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I | High-speed signals used in microwave and optical regions are one of the core technologies in the information society. This

course introduces the fundamentals of microwaves/high-frequency electromagnetic waves, their circuits and engineering
treatments of them. Such high-frequency circuits should be treated as distributed element circuits rather than lumped
element circuits that beginners study first about electric circuits. Course students understand the definition, calculation
method, and application of distributed element circuits, and then obtain their techniques.
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I | Tobecome able to explain the differences between distributed element circuits and lumped element circuits, and the behavior
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of high-frequency signals in transmission lines with equations.

To become able to explain reflection coefficient, standing wave ratio and input impedance, and then to analyze them using
their relationship to incident wave, reflected wave and load impedance.

To become able to read and draw Smith Chart.

To become able to explain the significance of S parameter and to derive S parameters of some simple circuit networks.

To become able to explain fundamentals, characteristics, and applications of microstrip lines.
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REETEIER Course Plan

No. IEH Topics AZ Content
1 H | @BAEEBCSVWTHzZER | @ARESHASBORE, BHAFOESR. SE KBS,
D ?
% | What will the course students | Survey of applications of high-speed/high-frequency signal processing. Review of
obtain in "Microwave Circuits" | “Classical Electrodynamics.” Overview of key points in this course.
2 B | 2% E#ERE & P TR 2 FHEIEOEE, EFEHEREHHEROEDOEN, KEMEHRDOEE,
Z | Lumped and distributed | Review of 2-port circuits. Differences of lumped and distributed element circuits.
element circuits Review of wave propagation.
3 H | EEAEX. BEBLOEBE B | mERELOBEKEERKOKE, BE - ERICETIEEHFER L Z DR,
P
% | Telegraph equation, Voltage- | Telegraph equation for voltage and current on a transmission line and its solution.
and current-waveforms on a
transmission line
4 H| AAMAYE—K> R AET & REHE, BRA Y E—X Y REAAA Y E—Z VX,
% | Input impedance Incident and reflected waves. Input and load impedances.
5 B | REFR#E. EEREL REMRBOBRE L OHE, AWM v E—Z VR BFAvE—Z v EDB%R, EE
B,
Z | Reflection coefficient, | Reflection coefficient, Standing wave ratio
Standing wave ratio
6 B | 2% EHIREOEBMEQ) ImBEA v E— X U R EEMBEROTE, REFRE EEREOHERERE,
& | Exercise of distributed | Calculation of the relationship between the load impedance and the equivalent length
element circuits (1) of the line. Examples of the reflection coefficient and standing wave ratio.
7 B | 2HEHIREEOEGREQ2) DEEHREEICHE T IEE - BR. ANA Y E—K Y ROHEES,
% | Exercise of distributed | Examples of the calculation of voltage, current, and input impedance on transmission
element circuits (2) lines.
8 B | sTE0F & & BRERHER BETEELAZZEDER, BLUEBBEZRERT 57-0ICHER,
% | Summary and comprehension | Summary of the former part of this course, and an exam to check students'
check comprehension.
9 B | RIxFr—*+ ZAIRFY—OFERAHBFEHEES, RIXAFr—b2BLIEANA Y E—K R E KRG
R DL,
% | Smith Chart Understanding and drawing of Smith Chart. Conversion between input impedance and
reflection coefficient on Smith Chart.
10 | B | A2 T7TREICEDAVE—K | RIRAFr— b aES708E, RAATREICL 24 v E—X Vv RES,
v REE
Z | Stub lines Understanding and drawing of Smith Chart (continued). Impedance matching by a
stub line.
11 H | SKRIX—=% SHNIA—RDEREZTNZE - T-EIRIEIE, MELREED S /X7 A —ZEH,
% | S-parameter Definition of scattering parameters and circuit analyses with S-parameter operation.
Derivation of S matrices for simple circuits.
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Z | Microstrip lines and | Fundamentals and characteristics of microstrip lines that are essential to integrate
introduction of  functional | microwave circuits. Typical functional circuits of distributed elements; especially on
circuits filters and couplers.

13 | B | 2 EEREICE T 2BER | 9HEHIREICH T 2 BEIRR OB,
E

Z | Transient response on a | Analysis in time domain for transient responses of the voltage and current on a
transmission line transmission line.

14 | B | ERMEL BEEIx7 4, & | @BAREEICERI N2 ERMRAC IR 20BN, REMRICOWVT,
AES

Z | Substrates and connectors for | Introduction of substrate materials and connectors for radio wave circuits. Skin depth
radio wave circuits, skin depth | and its calculation.
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% | Impedance matching in radio | Exercise of impedance matching on a transmission line.

wave circuits
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& | Fundamentals of electromagnetic theory and electric circuits are needed. It is advantageous to have completed "Basic

Calculus I1." Taking "Classical Electrodynamics IA/IB and Exercise" is recommended together in this semester.
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The course students must attend all classes. They will be required to submit two or three reports of exercising analyses in
order to understand learned points deeper.

Each class requires 2 hours of preparation, 1 hour reviewing and additional learning time to prepare the exams.

For several items out of the course plan, the course students need to preview the materials on Moodle e-learning system.
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Z | Performance evaluation of this course will be conducted by the midterm and term-end examinations (about 80%), and reports

(20%) together with participation status. Students with evaluation of 60 points or higher will pass.
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