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Ohm’s LawOhm’s Law
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Ohm’s LawOhm’s Law Example

10 V 1

I1

V1 = 5ΩR 10 V 1

I1

V1 = 5ΩR

V1 = 10 V V1 = 10 V
I1 = 2 A I1 = −2 A
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KVL & KCLKVL & KCL

KVL: Kirchoff’s Voltage Law

Sum of all node-to-node voltages around the
closed loop is zero.

KCL: Kirchoff’s Current Law

Sum of all currents leaving a node is zero.
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KVLKVL
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L1 → − vi + i1R1 + i3R3 = 0

L2 → i2R2 + i4R4 − i3R3 = 0
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KVLKVL
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KVLKVL

3

i1 i21

i4

2

vi R4R3

R2R1

i

L1 → vi = i1R1 + i3R3

L2 → i3R3 = i2R2 + i4R4
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KVLKVL Example 1
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VCC = I1R1 + I3R3

VSS = I2R2 + I3R3
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KVLKVL Example 2

−5 V

1

Vx

I2

10 Ω

100 Ω

50 Ω

I3

+10 V

I

10 = 50I1 + 100I3

−5 = −10I2 + 100I3

10 = 50I1 + 10I2 − 5
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KCLKCL
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KCLKCL Example 1
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KCLKCL Example 2
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Linear Network AnalysisLinear Network Analysis Series combination

Z
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Z2

Z

Z = Z1 + Z2
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Linear Network AnalysisLinear Network Analysis Parallel combination
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Z = Z1 ‖ Z2
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Linear Network AnalysisLinear Network Analysis Voltage divider
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Linear Network AnalysisLinear Network Analysis Example 1
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Linear Network AnalysisLinear Network Analysis Example 2
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Linear Network AnalysisLinear Network Analysis Example 3

R3

R2

R4 R5

vo

vi
R1

vo

vi
=

R4 ‖ R5

R1 + (R2 ‖ R3) + (R4 ‖ R5)
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Linear Network AnalysisLinear Network Analysis
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Linear Network AnalysisLinear Network Analysis Parallel RC
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Linear Network AnalysisLinear Network Analysis Series RC

R

Z
C

Z = R +
1

sC

ECEN 325 Electronics - Aydın İ. Karşılayan - Introduction 20



Linear Network AnalysisLinear Network Analysis Example
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Low-pass NetworkLow-pass Network Transfer function
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Low-pass NetworkLow-pass Network Magnitude response

T(s) =
1
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ωo
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Low-pass NetworkLow-pass Network Bode magnitude plot
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Low-pass NetworkLow-pass Network Phase response

T(s) =
1

s

ωo
+ 1

⇒ T(jω) =
1

jω
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+ 1

6 T(jω) = − tan−1
 ω

ωo



ω � ωo ⇒ 6 T(jω) ≈ 0◦

ω � ωo ⇒ 6 T(jω) ≈ −90◦

ω = ωo ⇒ 6 T(jω) = −45◦
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Low-pass NetworkLow-pass Network Bode phase plot
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High-pass NetworkHigh-pass Network Transfer function

vi

vo

C
R

vo

vi
=

R
1

sC
+ R

=
s

s +
1

RC

=
s

s + ωo
= T(s)

ωo =
1

RC

ECEN 325 Electronics - Aydın İ. Karşılayan - Introduction 27



High-pass NetworkHigh-pass Network Magnitude response
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High-pass NetworkHigh-pass Network Bode magnitude plot
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High-pass NetworkHigh-pass Network Phase response

T(s) =
s

s + ωo
⇒ T(jω) =
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ω � ωo ⇒ 6 T(jω) ≈ 90◦

ω � ωo ⇒ 6 T(jω) ≈ 0◦

ω = ωo ⇒ 6 T(jω) = 45◦

ECEN 325 Electronics - Aydın İ. Karşılayan - Introduction 30



High-pass NetworkHigh-pass Network Bode phase plot

φ(ω)

o10ωoωo 10

90

ω
(log scale)

45

ω

ECEN 325 Electronics - Aydın İ. Karşılayan - Introduction 31



STC NetworksSTC Networks Generalized transfer function

Generalized first order low-pass:
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Generalized Low-passGeneralized Low-pass Bode magnitude plot
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Generalized High-passGeneralized High-pass Bode magnitude plot
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AmplifiersAmplifiers

o vovivi vo i vv

In: Differential Differential Single-ended

Out: Differential Single-ended Single-ended
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Voltage AmplifierVoltage Amplifier Circuit model

i

Avo viRi

v vo

Ro

Ri : Input resistance

Ro : Output resistance

Avo : Open-loop voltage gain
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Voltage AmplifierVoltage Amplifier Source and load connected
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Voltage AmplifierVoltage Amplifier Cascaded

vi1 Ri1 Ri2vs RL voAvo2 vi2Avo1 vi1
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Transconductance amplifierTransconductance amplifier Circuit model

vo

io
vi

RoRi Gm vi

Ri : Input resistance

Ro : Output resistance

Gm : Short-circuit transconductance gain
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Voltage AmplifierVoltage Amplifier Frequency response

Ci

Rs

vs Rivi RL vo

Ro

Avo vi

vo

vs
=

Ri ‖
1

sCi

Rs +

Ri ‖
1

sCi


Avo

RL

Ro + RL
= T(s)

T(s) =
K

s

ωo
+ 1

K =
Ri

Rs + Ri
Avo

RL

Ro + RL
, ωo =

1

(Ri ‖ Rs)Ci

ECEN 325 Electronics - Aydın İ. Karşılayan - Introduction 40



Voltage AmplifierVoltage Amplifier Bode magnitude plot
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Voltage AmplifierVoltage Amplifier Bode phase plot
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