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The 10T/IoE era has arrived, where all the information captured from physical world is utilized for society. The
key devices of the 10T/IoE era are enormous sensor hodes communicating tremendous information from physical
world autonomously with wireless. Inevitably, needs to create new devices supporting high-level system are never
decreasing even though system level and data processing researches become important in the I0T/IoE era. We
sometimes have to return to the basic or fundamental knowledge that is hidden behind the modern technology. In
this lecture, electromagnetic theory is lectured as a basic for integrated-circuit and hardware engineers who wish
to create innovation in the future. Fundamental electromagnetic theory from Maxwell’s equation and some useful

knowledge will be presented.
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In TR line, the impedance is given by

Z=120m 2 [Q]

o}

How is the maximum Z, ?
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Impedance matching in RF circuit
3770
\l\

\/ » ez

Zq ~TTQ T

for 1/2 dipole

Question : 50Q matching is | 4" ® —
required ? ®

e Transceiver with discrete components requires
impedance matching between components.

e In one chip CMOS RF, impedance matching is not
necessary. Kazuya Masu

Why 50 O 2

® Maximum power
deliverable to a load

P atb/a=eY2x1.65
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K. Masu, “RF MEMS for Reconfigurable Radio”, ISSCC 2008, Sunday Evening Panel, Feb.é, 2008 Masu
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® This topic returns every several years.
® Discussions are well summarized in the books.

HIGH-SPEED
SIGNAL
PROPAGATION

AOVANCED BLAGK MAGIC

Japanese version

Howard Joescen  Martin Geabam
Planar Microwave Engineering: A Practical Guide to High Speed Signal Propagation: Advanced Black
Theory, Measurement, and Circuits, by T H. Lee, Magic, by H. W. Johnson and M. Graham, 2003
2004

K. Masu, “RF MEMS for Reconfigurable Radio”, ISSCC 2008, Sunday Evening Panel, Feb. g, 2008 Masy
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Why 50 (> ?

® Microstrip line on the board

Large radiation/EMI
w and crosstalk
Radiation Crosstalk

,’Ztl - ’

Zo : Small Zo : Large
Difficulty in drivability Trade off

Appropriate became to be around 50Q2

Assumption: the same metal width

K. Masu, “RF MEMS for Reconfigurable Radio”, ISSCC 2008, Sunday Evening Panel, Feb. 8, 2008 Masy
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@ In the respect of signal lines
B Coaxial cable

B Microstrip line

® In the respect of impedance matching to
antenna

K. Masu, “RF MEMS for Reconfigurable Radio”, ISSCC 2008, Sunday Evening Panel, Feb. g, 2008 Masy
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® Loss due to the skin effect

Loss minimum at b/a ~ 3.59
Zo~ 77Qforg =1 a

Zo~ 50Q fore, =2.3
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® Impedance matching to antenna

®Z..4=~ 77 Qfor A/2 dipole antenna
®Z..q~ 33 Qfor A/4 antenna -

Easy matching to antenna — 1/2
might be a reason why 50Q. —

Z,

rad

K. Masu, “RF MEMS for Reconfigurable Radio”, ISSCC 2008, Sunday Evening Panel, Feb.'(amg.uasu
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