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Wireless Is Everywhere

� Wireless connectivity is expanding
– This year, more than 2 Billion cell phones and 

> 1 Billion embedded systems with wireless 
networking will ship

– Enabled by inexpensive, off -the-shelf 
components

� Many buses, many signals
– Verify power, memory, I/Os and now 

wireless interfaces
– Test plan expanding as well (e.g. EMC)

WLAN
Bluetooth

Zigbee



Spectral Analysis

Analog and Digital
Signal Analysis

Testing Wireless Embedded Systems



Oscilloscopes: 
Measure Amplitude vs. Time
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� Simple example: Sine Wave
– Vertical axis is amplitude
– Horizontal axis is time
– Frequency is # cycles / unit time



Spectrum Analyzers: 
Measure Amplitude vs. Frequency
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� Simple example: Sine Wave
– Vertical axis is RMS amplitude
– Horizontal axis is frequency
– A spectrum analyzer filters out all frequencies except one range of 

interest at a time (more on that later).  In effect it’s a frequency specific 
power meter.



Why Analyze Signals in the 
Frequency Domain?

� Noise
– All active circuits generate noise, how much 

does it impact the overall design?
– Where is the noise coming from? (EMI)
– Signal to noise measurements

� Distortion
– What appears to be a clean sine wave on an 

oscilloscope may have harmonic components 
that aren’t readily obvious in the time domain 
but they are easily seen in the frequency 
domain

� Communications
– Modern wireless communication techniques 

are inherently frequency domain oriented
– Allocated frequency bands
– Defined communication channels
– Need to confirm aspects such as occupied 

bandwidth, modulation quality, etc.

Modulation

Noise

Distortion



RF Fundamentals

� …a look at Frequency Domain measurement details

–Scope-based FFTs vs. Spectrum Analyzer
–Spectrum Analyzer “blind time”
–Resolution BW and observation time
–BW specs of Scopes and Spectrum Analyzers
–Dynamic Range



� Scope FFTs typically show DC to (Sample Rate / 2) Hz

Center Frequency and Span

� Spectrum analyzers are typically set to a precise frequency called the Center 
Frequency (because it’s at the center of the display)

– Typically the carrier frequency

� The range of frequencies observed around the Center Frequency is referred 
to as the Span Span

Center Frequency



Capture Bandwidth
� Capture bandwidth is the amount of the spectrum that can be 

acquired at once

� Wideband capture may need multiple sweeps 



� RBW determines to what level individual frequencies can be resolved 
in the frequency domain

� All power within the RBW looks like a single frequency

� If there are two carriers separated by 1 kHz you will not be able to 
discriminate between them until the RBW is less than 1 kHz

Resolution Bandwidth (RBW)

Two views of the same signal� Speed vs. Resolution 
tradeoff
– Lower (narrower) RBWs 

take longer but have 
finer frequency 
resolution and a lower 
noise floor

– Higher (wider) RBWs 
go faster but have less 
frequency resolution 
and a higher noise floor Wide RBW Narrow RBW



� Scopes specify Bandwidth which is DC to the -3dB point

� Spectrum analyzers specify a frequency range instead
– This is the range of frequencies that can be analyzed 
– The band is flat within that range rather than rolling off like a scope
– Often starts at 9kHz or 100kHz and goes to multiple GHz

– Spectrum analyzers front ends generally don’t tolerate DC like scopes

Input Frequency Range

30%

At the -3 dB point 
(bandwidth), the measured 

signal will have 30% 
amplitude degradation
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� Dynamic Range is a measure of the ability to view a weak signal in 
the presence of a large one

� ‘Spurs’ are lower amplitude signals that may or may not be of concern

� SFDR is critical because it lets the user know if the spurs they’re 
seeing are truly part of their signal or not 

– Basically, if the signal rises into the SFDR then you know it’s real
– Below the SFDR it could be real or it could be from the instrument

� To make accurate measurements on a signal, the distortion created 
by the spectrum analyzer must be well below the levels being 
measured

Spurious Free Dynamic Range (SFDR)

Carrier

Spurs (are these real?)What’s my 
SFDR?



Today’s Measurement 
Challenges



Wireless Everywhere

� Many embedded system designs are now wireless-enabled

Estimate that 38% have wireless functionality

� Enabled by cheap off-the-shelf components and modules

Complete Zigbee radio module for less than $2.50 

� Must test interaction of many components in many domains

Over 64% of oscilloscope users also need a spectrum analyzer



Multi-Domain devices demand Multi-domain analysis

� Multi-domain devices introduce new challenges to characterize the 
integrated RF technology in the designs:

– Is the Bluetooth IC broadcasting when it is supposed to?
– Is the 802.11 chipset being programmed correctly during operation?
– How do I trace the handshaking between transmitter and receiver?
– Are there interactions from multiple RF sources?

� Oscilloscopes fall short; they handle analog and digital well, but can’t 
effectively measure RF signals.

� Spectrum analyzers are very difficult to integrate into this 
measurement environment.

– Particularly when addressing system-level problems where time correlation with 
other parts of the system is important

Need a measurement tool that extends the oscilloscope to allow 
time-correlated frequency domain measurements as well.



World’s First Mixed Domain Oscilloscope

Time
Domain

Frequency
Domain

The only Oscilloscope
with a built-in Spectrum Analyzer



Dedicated 
Spectral 
Analysis 
Controls

RF Input 
w/ N-Type 
Connector 

Mixed Signal Oscilloscope 
Controls

Traditional 
Time 
Domain 
Display

New 
Frequency 
Domain 
Display

Mixed Domain Oscilloscope

See time-correlated analog, digital, and RF in a single instrument



Time-Correlated Multi-Domain Display

When both time and frequency domains are displayed, the spectrum is always 
triggered and time correlated to all time domain waveforms

� Spectrum Time : the orange 
bar indicates where in time 
the spectrum came from 

� Spectrum Time = 
Window Factor/Resolution BW

� In this case:  
Spectrum Time = 7.4µs

� Spectrum Time can be moved 
via Wave Inspector



A note on Spectrum Time
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Spectrum Time = Window Factor/Resolution BW

- FFT’s do not like samples that change during the 
acquisition

- It is important to select the Window function that 
best represents the expected receiver system

- It is important to select the RBW that 
encompassed the TIME of the event



An Example of Spectrum Time

The turn on of a VCO/PLL is captured.  The SPI bus command tells the VCO 
what frequency to tune to.

� Let’s see what happens as 
Spectrum Time is panned



Wide Capture Bandwidth

Today’s wireless communications are expanding in channel bandwidth and 
allocated spectrum

� Spectrum analyzers typically 
have a capture bandwidth of 
10 MHz

– Some can go to 140 MHz with 
expensive options

� MDO4000 has a minimum of 
1 GHz capture bandwidth at all 
center frequencies!

– Up to 3 GHz at 1.5 GHz center 
frequency

� Can still use very narrow 
RBWs at very wide spans

– Much faster than swept SAs at 
looking at wide spans with 
narrow RBWs

Capturing both 900 MHz and 2.4 GHz ISM 
bands in a single 3 GHz span acquisition



� Three traces available
– Amplitude
– Frequency
– Phase

� Displayed in the time 
domain window for easy 
analysis with analog and 
digital signals

� Easily visualize time-varying 
nature of RF signal

� Measure RF/system 
latencies quickly

RF vs. Time Traces



� Frequency Hopping Signal Example
– Each serial bus command initiates new frequency

� If Spectrum Time moves to the right, will the new frequency be higher 
or lower?

Visualizing Time-Varying RF

Center
Frequency

Current Spectrum
(Before Frequency Hop)



� Current spectrum (almost) aligned with center frequency

� Note some overlap from one frequency to the next

Visualizing Time-Varying RF

Current Spectrum
(During Frequency Hop)



� After transitioning, the signal finally settles to the new frequency

� Perform further analysis as RF Traces are time-domain waveforms
– Latency (cursors), settling time (rise/fall time measurements), etc.

Visualizing Time-Varying RF

Center
Frequency

Current Spectrum
(After Frequency Hop)



Architecture of the MDO
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Front End HW

Architecture Comparison

Capture BW = 
RBW

Capture BW 
usually 10 MHz, 
can go as high 
as 140 MHz

Capture BW = 
Scope BW 
(with rolloff)



Architecture of the MDO4000 Series
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Common Sample 
Rate and Record 

Length Settings for 
Analog Channels

Independent Sample 
Rate and Record 

Length Settings for 
RF Channel

� Dedicated hardware optimized 
for RF acquisition

– N-connector
– Hardware downconversion
– Integrated preamplifier
– RF step attenuation

� RF path based on scope 
design

� Not just a typical scope FFT
– Independent, but time 

correlated acquisition systems 
allow for optimal views in both 
domains

� 60dB dynamic range (typical) 
and up to 6 GHz RF



� Regardless of the source, all triggers are global
– ALL analog, digital, and RF acquisitions are triggered off the same event

� Built-in RF power level detector  is routed to the trigger system

� Standard in MDO4000:
– RF Power as a source for 

Edge triggering
– Enables triggering on RF 

Power turning on or off

� MDO4TRIG application 
module provides RF Power 
as a source for:

– Pulse Width
– Timeout
– Runt
– Logic
– Sequence

Triggered on an 
RF Pulse

Universal Trigger System



Application Example



Example : Zigbee Radio Integration

� Cost
– Material cost vs. engineering and approval cost
– Depends on quantity to be built

� Development time
– Engineering
– Agency approval

� Form factor
– Flexibility to fit in constrained spaces

� Protocol flexibility
– Ability to modify the protocol

� Special requirements
– Microcontroller capability
– Higher power

� Antenna type and placement



MDO4000 and Zigbee Demo Board



Test Setup for Validating Radio Integration



RF Amplitude Trace Added



Resistor Added to Power Supply



Acquisition Triggered on SPI Command



Another Radio Example 

� AM Modulation (ripple) impact on RF



Summary

� Many options for implementing ZigBee or other radios 
– Cost
– Development time
– Special requirements

� Performance must be measured
– Normal operation
– Spurious signals
– Interference

� The Tektronix MDO4000 Series Mixed Domain Oscilloscope is a 
uniquely powerful tool for make these measurements

– 4 Analog channels to 1 GHz
– 16 Digital channels
– RF spectrum analysis to 6 GHz
– Bus decode
– Compact and portable



The MDO4000 Series

Model Analog
Channels

Analog
Bandwidth

Digital
Channels

RF
Channels

RF
Freq. Range

MDO4054-3 4 500 MHz 16 1 50 kHz – 3 GHz

MDO4054-6 4 500 MHz 16 1 50 kHz – 6 GHz

MDO4104-3 4 1 GHz 16 1 50 kHz – 3 GHz

MDO4104-6 4 1 GHz 16 1 50 kHz – 6 GHz

� Up to 21 channels provide 
complete system visibility

� Built-in spectral analysis

� Time-correlated analog, 
digital, and RF in a single 
instrument



Thank You!

� For more information on the MDO4000 Series
– www.tek.com/mdo

� For more information on a FREE test drive
– www.tek.com/testdrive

� Your Tektronix Sales Engineer:

– Scott Zederbaum
– Phone: 732-616-0080
– Email: scott.brian.zederbaum@tek.com


