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properties, simulation & measurements
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ÅIntroduction to signals:

ïProperties

ïUnits

ÅSimulation of signals :

ïTime-domain

ïFrequency domain

ÅIntroduction to measurements:

ïSignal generator, spectrum analyzer and oscilloscope

ïTime and frequency domain measurements
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ÅLet́ǎ ōŜƎƛƴ ōȅ ǘƘŜ άǎƛƳǇƭŜέ ŎŀǎŜ ƻŦ ŀ ǎƛƴŜΥ
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ÅDeterminetheexpressionof s(t) if :
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In this case,we saythe red
curve is delayed with
respect to the blue curve,
(or the blue curve is in
advance with respect to
the bluecurve.
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ÅWhat happens if we apply a 1V, 1GHz voltage 
signal to a (50 Ҡ) resistor?
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Try to calculate 
άƛƴǎǘŀƴǘŀƴŜƻǳǎέ  

current and power



RFWild - Measurements,

Modeling, Microelectronics
Introduction to signals

ÅWhat happens if we apply a 1V, 1GHz voltage 
signal to a (50 Ҡ) resistor?
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ÅLook at the simulation results:
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Sounds good?
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ÅAs you know, ideal voltage (or current) sources 
do not exist: Real sources have internal 
impedances!

ÅWe will consider RF sources with a nominal 
50Ҡinternal impedance:

8

Let́ s do some math 
again: try to 

calculate the DC 
(mean) available

power of the source
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ÅThe avaliable power of the source corresponds 
to the power delivered when the load is the 
complex conjugate of the internal impedance 
(more on this later). In this case, if RL=50Ҡ! 
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Available power
(load independent!)
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ÅCheck the results for VP=1V, RL=50 Ҡ:
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Available power=2.5 mW
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ÅLet́ s TALK ABOUT POWER!!

ÅPower in physical systems may vary by several 
orders of magnitude.

ïHuman ear may detect a huge range of sound 
(power) levels

ïPortable phones are able to detect signals from 
about 10-13 W (yes, 0.1 pW!!!) to some mW

ÅWe should use a logarithmic scale: Decibels!!
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ÅBut what is a Decibel?

ïIt is a logarithmic άǳƴƛǘέwhich represents a
relation (a priori of power)with respectto a given
reference.

ïIt is very usefull to represent physical variables 
which vary a lot: 

12

)log(20)log(10)log(10)(

)log(10)(

2

2

REFREFREF

REF

V

V

R

V

R

V

P

P
dBGain

P

P
dBGain

===

=
Remember: 

Gain is unitless! 
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ÅLet́ s do some math:
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üWhat is the gain (in dB) of an amplifier havingan input
powerof 1 mW andoutput powerof 1 W? Answer:30 dB

üWhat is the (power) loss in an attenuator whose input
voltageis1 V (peak)andoutput voltageis 10 mV(peak)?
Answer: 40dB(-40dB)
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ÅWith Decibelsin mind, we may know think 
about power units!! Units commonly used:

ïdBm (dB scale with respect to 1 mW)

ïdBW (dB scale with respect to 1 W)
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Short-rangewirelesstransceiversgenerallytransmit power levels
around0 dBm(1 mW)andareableto receivesignalswith a power
level down to about -100dBm (10-13 W). In this latter case,the
signalin the (50Ҡ) antennahas2.2mVRMS!!
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ÅLet́ s use hereafter the signal source below.

15Power in dBm

Calculate  
peak voltage 
and current 
in the load
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ÅCheck the numbers:
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1 mW
(0 dBm)
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ÅHow does an RF signal source look like?
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Signal 
source

Spectrum 
analyzer

Oscilloscope
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ÅCompare with our simulation model:
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Frequency
Power

50 Ҡ
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ÅWhat about our spectrum analyzer?
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RF in
50 Ҡ

It works as a 
(nominally) 50 Ҡload!
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ÅAnd what about the oscilloscope???
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1 MҠ//11 pF
Until 10 MHz, its impedance is about 
30 x greater than 50Ҡ(open circuit!)

We will use the 
oscilloscope to see 
the signals in the 

time domain
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ÅAre you ready for the FUN??? Let́s MEASURE!
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We will use 
this setup:
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ÅSet the source to 0 dBm, 1 MHz:
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Check the numbers!!
(look closelyJ)


