
1 Basics
1.1 Constants

Elementary Charge q 1.602 ·10−19 C

Thermal Voltage VT = kT
q 26 mV

Early Voltage VA 30 . . .100 V

Saturation Current IC 10−15 . . .10−12 A

Current Gain β 100 . . .500

1.2 Fundamentals

• Resistor: uR = RiR
• Capacitor: iC =C duc

dt , E = 1
2CU2

• Inductor: uL = L diL
dt , E = 1

2 LI2

• Kirchhoff: ∑Mesh Uk = 0, ∑Node Ik = 0
• Thevenin: U0 =UOpen
• Norton: I0 = IShort

1.3 BJT

1.3.1 Large Signal

NPN : IC = ISe
VBE
VT

!
1+

VCE

VA

"

PNP : IC = ISe−
VBE
VT

!
1− VCE

VA

"

IB =
IC
β

IE = (1+β )IB =
1
α

IC

β =
α

1−α
⇔ α =

β
1+β

1.3.2 Small Signal

gm =
IC
VT

, rπ =
β
gm

, rO =
VA +VCE

IC
≈ VA

IC

1.3.3 Modes

Here for NPN, for PNP all operators flipped.

Mode Voltage Current

Active VBE > 0, VCB > 0 IC = ISe
VBE
VT

Saturation VBE > 0, VCB ≤ 0 IC =−IS

Cutoff VBE ≤ 0, VCB > 0 IC = 0

1.4 MOSFET

1.4.1 Large Signal

NMOS : ID =
K′

2
W
L
(VGS −Vt)

2(1+λVDS)

PMOS : ID =−K′

2
W
L
(VGS −Vt)

2(1−λVDS)

IG = 0

1.4.2 Small Signal

rO ≈ 1
λ ID

, gm =

#
2K′W

L
ID

→ Flip horizontally for PMOS
1.4.3 Modes

Here for NMOS, for PMOS all operators flipped.

Mode Voltage Current

Cutoff VGS <Vt ID = 0

Linear VDS ≤VGS −Vt ID = K′
2

W
L (2(VGS −Vt)VDS −VDS

2)

Saturation VDS >VGS −Vt ID = K′
2

W
L (VGS −Vt)

2

1.5 Operating Point Analysis

Use large signal equations and Kirchhoff’s laws.

• L → short circuit
• C → open circuit
• Replace small signal sources
1.6 Small Signal Equivalent

For small signals the transistors behave almost linearly and

small signal models can be used.

1. Replace all BJTs and MOSFETs with their SSE

2. Keep all the passive elements

3. Replace constant voltage and current sources

UDC → short circuit
IDC → open circuit

4. Label elements, voltages and currents

5. Connect nodes with equal potential

UDC-Analysis -> neglect all small signals, AC analysis- neglect all large (bow constant)signals
-> neglect all large signals!

gleich fir alle Yoo
vi
always madea

A
whenOlrorcuit (baw.open)

= fgo
-jE =

JUDSO,VasSO ZUDsCO, VasCO
·

meansactioning for BCT -not functioning

-> VDS<O

means functioning for MOSFET 700 =VasCUt VGs>Vt
*

↓IDS
dIDS

=Operating point analysis -

->
reverse

saturationgurent
thin

<O
-

0 for x=0

early voltage -neglect all small signals!
(V-a)

LEE (IB to for Box
LO ->0

for x=0

Voltage drop always =>IEFI when B00)
+to - positive. W & DC (in saturation model also UDD-GND:

MOSFET Parameters:

K: Intrinsic transconductance coefficient

⑰if all inputs are constant is every signal in Circuit is also constant:
Ve: threshold voltage
-

WIL: Gatewidth/channel length (physical properties
↓Both MOSFET and BIT have SSE & have to find operating point. A: Characteristic length of the component!) -have to find operating point

1 KVL: always same to same 4! (Best GND to GND). modulation. 1= 0 => We neglect
↑RoSFET.I describes the channel length

the channel length modulation.



2 Single Transistor Amplifiers
2.1 Two-Port Network

Impedance Zin =
vin
iin

$$
vout=0 Zout =

vout
iout

$$
vs=0

Gain AV = vout
vs

$$
iout=0 Ai =

iout
is

$$
vout=0

Transconductance Gm = iout
vin

$$
vout=0

Resistance R = vout
iin

$$
iout=0

2.2 Common-Emitter/Source Amplifier

BJT (C.Emitter) MOSFET (C.Source)

Rin = vin
iin

= rπ Rin = ∞

Rout = vout
iout

= ro Rout = ro

AV = vout
vs

AV = vout
vs

= vout
vin

=−gm(ro||RL)
rπ

rπ+RS
=−gm(ro||RL)

≈−gmRL
rπ

rπ+RS
≈−gmRL

AI = RS
RS+rπ

gmrπ AI = ∞

= RS
RS+rπ

β

2.3 Common-Base/Gate Amplifier

BJT (C.Base) MOSFET (C.Gate)

Rin = vin
iin

= 1
1

rπ + 1
ro +gm

Rin ≈ 1
gm

≈ 1
gm

Rout ≈ ((rπ & RS)gm +1)ro Rout ≈ (1+gmRs)ro

≈ β ro

AV = vout
vs

≈ Rin
Rs+Rin

gmRL AV = vout
vs

≈ gmRL
1+gmRS

≈ gmRL
1+gmRS

AI = iout
is

=− gm
1

RS"rπ
+gm

AI = iout
is

=−1

2.4 Common-Collector/Drain Amplifier

BJT (C.Collector) MOSFET (C.Drain)

Rin = rπ +(1+β )RL Rin = ∞

Rout = 1
gm+

1
rπ

≈ 1
gm

Rout = 1
gm

≈ β ro

AV ≈ 1
1+ 1

gmRL

AV ≈ 1
1+ 1

gmRL

AI = 1+β AI = ∞

2.5 Comparison

CE/CS CC/CD CB/CG

Voltage Gain ≪−1 ≈ 1 ≫ 1

Current Gain ≪−1 Moderate ≈−1

Rin High High Low

Rout High Low High

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

good current sources.



3 Current Mirrors
3.1 BJT

Iout = IC2 =
IS2

IS1
IC1 =

Ire f

1+ 2
β

Ire f = IC1 + IB1 + IB2

vτ = ln
!

IC1

IS1

"
VT · ln

!
IC2

IS2

"

3.2 MOSFET

Iout = IDS2 = I0 =
W2

L2

L1

W1
· Ire f

Ire f = IDS1

Rout = rO2

4 Frequency Response of Amplifiers
4.1 Parasitic Capacitancies

Capacitive effects between the terminals may have to be

considered for frequency analysis.

4.2 Multistage Amplifier

Single transistor amplifiers have limited gain range. Milti-

stage aplifiers help to spread the gain per stage.

|Av( jω)| = Amplification φV ( jω) = Phase shift

4.2.1 Calculation of 1st Stage

v1 ≈− gm1R1

1+ sCGS2R1
vin

vout =− gm2R2

1+ sCLR2
v1 =

gm2R2

1+ sCLR2

gm1R1

1+ sCGS2R1
vin

For a sinusoidal signal with angular frequency ω:

|AV ( jω)|= gm2R2 ·gm1R1%
1+( jωCLR2)2

%
1+( jωCGS2R1)2

φV ( jω) =− tan−1(ωCGS2R1)− tan−1(ωCLR2)

4.2.2 Calculation of 2nd Stage

vout =− gm2R2

1+ sCLR2
v1

Av2(s) =
vout(s)
v1(s)

=− gm2R2

1+ sCLR2

For a sinusoidal signal with angular frequency ω

|AV 2( jω)|= gm2R2%
1+( jωCLR2)2

φV 2( jω) =−180◦− tan−1(ωCLR2)

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: 20log10(|A( jω)|)
For power use: 10log10(|A( jω)|)

Resistor: A=const, φ = 0◦

Capacitor: A=-20dB/dec, φ =−90◦

Inductor: A=+20dB/dec, φ =+90◦

Iout
Gain B=ww÷= Iref

Wennmehrerenebeneinander ( cascaded) : Unity Current Mirror :
multiply individual gains : 13=13

,
- Bz -

. . .

- Bn

£t¥, ideally
,
I ,=I,

↓ ,
,

(input current is copied
to the output)

if Vasa __ Vasz and Vpsn=VDsz
,
In=Iz



5 Differential Amplifiers
5.1 Differential Amplifiers

5.1.1 BJT

General:

vicm =
Vi++Vi−

2
vid = vi+− vi−

vod = vo+− vo−

Vi± = vicm ± 1
2

vid

Differential Mode: (vi+ =−vi− = vi)

Avd =
vod

vid
=−gmRC

Common Mode: (vi+ = vi− = vicm)

Avcm =
vocm

vicm
=− RC

2RE

5.1.2 MOSFET

Avd =−gmro (≫−gmRL)

5.2 Half Circuit

5.2.1 Common Mode

5.2.2 Differential Mode

Only possible if virtual ground at the emitter.

5.3 Single ended Differential Amplifier

vo+ =−gm1RC1

2
, vo− =

gm2RC1

2
, vid =

vi+

2
gm1 = gm2 = gm, RC1 = RC2 = RC

Avd =
vod

vi
=−gmRC

5.4 Common-Mode Rejection Rate

How strong a common mode signal is attenuated compared

to a differential signal.

G =
Avd

Avcm
=

−gmRC

− RC
2RE

= 2gmRE

In dB: CMRR = GdB = 20 · log10 G

O
O

µ In ¥-2
#

→

Vit f Ivi-
¥ ¥

Differential pair . The
difference of their output
currents is a function
of the differential

input voltage :
OI= In- Iz=f(Vi + - bi-)

In -_ Iz if Vasil = Vas , 2 and

VDS
,
1 = VDS

,
2 .

[ Idea: circuit symmetrical : only analyse
half of circuit ! Other half behaves"+ = " "" " ᵈᵈ

y

identically !

0

①
with this

current
here

Not = No _ = Vocm



5.5 Operational Amplifiers

5.5.1 Ideal OpAmp

• No common mode gain
• Infinite input impedance
• Zero output impedance
• Infinite differential open loop gain
• Infinite bandwidth
• Infinite CMRR
• Vout = AV (Vi+−Vi−) = AV ·VD

5.5.2 Non-ideal OpAmp:

• Lowpass characteristic in TF
• Offset at input and output
• Load has impact on the TF
• AV (s) = Vout

Vd
≈ A0!

1+ s
ωpo

"

5.6 OpAmp Basic Circuits

Voltage Comparator

Vout = sign(Vin) ·Vcc

Voltage Follower

Vout =Vin

Inverting

Vout =−R2
R1

·Vin

Non-Inverting

Vout =
&

1+ R2
R1

'
Vin

Integrator

Vout =−Vin(s)
sRC

=Vout(0)− 1
RC

´ t
0 Vin(τ)dτ

Diffentiator

Vout =Vin(s)sRC =−RC dVin(t)
dt

6 Instrumentation Amplifiers
6.1 Basic Instrumental Amp

V0 =
R2

R1

1+ R4
R3

1+ R2
R1

Vi+− R4

R3
Vi−

R1 = R3, R2 = R4

V0 = G ·Vi+−G ·Vi−, G =
R4

R3
=

R2

R1

6.2 Buffered Instrumental Amp

V0 =Vicm

!
R2(R3 +R4)

R3(R1 +R2)
− R4

R3

"
+

Vid

2

!
R2(R3 +R4)

R3(R1 +R2)
+

R4

R3

"

CMRR =
Ad

Acm
=

V0/Vid

V0/Vicm
=

R2(R3 +R4)+R4(R1 +R2)

2(R2R3 −R4R1)

6.3 Input Stage Gain

Input Stage: (Differential and common mode gain)

AB =
VBD

Vid
=

VB+ −VB−

Vi+ −Vi−
=

R5 +R6

R7

Acm,B =
VB+ +VB−

Vi+ +Vi−
= 1

(No current through R5,R6,R7)

Total: (Differential and common mode gain)

Ad′ =
VO

Vid
=

AB

2

!
R2(R3 +R4)

R3(R1 +R2)
+

R4

R3

"

Acm = Acm,B

!
R2(R3 +R4)

R3(R1 +R2)
− R4

R3

"

CMMR =
A′

d
Acm

= AB
Ad

Acm

→ CMRR increased by factor AB due to an input stage!

inverting

any kind of

mittiichhopplung:
+

ued=O Phase -90° for all frequencies

R

o-o.IE/Vinfg, Lkout¥
↳ Y¥-= + a

⇒=④
0 0

←=Ét=- Are_



7 Various Amplifiers
7.1 Transimpedance Amplifier

Vin ≈ 0, Zin ≈ 0, Zout ≈ 0

Frequency Response I

ZS = (RS||(CS +Cin))

Z1(s)=
R f

1+AV (s)

I f = Vin+AV Vin
R f

ZT ′ =−AV (s)Z1 ≈
−R f

1+ s
A0ωp0

Frequency Response II

Zin = (ZS||Z1)

ZT = Vout
Iin

I f = Iin − Vin
ZS

Iin −
I f Z1
ZS

Vout =−AV (s)Z1I f =− Z1ZS
Z1+ZS

AV (s)Iin

ZT (s)=−(R f ||ZS)
AV (s)

1+AV (s)
ZS

R f +ZS

Loop Gain AL(s) = AV (s)
ZS

R f +ZS

Feedback factor β (s) = ZS
R f +ZS

→ Higher transimpedance gain results in lower bandwidth

7.2 Linear Voltage Regulator

RF1,RF2 ≫ RL ⇒ IL ≈ IE

−IC

Vout =

!
1+

RF1

RF2

"
Vre f , A′

0 = A0
RF2

RF1 +RF2

7.2.1 Small Signal Equivalent

Zout =
vout

io
=

1
gmA′

0

1+ s
ω p0&

1+ s
ω p0A′

0

'
·
&

1+ sCL
gm

'

7.3 Logarithmic Amplifiers

Non-linear circuit with output voltage proportional to the

logarithm/exponential of the input voltage.

7.3.1 Logarithmic Amplifier

Vin > 0

Iin =
Vin

R1
= IC = ISe

VBE
VT = ISe

−Vout
VT

Vout =−VT ·ln
!

Iin

IS

"
=−VT ·ln

!
Vin

R1IS

"

7.3.2 Anti-logarithmic Amplifier

Vin < 0

IC = ISe
VBE
VT = ISe

−Vin
VT

Vout = ICR1 = ISR1e−
Vin
VT

8 Filters

TF: Transfer Function

AR: Amplitude Response |T ( jω)| = |V0( jω)|
|Vi( jω)|

PR: Phase Response ∠T ( jω) = ∠V0( jω)
Vi( jω)

8.1 Damping factor

ζ =
ωp0 +ωpS

2
%

A0ωp0 ω pS

• Overdamped: ζ > 1,Q < 1
2

→ solutions of characteristic equation: p1,2 ∈ R,< 0
• Critically damped: ζ = 1,Q = 1

2
→ identical solutions: p1 = p2 =−ωn

• Underdamped: 0 < ζ < 1,Q > 1
2

→ complex conjugates: p1,2 =−ζ ωn ± jωn
%

1−ζ 2

8.2 Standard Transfer Function

H(s) =
N(s)

s2

ω2
n
+ s

Qωn
+1

N(s) = k: lowpass filter with DC-Gain: k
N(s) = k s2

ω2
n
: highpass filter with high frequency gain k

N(s) = k s
Qωn
: bandpass filter with max gain k

N(s) = k
&

1− s2

ω2
n

'
: notch filter with gain k

Resonance:( may appear in systems with two or more poles) . ¥4, 1. For stability ,
need 3>-0

Kwn2 Bsp : Ind 2. For }≥1 poles real loverdamped system)
" ""

sztzgwngtwn,

°" - • Natural frequency
f. damping ratio 3. For 5=1 poles real & equal (critical damping)wn=-mñs=%-K

. . gain 4. For 023<1 poles complex / under - damped system)

↳ frequency response: Gljw)=
kwh K=-1k 5. For 5=0 poles imaginary (undamped system)

(win - WZ)+jl25wnw) b. For }≥HE magnitude bode plot decreasing in w
7. For 0≤ 52hr2 magnitude bode plot has a max.atKWNZ K⇒ ""Iw) / =✓(wnzwzp+(zgwnw ,

<Gljw)= - arctan/↳WnwWnz - wz ) w=Wn✓tÑ and / Gljw)l=zgrg



8.3 First Order Passive Filters

8.3.1 Low-Pass Filter

TF: T (s) = V0
Vi

= 1
1+sRC

AR:
|V0( jω)|
|Vi( jω)| =

1√
1+(ωRC)2

PR: ∠V0( jω)
Vi( jω) =−arctan(ωRC)

8.3.2 High-Pass Filter

TF: T (s) = V0
Vi

= sRC
1+sRC

AR:
|V0( jω)|
|Vi( jω)| =

ωRC√
1+(ωRC)2

PR: ∠V0( jω)
Vi( jω) = 90− tan−1(ωRC)

8.4 Second Order Passive Filters

8.4.1 General

TF: T (s) =
1

R2C2

s2+ 3s
RC + 1

R2C2

D(s) = s2 + ω0
Q0

s+ω2
0

8.4.2 Low-Pass Filter

TF: T (s) =
1

LC
s2+ R

L s+ 1
LC

=
Kω2

0
s2+

ω0
Q0

s+ω2
0

8.4.3 High-Pass Filter

TF: T (s) = s2K
s2+

ω0
Q0

s+ω2
0

8.4.4 Band-Pass Filter

TF: T (s) = s R
L

s2+ R
L s+ 1

LC

=
sK ω0

Q0
s2+

ω0
Q0

s+ω2
0

8.4.5 Comparison with First Order Passive Filter

Passive Filters Active Filters

2 passive elements that

determine pole

3 passive elements, pole deter-

mined by elements in feedback

Fixed gain of 1 Variable pass band gain

No power consumption OmAmp consumes power

Real filter transfer func-

tion close to ideal

Real filter transfer function de-

pendent on gain

8.5 First Order Active Filters

8.5.1 Low-Pass Filter

TF: T (s) =−R2
R1

1
1+sR2C

AR: |T ( jω)|= R2
R1

1√
1+(ωR2C)2

PR: ∠T ( jω) = 180− tan−1(ωRC)

8.5.2 High-Pass Filter

TF: T (s) = V0
Vi

=− sRC2
1+sR2C

AR: |T ( jω)|= R2
R1

ωRC2√
1+(ωRC1)2

PR: ∠T ( jω) =−90− tan−1 ωRC1

9 Switched Capacitor Filters
Resistors take up too much space, so replace them by swit-

ched capacitors.

9.1 Equivalent Resistor

We transfer charge ∆Q from potential V1 to V2 at a fixed rate

fc =
1

TC

∆Q =C(V1 −V2)

I2,avg =
∆Q
TC

, Req =
Tc

C
=

1
fcC

9.2 Inverting Integrator

Phase 1: φ1 on charge accumulates on C1 and C2

Q1 =C1 ·Vin(n−1)

Q2 =−C2 ·Vout(n−1)

Phase 2: φ2 on C1 is discharged

Q1 = 0

Q2 =−C2 ·Vout(n−0.5)

C2Vout(n) =C2Vout(n−0.5)

C2Vout(n) =C2Vout(n−1)−C1Vin(n)

Vout

Vin
=−C1

C2

1
1− z−1

→ Seems continuous for small Tc

Vout(nTc) =− C2

TcC2

ˆ nTc

0
Vin(t) dt

9.3 Non-Inverting Integrator

Same circuit as before, but change of switching circuit

→ charge on C2 is inverted

Bed: fvinccfc

Req

¥Vz±Switched capacitors : V1#
☐

¥0k ~> Oh
I I 4- [

define yourself @
beginning which↳ lt-gen: ① Q=CV plate is positive
and negative &② keep itthroughoutthewholetas!

③

④

Wenn es stent "
. . . ¢,→¢, . . .

" : analyse circuit in stage 1oz !



Phase 1: φ1 on C1 is charged to Vin

Q1 =C1 ·Vin(n−1)

Q2 =C2 ·Vout(n−1)

Phase 2: φ2 on Charge is transferred to C2

Q1 = 0

Q2 =C2 ·Vout(n−0.5)

C2Vout(n) =C2Vout(n−0.5)

C2Vout(n) =C2Vout(n−1)+C1Vin(n−1)

Vout

Vin
=

C1

C2

z−1

1− z−1

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 =CkVk)

4. Identify 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[nTc]}= X(z) = ∑∞
k=−∞ x[kTc]z−k

• Time Delay: Z{x[(n− k)Tc]}= z−kX(z)
• Integration: Tc

1−z−1

• Differentiation: 1−z−1

Tc

• Mapping to jω-axis: z = e jωTC = e j 2π f
fc

• Mapping to s-axis: s = z−1
TC

, 1− z−1 = sTC

9.6 Transient Response

Capacitor:

uC = uC(t → ∞)− [uC(t → ∞)−uC(t = t0)]e−
t−t0
RC

iC = 1
R [uC(t → ∞)−uC(t = t0)]e−

t−t0
RC

Inductor:

uL = R[iL(t → ∞)− iL(t = t0)]e−
R
L (t−t0)

iL = iL(t → ∞)− [iL(t → ∞)− iL(t = t0)]e−
R
L (t−t0)

10 Appendix
10.1 Passive Elements

[R] Seriell: Rges =
n
∑

k=1
Rk

[R] Parallel: 1
Rges

=
n
∑

k=1

1
Rk

Gges=
n
∑

k=1
Gk

[C] Seriell: 1
Cges

=
n
∑

k=1

1
Ck

[C] Parallel: Cges =
n
∑

k=1
Ck

[L] Seriell: Lges =
n
∑

k=1
Lk

[L] Parallel: 1
Lges

=
n
∑

k=1

1
Lk

10.2 Dividers

U2
U = R2

R1+R2

I2
I = R1

R1+R2
= G2

G1+G2
U1
U2

= R1
R2

I1
I2
= R2

R1
= G1

G2

10.3 Superposition Principle

• Only look at one voltage/current source at a time
• Set all other sources to 0

Current source → open circuit
Voltage source → short circuit

• Add the contributions
10.4 Miscellaneaous

• Gain: Voltage: AdB = 20log(A), A = 10AdB/20

Power: Factor 10 instead of 20
• Gain Bandwidth Product: GBP = ωp ·A( jω = 0)
→ Trade-off between DC-gain and cutoff frequency

• Simplification: Often gm ≫ 1
ro
, gm ≫ 1

rπ

• Error: E = |Aapprox−Aideal
Aideal

| ·100%

low - pass fitter : some Ausdruchlihe : Als)=_I+
↑ +1

pass - band gain
we

Wc : cutoff frequency
= pole frequency

or (equivalent)

↳ forward enter transformation



zusatz Resolution: The smallest increment of measurement, movement Common <-> no input/output connected to x Laplace
or other output that a mashine, instrument, or component BIT: Common Emitter Common Base Common Collector LaplaceTransform, propertiesIdeal Voltage Source Ideal Current source is capable of making.

-
Vac 1) Linearity: LSaflH+Bg(H3= x<3f(t3+Bh(g(t) =dF(s) +pG(s)

ot80 okine a Bsp: Ures,s= 50. Ures, meas means the output (measuring device I TU 2) s-shift: LSe-atf(+3= F(s+ a)
can only "see" jumps of n.5OmV, nfIN at the sensor: D.h. if Vs changes Yout obout 3)Time derivative: <3f(H3= sF(s) - flot, L92fIH3=s"F(s) -sflot-flot
by z.B. [25mr, we won't notice it. -Bad resolution! 4)Convolution: <<(f* g(CH3 = F(s).G(s) and 29 f(t). g(t)3 =(F*G) (s)

#

stances:1:1+ 0:L2, B+OKS
- sensor"feels" precise changes, but measurement device (bzw.wel vino vino-katorout

Some important (aplaceTransforms:
won't be able to make use of it:) - So1.: smash in MosFETs:)

O

Vice
d(t)0-1 sin(wt) 00.2wi

--D-D-...-D Ryes = EiRi 2-port replacement of an amplifier: H(s)o-1/S S

- UDD gatoofcoslu+)00s2+W

·D Ego=Zi Wenn2: Ryes=RR B1*pKM, MOSFETS: Common Gate Common Source Common Drain
S+a

d
in EC: "neglect R" means Red if ReKRz: PelIRzeRe

---

Capacitances: OF oLV Loco
o

↓@DC- Kein Strom fliess+ durch! i=c.u
↓
ITEmeas UmeasFo

T&Ac + z.=jc = 5c
Ca-open&DC, short OAC 1) Calculate Rin=, Bout - youJoint in SSE. When to neglect what:

·tH...to -Eyes"Zit ->(yes:ZiCi 2)2-port replacement: A transferfunction: Als) ... -> highest orderswo.ceeff.! 4 When calculating rout-out, set win=O
Impedances: Ec= jwL , n

=1. 2- Port

Voltage divider: Current divider: notBoERinGuide Filters.ordnung:CC-fochpass/Tiefae
Phaseuverschiebung 1 E XE

vooTITV=Va BR daiDIM InFan
I

ResenantfrequentforEMCChierRelErtEzIEMEEROcOATR
Frequent assumptions: Zehnerpotenzen: (quality

Transconductance of the Circuit: gstout Vo<>RL -from fliesst nur, wenn NW geschlossen ist!
-.

gm5o<> 1
Transconductance of the transistor: gm RoC>UM jofeinloogtra Why is it favourable to have a high CMRR for a differential circuit:

-

-> assume no load
Transimpedance of the circuit out EKgm I In differential circuits, the signal of interest that one wants to

Bout have amplified is symmetric, i.e. Vit=-Vic. Unwanted/parasitic
Output Resistance:Tout rout Voltage gain: out signals usually affect both vit and vi-equally and with the same

polarity, consequently they appear as common mode signals at the
Input Resistance: Poles of a transfer function: input of the amplifier. Therefore, common mode signals must be

Dortwo Em=Reim Nenner. Coder einfach dowt wo Nenner O amplified with the smallest gain or the highest (MRR possible.
"Operating point" means: bestimme voltages/currents s.t. wird, and s einfach mit wersetzen. supply or ground variations as interference coupling from the mains

component is in operating (Eactive)mode! are examples of unwanted common mode signals.
-> "saturation"for MOSFET, "active" for BIT!

Poles angebenals W, "frequencies" angeben als f
↳
meistens eine Grosse gegeben (z.B. Vont) dieerful Grenefrequent = Echfrequenz: Cutoff frequency & (W)= rad/s Capacitor:
sein muss. The voltage when charging a capacitor with a voltage source and

Voltage gain: Ar-out Impedanz Admittanz: a resistor (step response of a 1.order system) is:

zit =1 I=E= s v,(t)=V(1-EYx), T=RC
Resonance: (may appear in systems with two or more polessp. nd =js

SC

k= E= genauer: Uc(t)
=0,(+-x) - (v,(t-a - v,(t = to))iEctor

offerare
Iwn

Wn.. Natural frequency
G(s)=

s2+ 25WnS +wh
3..damping ratio

wn
=13in and ic(t) =(v)t a) - vst =toe-Eto

4Reff, Rander

K..gain Kwi
Memmen von C.

↳ frequency response: G(jw=(wn-wi+j125wnw) PEr-DEFEntEn EDEDE TDEFIntI Indulativitat: v.(t =R(ii(+-d - i(+ = toi(
-t)(0-46-1)

=(G(jw) =
vwr3WnWk,<G(jw)=-arctan(EW i(t) =i,(+ + a)-(i(t +x)- i,(+=t)c-

E(+-t.)
Einheiten: Spannungsquelle off KS

For stability, need TI0 (U) =V (L) =H stromuelle off ->(L
For31 poles real (overdamped system)
For3=1 poles real & equal (critical damping (I) =A ()=m "Keine Spannung"#KSi.A.! (d.h. heistFor OCY<1 poles complex (under-damped system

nicht dass strom einfach so durchflissenTo For3Opolesimaginaryfundamped systeries (R)= 0 (r) = Smit learn. 4 gleich heist night stromfluss!
7.

(C) = F (Virtueller KS -> hur wenn kein Stromfluss!)

As= fout

⑤ju

lot decreasing in w
For 0.5CYA magnitude bode plot has a max at

K
w=wnNF23' and (G(jw(1= 52



First order high pass transfer function: ⑧n¥* WEI f-
Passband gain

First order low pass transfer function :
^

Its/Wo

Greatfrequent Echfrequenz -1 Cutoff - frequency Lausanne:)
When asked nach Poles : angebenalsw @Is)

Amplitudenplot : 20dB=- logroll Gljwl)
simplifying SSE :

17 I

9m⑤1q≈ ☐
^

15m

Half-Ciran
↓ ↓

↳ immer zurjettigensteigungdazuaddieren !

- VDD

I # Mz

B-sp.io#H-MnTiefpass' did 1¥ ?

more ii.broadband
faster Way: ¢lw=o) ¢lw=a) oMlw=o ) oMlw=a)Beifilterlbzw

.
Glieder) 1. Ordung : Integrator § -90° -90° -20dB -20dB

@ Arent-frequent : Differentiators 900 go 20dB 20dB Poles ofTransferfunction: Dort woIm=Re im Denominator
. lodereinfach

↳ / Re / den.vonGISDKIT-mcden.vn Gcs))/ Negative Pole is!✗, 0 -90° 0 -20dB dortwoldenl-oimits-jwlsm.tw " ersetzen ")
↳ Phasenverschiebung 4=450 Positive Pole ^

90°
Is-×)

° 0 -20dB

↳ Ausgangsamplitude__¥, - Eingangsamplitude Negative Zero ↳+ ×) 0 90° 0 20dB
Common mode

↳ da 20dB- log ,, /HE)= -3dB → also called -3dB- Eckfrequenz!
Positive -Zero 's-×) 0 -90° 0 20dB

Differential mode www.uittoi-2 Uocm=%ttUo-
with Nid -- Wit- Ni - ,Vod=No+ - Vo- 2


