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s(t) = Acosmt +£)

A =amplitude e
1 o]
f =— = frequenc ?
“t. X : ;
f =—2Qp = phase ] “
T P =P f=0
w=20f =angular frequency 1-02



I

Introduction to signals/ faLiiESiEe
Medelirig, Microelect

s(t) = Acos@t + £) S(t) LT T g

w =20k ' In this case we saythe red
1 curve is delayed with

f :? . . respectto the blue curve
L © Vft (or the blue curve is in

f=—2Qp advance with respect to
T the blue curve

A Determinethe expressiorof s(t) if:

A=1T=10°st,=-0.25ns
A=2T=10"st,=05Q0"s
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A What happens if we apply a 1V, 1GHz voltage
signal to a (5(K) resistor?

f;%‘ TRANSIENT | S Try to calculate

4 w 4 4

Traﬂ ................. a A y a u I. y. u
Tran1 . = . .
StopTime=2.0nsec |_Probe
Max_TlmeS_tep_=1O psec @_ r_esistor._curre.nt - Current and power
Y e resistor voltage _
C vamne 1 21

SRC1™ - @ R=50 Ohm

V=polar(1,0) V

Freg=1 GHz = _
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A What happens if we apply a 1V, 1GHz voltage
signal to a (5(K) resistor?

g@} TRANSIENT

Tran

Tran1

StopTime=2.0 nsec |_Probe
MaxTimeStep=10 psec @ resistol

V_1Tone i 21

SR - R=50 Ohm
V=polar(1,0) V

Freq=1 GHz _

resistor_voltagét) =1@osp10’t)

resistor_curren(t) = 5—10 @osRpl10’t)

inst_ power(t) =1@os@p10°t) (9516 @ospl0’t) Y

2 2 é P,.=0.0W

] 1 1 . .
inst powel(t) = ——+-——@osR@p10°’t) i
— powert) 280 20 e@ploy i Proogn, = 0.0, 6
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K at the simulation results:

WAz

0.0 02 04 06 08 10 12 14 16 18 2.0

fATES

|nst __power=resistor_voltage*resistor_current.i
0.020

0.0 02 04 06 08 10 12 14 16 18 2.0

eeeeeee

resnstor_voltagét) = 1C¢ost109t)
resistor_currentt) = %Qoseplogt)

inst_ power(t) = 0.0 + 0.0 W @osR Qp10°t)

Sounds good?

v
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A As you know, ideal voltage (or current) source
do not exist: Real sources have internal

Impedances!
A We will consider RF sources with a nominal
50K internal impedance:

o=l ®e P Lefs do some math
L again: try to
 ReaiSoumce |[D|iiien | Load calculate the DC
e LN T L (mean)available
%) % power of the source
8




Introduction to signals RFvsélféMéureme

Modefirig, Mieroelect

A The avaliable power of the source correspond
to the power delivered when the load is the
complex conjugate of the internal impedance
(more on this Iater) In this case, If RL¥b0

- o V
Tt | TRANSIENT ‘@ =y load_voltagdt) = ZPCQOSQ,OlOgt)
Trn _ _ _ RL 50 - VP= 10 _ _ _ _
-Srtor;;jl'lme-2 Onsec ’ o o o o ’ V .
MaxTimestep=10 pse load currenft) =—F— @osRpl0’t
| | SO —eurrentt) = gow 20510

Real Source : T %:rizirrem ~ Load V2 V2 )

= I;a:mge N load_ power(t) = +—PF _(@oseQ@pl0°t)

-load vl —3 R 8®BGOW 8®GOoOW
R1
o I  SR1
V=polar NPO)Vé@ -~ %R'RLO"”‘ f
Freq=1 GHz - . . L

. Avallable power
(load independent!) °
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ACheck the results for VP=1V, RL¥50

load_voltage, mV

Ioad _power=load_voltage*load_current.i

load_power
I L1l

IIIILL

IIIL\

load _voltagét) = % @osRp10’t)

1 .
load currentt) = @osPp10’t
—ourrentt) 260w erion
2 2
load power(t) = @osR2p10°t
-P l() 8C50\N 8@OW eQ@p )
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A Lefs TALK ABOUT POWER!!

A Power in physical systems may varysbyeral
orders of magnitude

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

| Portable phones are able to detect signals from
about 10W (yes, 0.1 pW!!) to some mW

A We should use a logarithmic scalkecibeld

11
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A But what is @ecibe?

i It is a logarithmic & dzy Aviich represents a
relation (a priori of power)with respectto a given
reference

I Itis very usefull to represent physical variables
which vary a lot:

GaindB) = 10i0a(_P ) Remember:
ain(dB) =10log IR :
- Gain Is unitless!
V2
Gain(dB) =10log( ) 10log( ) 20Iog( )
REF REF REF

R 12
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A Lets do some math:

Py Gain(dB) = 20log( v
VREF

Gain(dB) = 10log( )

REF
U What is the gain(in dB) of an amplifier havingan input
powerof 1 mW andoutput powerof 1 W? Answer30dB

U What is the (power) lossin an attenuator whose input
voltageis 1V (peak)andoutput voltageis 10 mV (peak)?
Answer 40dB(-40dB)

13
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A With Decibeldn mind, we may know think
aboutpower unitd! Units commonly used:

I dBm (dB scale with respect to 1 mW)
I dBW (dB scale with respect to 1 W)

0dBW=1W 10dBm=10mW =- 20dBW

OdBm=1mW - 20dBm=10/MV = - 50dBW

Shortrange wirelesstransceiversgenerallytransmit power levels
around0 dBm(1 mW)andare ableto receivesignalswith a power
level down to about -100dBm (10 W). In this latter case,the
signalin the (50 K) antennahas2.2 mvy,,d!

14
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A Lef's use hereafter the signal source below.

Pobe | |oad
~ Signal Source |47 I0ad_current Load

Calculate

load voltage

+f P 1Tone .

5 | 1% | peakvoltage
Num=1 R=50 Ohm

zsoom 0o | 1 | andcurrent
= P=polar(dbmtow(0),0)

| F“*‘F“G”Zt || inthe load

Power in dBm 15
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A Check the numbers:

time=1.002nsec load_power=load_voltage*load_current.i
load_voltage=316.2mV
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(=)} <) 4
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g . g .
< 1004 9 ]
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8
S_

load current.i, mA
N o
| |

I L L L L L
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time, nsec 16
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A How does an RF signal source look like?

oo | Bl

I
i)

y Spectrum

Signal analyzer

source

17
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A Compare with our simulation model:

Frequencxbower ............

=il ;o P_1lone. . . .
| )]

(o | PORTI
o | e Num=1

: Z—SU Ohm

&

=1 P=polar(dbmtow(0),0)

Freq=1 GHz gl

i

‘Hel=i ]
_F'—*@*'W*" j
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A What about our spectrum analyzer?

It works as a

nominally) 50K load!
50X ( y) :
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A And what about the oscilloscope???

We will use the
oscilloscope to see
the signals in the

time domain

1 MK//11 pF
Until 10 MHz, its impedance is about
30 x greater than 5K (open circuit!)

20
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A Are you ready for th€ UNP?? Les MEASURE

We will use
this setup:

21



|
: o
Introduction to REWiIdN 2N
measurements Modelirig, Mieroelect

A Set the source t6 dBm 1 MHz

4
S

Check the numbers!!
(look closely ) 22




