai

A = 104a5/20

Dnu_pths @A\Mr:

Some Ausdruch Lle: A )=

Ra

1
B/ 1R

"4

We

W * tuko @Q {nqu\u\
= Fo\t {‘m;uencn

K



Zusat2
Tdeok Volkowe Source  Tdeal (urrenk Source

(‘) Rin—20 gﬁ:‘n—)@

ék-ﬂ «: LL  R20KS

Resistances:
OO D Ry = IR
R.R.

<A ) -
OB T, e Ew ek Retgiy

# Ra&R,: R IR, & Ry

Copaitonces:
1 @be — kein Strom Qiesst durda! ie=C '::_c

T LI
@P‘c_,ZC-‘]NC Tsc

Cw — open@Dc, Short @AC

4 1 IET L ase
o~ - - *%‘Z{‘c‘r oJI1°T C,es-ZC-

Impedances: Z=Jul , ws L'%’%
Vu\kgge divider: Currenk divider:

Vo

_ R _ Ra
o Ra lVf' VE Rt RL Iﬂ g}. IA" Iem-
gh

Transconducronce of the Growst: q;:-;ki.\—-

Vin
Tronscondmikonte of the tronsistor: 9w
+ -y Nouk
Tronsimpedance of the tircwit: o
e o
Oukput Resistonce: 7o =rar  Valénge quin: ‘:‘“"

Tmpuk Resistance:

“Operah'n.a poink” meons: bestimme vlkoses | turrenks s.b-
Componenk i in op!mi‘;n’ (£ ackivedmode !
—"sakuradzon for MOSFET, " atkive for BIT!
geaghen @B Voot )dis erfilli

T Mugtens eng Grosse
SUN Mss -

\Jol{a?‘z goan = Ay= q:;’T':“*

Resanance: ( may oppear in Syskems with twa or more pales).

T Wn . Nakurok fregu Bsp: L33
Gf9=zx—w"1 G- dompingrakio * [ . d_
e T e
W)= L -—Tc
 frequney resporse: U= o e

TR " S
= |(Gtjw) = LK .
ittt (gt

4. Tor Stabikhy | nesd 520
2.For 24 poles veal (overdamped system)
3.Tor 5= poles real L equad (uibicad domping)
For 0¢5< 4 pales complen (under—damped SHI{-:-J
For T=0 poles imaainar (undmn\;erl Sustem)
.For T2z th‘aub ode plof decreasing in w
< 5L YT magnitude bode plot has & max. ak
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Resolukion: The smalest incremenk of measurement | movemenk

or other oukpuk thok o mashine, instrumenk |or component
is copable m\u‘m“.

2-port replatemenk of on. ampliier:

Vop
Bsp: Rs
T T
Vs
-:T: Rue s) Vineas=Vout
- L}
1 - L 1
= Bin_ Mk )
1) Colustoke Rin P Rouk = Toue | g in SSE.
2) 2-port replacement:
Rs 2-Port Rout
. o o ¢ Nmen:
2 ‘\’mL !]RI'\ A“ln meas ) Q:*S
Freguonk ossumptions: Zehnerpotenzen:
fo>>R. m 03]k (0}
ﬁmro»ﬂ M 6 [m ot
9 |6 10°
Ro>ry oo -{-l (qu.
1 10
T- & 9m v e
o 9 P 0% | 0¥

Bles & a transbr fundion :
DQY" wo IM= Re im Nenner. (Qﬂur !A‘m{,ldl\ dort wo Nenner O
wrd, uak S u'm{xuk mk w usekzen)

Poles angrbon als W , Brequancies* angtben dls L.

Grem{’ngrma 2 Eddreguane= Cukofp %—quu\ua Alun=rdfe
Tmpedany Pdmittanz:
= -4 =4 . =
g“\')uc' sC L'a‘fc
ZL =\']uL= NS 1= -4: =

- Qrra,

4{[‘5&4
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—
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(ommon & = no inpuk /owkpuk connecked o o.
BIT: (ommon Emitter (ommon Base  Common Collectar
Vee Vee Vee

Vin

Vout Vouk

- Vin

MOSEETS: Common Gote  (ommon Source  Common Drain

A Trompu @md:ow. AD=... = l\i%{/\asf order s™ w.0. coeff.!

Titter 2. ordnung : LC-Hotnpass / Tiepass

Pha&:r\vmd\izbuna
Eesnnnnafr_v—gmq J(’..= z,‘r‘:ﬁ.f ( Wier Ee(g,‘+gz)=o, \ﬂ:ﬁg’)w

<> denominekor o} Ahe transfer Pk s in the form s‘+s—':.—" +wl
Gite
(quakihy)

Strom Miesst nur, wean NW geschlossen st!

N\mﬁis it Jovowrable to have o kigh CMRR {z:r o differodia). Giruwk:
In dafferential cirauiks, the signak of interest thak ons wads o

have amplfied is symmebic, Le. vi=-Vi_. Unwonked /parasitic
signals wuoliy affect both Viy and Vie eguolly ank with the same
poloity, Consequenkly they appeor as common m‘iz signols ok the
input o} the amplfier. Therefore, common mode 5 wast be
umP\LP‘\d with the smallest gasn or the Wighest CMRR possible.
Supply or ground. visiakions ar interferente toupling from the masis
ore examples &) wnsonked tommon mode :\aﬁw\h

Copacitor:
The wikome Whan drorging 0 capasidor with o Witase source and.
o mis{-:?[s*ep respoxzﬁut o A.order Swﬂshm}isrw
_t
A= V1- ) | ke ebebdioe ¢
Lb 4G atheden
e o
Ref?, Romden
Wammen von C.

(=1 4213

l&-t)

Gpnaaner: '6'&)= 'eali'-' o) — [ [t 0) -ﬂ,_l.tit'ie—
ok il =F[oltam)-vlt=t)e R

Ry
Taduliiitid aw=Rilere) - 5 Le=t) gttt
0= d s ) =[5 (bm)- 4 (b=t €T

Laplace

Loplace Transfurm  properties

1) Umnr'\h): Liad 6+ (3q(03= ok PR+ BA (g W) = wFlS)+pats)
2)s-swift: Lfe"‘*{! W= Flsva) s

3)Time derivakive: Li{;em% sFs) - o), Li§;1¢L+ﬂ=s*Fm-se}er)
4) Convolukion: Li(Exg)wi= Flsk A1) and LEFrqmwl =(F*&)te)

Some important Laplace Transforms:

S sinlut) e
His) o— ¥ St
e sy ;L_A toslut) ™ e

When e v\cﬂ&etk whok

5 When . = 8ok =
Whe. cmlu..).s.hmd Vouk ok , 8k 4;,=0
R iy iout
vs @Lvm D voud&= [] By
Source Load
Amplifier

Input Impedance

Zin = R

With Vu: = 0 L ’ i:l > =L}
Output Impedance: Z,, = 2, L
with v = 0 o - D E
Voltage Gain: Ay = ”Z“, - ASsume no load g [> ﬂn
Current Gain: 4; = ":—“‘ Bouk

. _ 5 — Vo E . om0
with Ry, =0 ﬁs_.m @zl >

* General linear two-port network

* The (linear) relationship among iy, vy, i, v,
can always be expressed in terms of 4
parameters but they can take different forms

Two-port
Network

[B—

[E (ij [Z:] = [Zi 22] [i;] Impedance
L_:@ )j [2] = [1};; 22] [11;:] Admittance
Fo 6]l [l=la wolln]  wens
Einheiten: Spannungsguelle off = €

W=y ([LD=n Stromguelle o =>LL

M=a  [p): Qm “Keine Spannung® F KS i.0.1 (dh heisst

vicht dass Stram enfodn 30 durdaflissen

(R [rd=Sm® | e @ gt heist okt Shom st
(Q)=F (Virtueler (5 —~>nar wean kein SMFlMss !>




Bode-Diagramm

Gezeichnet wird von kleinen zu grossen Frequenzen, d.h. links nach rechts / Darstellung in dB-Skala — F(w)[dB] = 20log,,(F(w))

1.

6.

. Startfrequenz w; nach links:

Faktorisieren der Funktion: F,(jw) = Ko (jw)” \El(jw) £ (j‘:? i (jw)l A Groenz frequena = Echfreguenz 2 Cukodf - frequency (alk samet)

£.CS (jw)
! & Hmplf\hdex\p\o{: w'[oﬂm(\é\(juﬂn

Teilsysteme Fj(jw) in Standardform
Fi(jw) =1+ jwTy 5 Steigung +20dB/Dekade Phase +90°
Fi(jw) = H—Jnj—lpl Steigung -20dB/Dekade Phase -90°
Fi(jw) =1+ 2diTh i (jw) + (jw)2T3‘i Steigung +40dB/Dekade Phase +180°
Bedingung: d; < 1, sonst Polynom mit 2 reellen Nullstellen
F;(jw) = L Steigung -40dB/Dekade Phase -180°

142d; Ty ; (jw) +(jw)2 T2 ; ; .
Bedingung: d; < 1, sonst Polynom mit 2 reellen Polstellen

. Teilsysteme nach aufsteigenden Eckfrequenzen w; = 1/7,,; bzaw. w; = 1/T,,, sortieren (w1 = kleinste Eckfrequenz)

Amplitudengang (doppellogarithmische Darstellung)

Startpunkt: w1 / Fyp(w1) = 20log, (| Ko Fge,(0)] - w)

Startpunkt nach links: Gerade mit Steigung r-204B/Dekade (Fiir » = (0 waagerechte Gerade)

Startpunkt nach rechts: Geradensegmente von einer Eckfrequenz bis zur nichst héheren Eckfrequenz. Bei jeder Eckfrequenz w; dndert
Amplitudengang Steigung je nach Teilsystem, das zur Eckfrequenz gehort (s.o.).

Mehrfache Pol-/Nullstellen: Steigungsinderung mehrfach nehmen. > lmmer 2ur jtkigen Stéigung dazuaddieren]

Annidherung: Ecken bei Eckfrequenz noch um + 3dB bzw. Vielfachen davon bei mehrfachen Pol-/Nullstellen abrunden (4n-3dB bei
konvexem / -n-3dB bei konkavem Verlauf). Dies gilt nur fiir konjugiert komplexe Pole mit Dampfung d; > 1/2.

Falls d; < 1/2: - Resonanziiberh6hung bei w; um —201log,,(2d;)dB oberhalb Geradenniherung
- Amplitude: |F(jw;)| = ﬁ
- Resonanzkreisfrequenz w, = w;y/1 — 2d? = Punkt um —20log,(2d;/1 — d?)dB oberhalb Geradenniherung

Phasengang (logarithmische z-Achse)

r. ° 1 - #*
2(0) = {r 90 falls KoF,.(0) >0

—180° 4+ r - 90° falls KoFJ.s(0) <0
e Tie?vmw

Startpunkt nach rechts: Phase dndert sich bei jeder Eckfrequenz w; je nach Teilsystem (s.o.).

a
9. Anniherung: Glieder 1. Ordnung — Phasenverlauf mit £45° /Dekade zwischen 0.1w; und 10w; F\
Konjugiert komplexe Pole: Phasenidnderung bei Eckfrequenz um so steiler, je kleiner d; 5
u

Phasengang fiir Teilsystem F}(jw) ist punktsymmetrisch zu dazugehérigen Eckfrequenz w;.

10. w — oo: Phase pges strebt gegen (m —n) - 90° (n Grad Nenner- & m Grad Zihlerpolynom). \)ro:tv:fg’m\i
Bei Filrer (baw. Glieder) 4. Ord\mg : &:&w (Wi ‘*_(;: 0 Mj;;) A'_Az::) m_lz::: )
m&ﬂm: Differntistor : 90° o 48 2048 A\ potes of_TruMguew»dfnm Dort wo Im=Re im Denominakor. (0dir eifads
L | Re ( den.van G| = [T Cden.von GEsDL Negodive Pele &3 | © ~gp o E dort woldenl=0 | it s=jw (S pk W “ersekzen®)
> Phasenverschicouns < 4A* Positve Pde s | o o 0 -20d8
L a““}’"&“’“?“"“‘*’é‘ﬂ"ﬂ““‘:swl‘*"“ N.,._t;ua;. Gsro)| © [y 0 ik |
© da 2008-loy, [#5) = ~348  also caled ~2dB- Eckfrequent! | et (o] © i d ° b

Tirst order high pass transfer fundkion:

First order Jow pase tramsfer funclion:

Uhen aslek nada Poles: angeber ala W

S‘\MEHPH:'.\@ SSE:

@- sa e Y A
s WG R
Pas:hmig»\

1
Sy

{mdp

g L ) eﬁ’;:

= I
Vog = Vrln (IS) can be i
assumed constant: i, ~ =
e
Re
Vo= =5y
o= “opg Ui
Re
Sl = =
S S 9RE
Same result as obtained

from small signal equivalent

Dilerentinl mode
with Aid= B - A1_ | Wl= Mgy Vo

Common mode =

Vit Vot T40-
Biom= 2 =



