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Topicos:
I ARohde & Schwarz;

1 AplicacOes e nocbes basicas de EMC;

I Fatores que tornam possivel utilizar o RTE/RTO para Debugging de EMC;
1 Analise de FFT para medidas de Espectro;

1 Teste de EMI — Emisséo conduzida e radiada;

I Equipamentos para um setup Bésico;

1 Vantagens de um setup com RTE/RTO.
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A Rohde & Schwarz

I Ha mais de 80 anos, a Rohde & Schwarz é
sinbnimo de qualidade, precisédo e
inovacdo em todos o0s campos da
comunicacao sem fio. Esta
estrategicamente baseada em quatro
pilares: teste e medicao, transmissao e
midia, comunica¢des seguras, seguranca
cibernética, radiomonitoragem e
radiolocalizacdo. Com sede em Munique
(Alemanha), tem uma presenca global e
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A Rohde & Schwarz

A Qualidade da engenharia alema disponivel no Brasil
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A Rohde & Schwarz
Rohde & Schwarz do Brasil

1 Presenca no Brasil ha mais de 20 anos

I Subsidiaria R&S desde 1999

1 Sede em Sao Paulo-SP

I Bases remotas e distribuidores para tornar
a nossa presenca mais proxima dos clientes
1 45 funcionarios

1 Service & Calibracao

1 Fabrica de Transmissores de TV

I Suporte pré e pos-venda
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Definicao de EMC
Electro-Magnetic Compatibility

1 "The ability of devices and systems to operate in their electromagnetic
environment without impairing their functions and without faults and vice versa,
l. e. to ensure that operation does not influence the electromagnetic
environment to the extent that the functions of other devices and systems are
adversely affected".

= Compatibilidade Eletromagnética: capacidade de um
equipamento eletronico ser "bom vizinho eletromagnético®.

Ele ndo emite, nem é suscetivel a interferéncias
eletromagnéticas (dentro dos limites das normas aplicaveis).
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Tokyo:

Ministry investigates accidents

In factories: In six cases

"experts are convinced that
electromagnetic waves initiated
the electronic control circuits of
the robots to work unplanned
and uncontrolled”
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Rodovia com blindagem de RF

-German motorway close to the AM transmitter station "Heusweiler":
= radiation power 100 kW /1.5 MHz /
= fieldstrength on highway: 250...300 V/m
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Exemplos militares

- Crashes of the "Blackhawk" helicopter
of the USA Navy (=100 by rumour),
caused by susceptibility of onboard

electronics to electro magnetic fields.

Crash of a "TORNADO"
fighter aircraft of the
German Air Force

at Rosenheim, caused
by the fields emitted by
"Radio Free Europe".

- Lab of the EMC Competence Centre
of the German Armed Forces (WTD 81):
Reaction on the crash of the TORNADO
at Holzkirchen. Project costs: Approx. 25 M€
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Orgdos Regulamentadores

» International Electrotechnical Commission — IEC

» Comité International Spécial des Pertubations Radioélectrigues — CISPR
» International Organization for Standardization — ISSO

» European Standards

« European Committee for Standardization — CEN

» European Committee for Electrotechnical Standardization — CENELEC

» European Telecommunications Standards Institute — ETSI

» Federal Communications Commission - FCC
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Fontes de interferéncia

natural sources
atmospheric noise

galaktic noise
electrostatic discharge

ROHDE&SCHWARZ

interference
source

2 o

technical sources

intentional
RF generation

(narrowband

high RF energy}\

telecommunications non-telecommunications

radiocommunication navigation

telefone diathermy
microwave ovens
induction heating plates

unintentional
RF generation

{broadband
low RF energy)

computers

energy distribution
power electronics
commutating motors
car ignition systems
electric arc welding
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Propagacao de sinais interferentes

conducted Interference radiated Interference
coupling via leads
and el. components / \
near field coupling far field coupling
coupling via coupling via
inductive and electromagnetic
capacitive field waves
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Compatibilidade Eletromagnética

Electromagnetic Compatibility

EMC
Emission Susceptibility
EMI EMS
Emission Immunity
Conducted Radiated Conducted Radiated
Emission Emission Susceptibility Susceptibility
(CE) (RE) (CS) (RS)
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COMPANY RESTRICTED



Ambientes de teste

EMC Test Sites

OATS Shielded Room
Open Area Test Site
1 I 1
without absorbing with absorbing
material material

open area shielded room anechoic chamber

open area with radom reverberation semi-anechoic
chamber chamber
TEM transmission compact anechoic
line (Crawford cell, chamber
“Jacky”) TEM transmission
amplifier room, line (GTEM, S-Line)
control room
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Ambientes de teste

1 Por que uma Camara Blindada é necesséaria?
= O campo de RF nao deve causar disturbios no ambiente
= O ambiente ndo pode causar disturbio na medicao

1 Tipos de camaras blindadas:
= Semi-anechoic chamber (SAC), fully anechoic chamber (FAC)
= Shielded room without absorbers
(amplifier room, control room, room for conducted measurements)
= Shielded test cell (S-Line, TEM cell, GTEM cell)

1 Considere 0s seguintes aspectos:
= Tamanho da camara, tipo do absorvedor e disposicao, faixa de frequéncia
= Infraestrutura: Rede elétrica, luz, ar condicionado
= Interface para os instrumentos: filtros, feedthroughs, extensao IEEE 488, pontos de
conexao: nao deve invalidar a efetividade da blindagem!
= Evitar o armazenamento de equipamentos na camara durante as medicoes!
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Exemplo de ambiente de teste
Campo aberto (OATS)
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Exemplo de ambiente de teste
Camara Semi-Anecdica

Vista superior VAAAAMAANAY WAV

**L@

CP1 D
Semi Anechoic Chamber

(SAC)
MWWV
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Exemplo de ambiente de teste
Sistema de Teste

Fan Unit installed in Top
Tost Sysior

L e P E&ff@TS-PDU Mains Switch and Filter
= — =Hll—— ni

R&S®ESRT7 Test Receiver

R&S®0SP130 Open Switch and
Control Platform

HI-6100 Field Monitoring System

R&S®SMB100A Signal Generator

R&S®NRP2 Power Meter

R&S®BBA150 Amplifier
0.8 to 3 GHz, 200 W

R&S®BBA100 Amplifier
9 kHz to 400 MHz, 125 W

COMPANY RESTRICTED
ROHDE&SCHWARZ



Exemplo de ambiente de teste
Sistema de Teste
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Exemplo de ambiente de teste

Camara Semi-Anecoica
Vista lateral

l1to3m
radiating
_antenna
— " " ln
/ T
optional anechoic material

to reduce floor reflections
from RF

power
generator
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EUT

wooden
to
monitoring
system
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Exemplo de ambiente de teste
Camara Anecoica na RSA
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Exemplo de ambiente de teste

Camara Anecodica na RSA

|

IR

\
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Exemplo de ambiente de teste
Instalacao tipica
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Exemplo de ambiente de teste
Camara Anecdica do INPE - BRASIL
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Exemplo de ambiente de teste
Camara Anecoica da Audi (Alemanha)
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Exemplo de ambiente de teste
Camara Anecoica na Base Aérea de Edwards (USAF)
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Exemplo de ambiente de teste
Camara Anecoica na Base Aérea de Edwards (USAF
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Exemplo de ambiente de teste
Camara Reverberante da Philips
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Exemplo de ambiente de teste
Célula GTEM
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Exemplo de ambiente de teste
Camaras compactas

CMW-Z10
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E possivel utilizarmos um osciloscdpio
para medidas de EMI?
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{1/ Sim!

-Com 0s osciloscopios de alto

desempenho R&S RTE e
R&S RTO. Gragas ao

excelente desempenho no
dominio da frequéncia.

CCCCCCCCCCCCCCCCC
ROHDE&SCHWARZ



Diferenciais

| Front-end de baixissimo ruido

=Permite medicbes de sinais de baixa amplitude até 6 GHz;
«A Largura de banda maxima do instrumento esta disponivel a partir de 1mV/div.

I Altissimo range dinamico

*Medidas de sinais altamente dinamicos, por exemplo: Tensédo de comutagéo de fonte de
alimentacao;

"Medidas de Espectro com alto range dinamico (aprox. 112dB).
I Display Touch Screen com Techologia Smart grid e layout ajustavel

= Mantém o range dinamico em sua escala maxima mesmo quando visualizados multiplos
sinais na tela;

= Visualizacéo de até 12 sinais no dominio do tempo e de frequéncia e 16 sinais digitais (28
sinais no total).

I Sistema de trigger digital de altissima precisao
= Alta sensibilidade e zero jitter para todos os tipos de trigger (edge e “triggeres” inteligentes)
= Captura de pulsos com largura de até 100 ps (50 ps para os RTO2044 e RTO2064);

I Altataxade atualizacéo de tela para sinais de até 6GHz
= 1 Milhdo de formas de onda por segundo.
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Front-end de baixissimo ruido
Alta sensibilidade

1 O piso de ruido afeta diretamente a sensibilidade do osciloscopio. E
determinado pelas caracteristicas de ruido dos componentes no caminho
do sinal do front end.

R&S RTO200x 0.08 mV 0.08 mV 0.11 mV 0.17 mV 1.30 mV 13.7 mV

Beneficio do baixo ruido:

- Melhor margem de teste, faixa dinamica mais alta no dominio da

frequéncia, melhor visualizagao de sinais de baixa amplitude

I Resultado: Largura de banda total disponivel
a partir de ImV/Div(RTQO) e 500uV/Div (RTE)

1 Alta isolacéo canal-canal (>60dB)

1 ENOB > 7 Bits
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Alta Taxa de aquisicao

>1 000 000 wfms/s

Blindtime: R&S®RTO and conventional oscilloscopes

Waveform acquisition cycle

Probability to catch rare signal faults: depending on acquisition rate

(10 faults/s, 1k RL, 10ns/div)

100

90

99.5 % blind

Conventional architecture: 50 000 waveforms/s
-

R&S*RTO architecture: 1000000 waveforms/s

Active acquisition time Blind time

80

70
60

50
40

30

20

10
0

probability for fault detection (%) —

/'/ --“'""-"""—__- ] ?E;:t?EUiSitiun
[l ] — 1000000
[1/ 1 A — 250000
I 1/ // __~+ — 100000
17 _ R
7 — —100
o]

I/l | A

/

0 20 40 60 80 100

measurement time (s) ——

Average measurement time required until a signal error is displayed (as a function of er-

ror rate and acquisition rate)

Error rate Acquisition rate [waveforms/s]

100 1
100/s Th:55min: 08¢ 1 min
10/s 19h: 11T min:17s 11 min
1/s 7d:23h:52min:bbs 1 h: 55 min
0.1/s 79d:22h:49min: 15 s 19h:11 min

10 Gsample/s, 1 ksample recording length, 10 ns/div, 99 9% probability of detecting the error.

ROHDE&SCHWARZ

0000
:09s
:31s
:08s
17s

100000

1 min
11 min
1 h:55min

69s
:09s
:31s
:08s

1000000
07s
69¢c

1 min:09s
1T min:31s
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Poderosa Analise de FFT para medidas de Espectro
Aceleracao de Hardware — Fast FFT

I Analise de espectro baseadoem I Mascara de teste em FFT e correlagao
FFT: potente e amigavel com o dominio do tempo

typ | T Setup

Frame sotup

Span/

frt Naglancs

Gtop freguency

i Memuements |
Stup

Implementacéo de overlapping de FFT => _ ) o
Display com resposta rapida modulada em cores, Violagao da mascara -> Para a aquisicao
MODO PERSISTENCIA
COMPANY RESTRICTED
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Poderosa Analise de FFT para medidas de Espectro
Novo Approach: Conversao digital

Célculo da FFT em osciloscopios convencionais

Dominio do tempo Dominio da
mm mm frequéncia
— "t »Janelamento— FFT > (%oo;n) >
Amostras 12 ‘ > f
fl f2
Aquisicéo de dados Display

FFT no RTO — novo approach com conversao para frequéncia baixa

Dominio do tempo DDC Dominio da
Converséo frequencia
heasd [ g SwW {
— 7t [ digital f, »Janelamento—* FFT [—* Zoom
AmOStraS Span fl...f2 A (f3IIIf4) f f f
A (HW Zoom) 3. 4
Aquisicao de dados HW: Npp = 2048 Display

SW: Neer > 2048

=> Mais rapida e eficiente

COMPANY RESTRICTED
ROHDE&SCHWARZ



Poderosa Analise de FFT para medidas de Espectro
Novo Approach: Sobreposicao de FFT

I Osciloscopios convencionais
—FFT em uma aquisicao completa

Primeira aquisi¢ao Segunda Terceira
FFT 1 FFT 2 FFT 3

1 RTO
—FFT pode ser separada em varias FFTs ou sobrepostas

« Primeira aquisi¢ao " = Processamento rapido,
«— FFT1 —9«— FFT2 —9«— FFT3 —«— FFT4 4>{ Atualizagao de tela mais
rapida
—— FFT1 — —> |deal para encontrar
le—— FFT2 — detalhes esporadicos
e—— FFT3 — dos sinais em analise
50% de sobreposicao — FFT4 —
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Poderosa Analise de FFT para medidas de Espectro
Analise Tempo-Frequéncia

FFT: 50% de sobreposicao (padrao)

Setup FFT Setup FFT Magnitude/Phase @ FFT Gating Math @

— _Enable math signal ate Settings
= Use gate  Show gate
i O
‘Gate Definition
' EZoom coupline

> .
ﬁAbsolute
=0
Relative

‘ Funcdo Gated FFT: Caracteristica-chave
para EMI Debug!
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Poderosa Analise de FFT para medidas de Espectro
Range dinamico

1 Unico osciloscépio do mundo
capaz de medir até 4 sinais
simultaneos no dominio da
frequéncia com range
dindmico de aprox. 112dB!!

n

YO P PO N TR 7 PR bt...‘ R T < MY TN |
AP ™ g ey

File Edit Horizontal Trigger Vertical Math Cursor Meas Masks Search Display User

1 Definicdo de range dinamico:
= Menor sinal visivel pelo instrumento na presenca de um sinal maior;

= Reflete a magnitude Delta entre o Espectro fundamental e o piso de ruido.
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Poderosa Analise de FFT para medidas de Espectro

Medidas adicionais
SRR FFEREmTYS P ERO0 R

A ) m?memﬂn e
Poténcia de Chometowr )| 20

Canal
(Channel Power)

Measurements % |
—_—

$etup Gate/Display Long Term/Statistics On Vielation

State  Source Statistics Limit check

Banda ocupada R . oy -
p m g?.-q “ Spectrum Dmst
= Main Measurement
Largura de M oo R
Banda (BW) E Additional Spectral Measurements
Distorcéo £ ' REBAL posmRr. . .=
Harménica total | - sandwiae
(THD) i
o
=

N dB down Channel BW Channel CF Occup. BW Nolse re)ect

File Edit Horizontal Trigger Vertical Math Cursor
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Poderosa Analise de FFT para medidas de Espectro

Mais configuracoes,

Max-Hold*,

Average, RMS

. -
o, € . 0
! iy Advanced 100)
o Opera R =
(W
F o
Basatmode Enveloj
|~ % Average |
— RMS
- )
~5
T ‘n

100 dB|

Multiplas FFTs

Verde: Max-Hold
Violeta: Espectro atual,
graduado em intefTsrerade

*Note: Envelope = Max Hold

ROHDE&SCHWARZ

mais vantagens

Ajuste de unidade

Math 4 path 3

Setup FFT Setus FFT Magnitude/Phase

able math signay  **-=~

M1 R
(il

Fator de correcéao
da LISN

e
Setup  FFT Setup FFT Magnitude/Phase FFT Gating Math (%]

~ Enable math signal Arithmetic
Average count
Mode
|
[
|

ﬁ Basic Eﬁ Adv-—d
Reset mode

i~
~2
il llone
fertical scale | @ Time
&
Ll (

=
=
~
=
=
)
3
=
+
=
=

3
Waveforms

Horizontal (X)

Resolution = 2
b Resolution ADC sample rate
Record length ( 400ps L. 30GHy)

Interpolated ADC samples

ﬂAuto adjustment Samples

Use this mode to
ensure a time
resolution independent
from the horizontal
scale unless record
length limits are
el

————

Record length limit Record length Acquisition time
_ﬁlrﬁy 1 MSa) _ 400 ps)
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Poderosa Analise de FFT para medidas de Espectro

I Novo Approach com conversao digital para baixa frequéncia e sobreposicao de
FFT;

I FuncOes adicionais de medicao;

1 Alta velocidade de processamento em combinac&o com persisténcia no display
prové impressao de espectro ao vivo;

Conclusao:

—FFT no RTO é muito poderosa

—>Approach de implementacéo e ferramentas padrao faz do RTO um
osciloscopio unico no mundo, tornando-o uma alternativa excelente na
montagem de um Setup de EMI Pré-compliance!
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Teste de tensao EMI: Setup basico

< >200 cm >
‘ A .
Aterragem de referéncia
Dispositivo
em teste
> 200 U LISN
=
N\ Recelver ou
R\ — ‘ | Espectro
A “4——80cm >
v
>80 cm Mesa|fle madeira
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Teste de tensao EMI: Setup basico

< >200 cm >

A
Aterragem de referéncia

Dispositivo

em teste
> 200 U L|®S®N

% \ \40cm ~ = E .
\ N Recelver ou
\' S _ S : 30 to 40 cm T : | Espectro
. ~
A - ~<4—1—380cm >
v .
~80 cm Mesa|de madeira

COMPANY RESTRICTED
ROHDE&SCHWARZ



Teste de tensao EMI: Setup basico

>200cm >

<

A

> 200

Aterragem de referéncia

Dispositivo

em teste
U LISN T

¥, 40cm

== e

TN
BN ~_ ~__ 30to40cm
\\\ ) \\
h .
A ~4—380cm
.
>80 cm
\\\\\
v

ROHDE&SCHWARZ

Mesa

de madeira
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**Novo** "RTO Debug”

> Rohde &

File Sy

Measuremer|

File  System CISPR  Help

Meazsurement Corfiguration | Frequency Graph | Time Domain Graph | Screen Copy | Limit Line \ﬁewerl

Frequency & Time Domain Settings

Start Frequency 150000

Stop Frequency 30000000

Resolution BW 5000

Reference Level 50

Full Scale Range 100

Measurement Time

FFT Traces & Limit Lines

Trace Mode

FFT Trace 1 Envelope

FFT Trace 2 Average

Gated FFT

Setup RTO

Record Length 100000
Input Volt /Div 0.01

Input Coupling 500bmDC -

Transducer
Factor o

{Only a single value is supported)

Show TimeDomain View

Limit Line Averages

EN55015QP : 10

< NONE >
ENB5011AV
EN55011QP
ENB5011R-10M
EN55011R-3M
ENB5015AV
ENB50Z2AV
ENB50220F
LTempIate

Same as Trace 1

asurement Time /10

Auwndllary Con

[T Oveday all FFT traces ] Grid Enabled

Setup Instructions
Select Setup —>  Conducted Measurement Setup -
1. Comnect the LISN to BTO CH1 using a BNC cable
2. If needed, enterfedit Transducer Factor for
the LISN. Typical walue is 10 dB. Please
note that only a2 single value is supported
- Use the CISPR drop down menu for guick config
of the settings in CISPR band A-D or modify
the frequency and time settings as needed

. Configure traces & limit lines as needed

- Click <Setup RTO> to setup the measuremsnt

Color Setting Mask Test Control

Spectrum Stop On Violation

FalseColors [ Stop On Violation

Temperature

Crosshair Enabled

|| RTO ready

ROHDE&SCHWARZ
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“*Novo™ "RTO Debug’

ohd

File  Systemm  CISPR  Help

File  System File  System
Measurement Corfiguration | Frequency Graph | Time Domain Graph | Screen Copy | Limit Line Wiewer

Measuremertt Confiffl| Measurement Confi

I 2013-03-12
Amplitude | Amplitude | ) 10:26:43
50 50 Picture Fomnat Horizontal settings
PNG - - Sars
80 40 Nomal / Inverse
NORMAL -
70+ 30—
60— 20—
B0 — 10— Get Screen Copy
40 0-
Sawve Screen Copy
30 10 to File
20 20 | f ' T . ! lID“ILHis.lur;l
10 -30 Clear Screen Copy
0+ 40 —
-10H -50
1004
‘ Get All FF ‘ Get Time
RTO ready RTO ready RTO ready
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**Novo** "RTO Debug”
Visualizagao de "Limit Line”

At the moment, no Limit Line editing is possible from this view

Please Edit / Create Limit Lines directly in the Limit Lines folder

Clicking on a Limit Line in the Avaliable Limit Lines table will display the values for that Li

£ . - | a x
File  Systen  CISPR  Help
| Measurement Corfiguration | Frequency Graph | Time Domain Graph | Screen Copy | Limit Line Viewer
Availzble Limit Lines Limit Line :  EMN55015QP
ENBRO11AV ; ;
ENBE0110P Frequency (Hz) Level {dBuVv) 120
EN55011R-10M 5000 110
ENB2011R-3M
ENBE015AY :gggg 1;[;}
ENBE0153P 100
EM55022AV 150000 20
ENBR0Z2GP 150000 66
Tempiate 500000 56 b
5000000 56 80 N
K000000 &0 Level
30000000 &0 (dBuv) |
&0 | Template.txt - Motepad — Em
File Edit Format View Help
\|# Template file for Timit Tines. -
40 # add Frequency : Level pairs to form the Timit Tine.
# save the file as a #*.txt file.
# Delete this info before saving the file
20 #EN55011AV - Average Detector
#
0.001 0.01 0.1 #Frequency(Hz) Level (dbuv)
#
150000 : 56
o 500000 : 46

3000000 : 486

3000000 : 50
30000000 : 50

| RTO ready

ROHDE&SCHWARZ
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Testes de EMI - Emissao Conduzida

* Emissao conduzida usando LISN
* 9 kHz — 30 MHz

Spectrum

o
v
Ref Level 80.00 depy @ RBW (CISPR) 9 kHz
Att 10de  SWT 3.75 vBW 100 kHz ~ Mode Auto Sweep
TDF
@ 1Pk Max@2Pk Clrw
Limit Check i i 1 MHBASS | 10 MHz
Line EN53015Q | | PASS Vo
70 dBuv : -
ENSS0150Q
60 dBpY——F—— T
5 |daum‘ I — : :

A

i
bt i

E—

‘
“h

0 dBpv
-10 dBpv
Start 150.0 kHz 691 pts Stop 30.0 MHz
P—
[ il T Measuring... (TTTITIT] ) e T
e: Z.MAR.2012 11:11:51

* FSV trace 1 = Max hold / Pos Peak

RTO FFT1 = Normal mode

* FSV trace 2 = Clear Write / Auto Peak RTO FFT2 = Envelope mode
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Testes de EMI - Emissao Conduzida

* Emissao conduzida usando LISN
* 9 kHz — 30 MHz

Spectrum

o
v
Ref Level 80.00 depy @ RBW (CISPR) 9 kHz
Att 10de  SWT 3.75 vBW 100 kHz ~ Mode Auto Sweep
TDF
@ 1Pk Max@2Pk Clrw
Limit Check i i 1 MHBASS | 10 MHz
Line EN53015Q | | PASS Vo
70 dBuv : -
ENSS0150Q
60 dBpY——F—— T
5 |daum‘ I — : :

A

i
bt i

E—

‘
“h

0 dBpv
-10 dBpv
Start 150.0 kHz 691 pts Stop 30.0 MHz
P—
[ il T Measuring... (TTTITIT] ) e T
e: Z.MAR.2012 11:11:51

* FSV trace 1 = Max hold / Pos Peak

RTO FFT1 = Normal mode

* FSV trace 2 = Clear Write / Auto Peak RTO FFT2 = Envelope mode
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Testes de EMI - Emissao Conduzida

* Emissoes conduzidas usando LISN
*9kHz —1 MHz

Spectrum I

Ref Level 80.00 dBpv @ RBW (CISPR) 9 kHz

Att 10de SWT 298.5ps  VBW 100 kHz  Mode Auto FFT
TDF

@ 1Pk Max@2Pk Clrw
Limit ¢heck

Line EN55015Q
70 dBpv

| Q.
60 dBpv

- I —

s A
50 dBpv et

40 dBuv;

30 dBpv;

e A
yﬂw e
T Nild

LN L A el
—— T'[{Z = ing... [T ) e
* FSV trace 1 = Max hold / Pos Peak RTO FFT1 = Normal mode
* FSV trace 2 = Clear Write / Auto Peak RTO FFT2 = Envelope mode

COMPANY RESTRICTED
ROHDE&SCHWARZ



Testes de EMI - Emissao Conduzida

1 Linhas limite=> Use a ferramenta de mascara

Upper para linhas limite Definicdo da mascara FFT

y 13
Test Definition  Mask Defini o' Event Actions / Reset ' Mask Display 2 'Sks Reg I ao
g ition type ) Su perior

Mask segments I efinition of segment:

=1 | Rescale | aglndo
- 9 kHz Offset x| .

— como linha

Factor X

150 kHz . .
50l Offset Y I " I l Ite
500 kHz Ty

5 MHz Y

5 MHz

Factor Y
mu

Parar aquisicdo na violagéao é util!

I Dica: Utilize a memoria interna do RTO para armazenar as mascaras de
acordo com as normas da IEC e CISPR. Se preferir utilize a porta USB no
painel frontal para armazenar as mascaras em flash drives
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Testes de EMI - Emissdo Radiada

R&S ® RTO

S PN BB A B s

Probe de campo
proximo
R&S ® HZ-15

30 MHz -1 GHz
Pode ser usado até 100 kHz

JEy RS Opcional:
P T B R&S ® HZ-16

] Preamplificador
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Testes de EMI - Emissdo Radiada
Exemplos:

1 A) Problemas durante teste de compllance

60

1
;DM iﬂ 60 80 100M \ 200 400 500 800 16
Ruido da fonte Emissédo

de energia Pico banda larga continua
desconhecido

= |dentificar o local da emissao no circuito
= Entendimento do comportamento do sinal para identificar a fonte

1 B) Falhas na blindagem de dispositivos
Problema em teste de compliance

\ 4

Avalie a blindagem instalada no DUT
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Instrumentos para um Setup basico:

ROHDE&SCHWARZ

Modelos recomendados por
aplicacéao

Apenas emissdo conduzida:
Modelos a partir de 200MHz

Emissao radiada e conduzida:
Modelos de 1GHz

Step 1: choose needed bandwidth and channels

G600 MHz
1 GHz
2 GHz
3 GHz
4 GHz
6 GHz

2 channels

RE&S*RTO2002
RE&ES*RTO2012
RE&S*RTO2022
RE&S*RTO2032

4 channels

RES®ATOZ2004
RES*RATO2014
RES®RATOZ2024
RES*ATO2034
RES*ATOZ2044
RES*ATO2064

Upgrade de largura de banda disponivel!!!
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Instrumentos para um Setup basico:

Probes de campo proximo

R&S ® HZ-15 HZ530 HZ540/550
Campos E- H Campos E- H
Small size i)
No battery ;
needed == = |
Probe single 1
circuit lines -
30 MHz - 3 GHz 100 kHz — 1 GHz 1 MHz — 3 GHz
Pode ser usado até 100 kHz
R&S ENV216 HM 6050-2 LISN

I

A o8 el e
"‘i‘) S q %

. ‘/. a4 ‘:\ 3 — —— —

. |
L —
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Vantagens de um setup com RTE/O:

Versatilidade:

O RTE/O podem ser utilizados em outras aplicacdes :

» Debug de protocolos seriais: I12C, SPI, UART/RS232, CAN,LIN,FLEX-RAY, 12S/TDM/LJ/RJ.
» Poderoso MSO com 16 canais digitais, 5GSa/s / 200M pontos por canal;

= USB Compliance Test;

= Analise de Poténcia;

»= Andlise de dispositivos com tecnologias NFC / LTE / MIMO;

» Medidas de sinais no dominio do tempo e frequéncia simultaneos e correlacionados;

Economia:

= Um Setup basico de EMI com o RTE/O fica em média 20% mais econdmico que a mesma
configuracdo considerando um Receiver.
: __E"jﬁ_:it"_'" il M |

[ s v i
e U ey

—

=

COMPANY RESTRICTED
ROHDE&SCHWARZ



Vantagens RTO vs. Receiver:

RF carrier (time domain view) FFT Gate step size = 400 us 2012-03-16

14:33:37
Diagram2: Ch4
—_6dBm Diagram4: M3

— -20 dBm

— -30 dBm

—=2d4Em RF carrier, Gating ON
— -50 dBm

— -G0 dBm . .

| snam  (freqg domain V|ew)

-20-dBm

7] o0 g 515 MHz 820 hHz ! 855 hHz 260 hHz

Diagram3: M4

RF carrier, Gating OFF
(freq domain view)

Serial decoding of SPI data
sck MM
L

MOST

B1: wost [ 000SFO19R ) |

- “VCC“)'Tu-n.i-ng Voltage.m
C

E-.ﬁi,QD M= -400 ps 0s 400 ps 200 p= 1.2 ms 1.6 m= Z2ms

“VCO is programmed to move from 825 MHz to 845 MHz (single shot)
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Osciloscopios Rohde & Schwarz
Desenvolvidos por especialistas em T&M

O mais completo portélio de produtos para aplicacoes avancadas
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Obrigado!

e rEs

O verdadeiro Scope-of-the-Art.
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