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The Essential Signal Generator Guide
Building a Solid Foundation in RF — Part 1

Introduction

Eliminate uncertainties and doubts from your test results with a
reliable signal source

The race to get to market faster is a fierce battle. To win the race, you need test
results you can trust. That's why selecting the right instrument for the job is so
important. You simply cannot afford to waste time second guessing your results.

In this first part of our two-part white paper on signal generators, we help you
gain a sound understanding regarding the fundamental specifications of
signal generators, enabling you to make the right choice when selecting a signal

generator.
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In Part 1 of our two-part white paper, we’ll introduce you to signal generators as well as
look at basic specification such as power, accuracy, and speed. We'll be talking about
more advanced features such as modulation, spectral purity and distortion in Part 2.

Section 1. Key Attributes

Understand the components of a signal generator and what makes it unique from other
sources. Explore the types of signal generators available and key specifications.

Section 2. Power

Learn the difference between average power, envelope power and peak envelope power
as well as measurement applications for high/low output power.

Section 3. Accuracy

Have confidence in your measurements. Find out why accuracy matters and which type
of accuracies to look out for.

Section 4. Speed

Speed is everything in manufacturing. Get to market faster and beat the competition.

Learn to read the specs. Don’t be left behind.




Section 1 - Key Attributes

Signal generators comes in many flavors, with a variety of form factors
and capabilities available.

Figure 1-1. Keysight PXle vector signal generator and analyzer.

Form factor: Do you need a benchtop or modular instrument?

Benchtop is the traditional form factor for many signal generators. This is the typical
boxed instrument we usually find on benches and in our racks. The front panel display
and controls on this instrument let you setup and debug failures quickly and easily.
Benchtop signal generators have a comprehensive range of capabilities, from RF to
microwave, and from analog to vector.

KEYSIGHy

Figure 1-2. N5166B CXG X-Series RF vector signal generator.

Another form factor that is gaining rapid popularity is PXle. Due to their compact form
factor, PXle signal generators are often used in applications that requires multiple
channels. PCle Gen 3 now allows for up to 24 GB/s system bandwidth, increasing the
test throughput for high-performance applications such as FPGA streaming of 1/Q data
to a baseband generator or digital pre-distortion (DPD). A PXle signal generator uses
the same software applications as a benchtop signal generator, providing measurement
consistency and compatibility from product development to manufacturing and support.

Find us at www.keysight.com Page 3



Analog, Vector and Agile Signal Generators

Signal generators are also classified based on their capabilities. The earliest signal
generators, like the ones used to test sound equipment, were analog signal generators.
The basic function of an analog signal generator is to supply a continuous wave (CW)
sinusoidal signal. Modern analog signal generators are capable of amplitude, frequency,
phase and pulse modulation as well. The maximum frequency for an analog signal
generator today is nearly 70 GHz.

Vector signal generators are a newer generation of signal generators capable of complex
Quadrature Amplitude Modulation (QAM) schemes. These vector signal generators have
a built-in quadrature (also called |1Q) modulator to generate complex modulation formats
such as Quadrature Phase-Shift Keying (QPSK) and 1024 QAM.

The ability to quickly sweep through a list of frequencies and amplitudes is an important
attribute, especially in manufacturing test. Agile signal generators are built for speed.
These signal generators are able to quickly change frequency, amplitude and phase of
the signal. This functionality is ideal for high-volume wireless device testing.

4 ChL 32Q4M Meas Tme

Figure 1-3. A 32-QAM modulation signal.



Overview of Key Specifications

To select the right signal generator for the job, you’ll need to understand the
performance specifications. Specifications tell you the capability of your signal generator
with three key ones being frequency, amplitude and spectral purity performance. Let’s
look at each of these.

Frequency

The frequency specification defines the range, resolution, accuracy and switching speed
of your signal generator.
e Range tells you the maximum and minimum output frequencies your signal
generator can output.
e Resolution is the smallest frequency change.
e Accuracy is how close the source’s output frequency is to the set frequency.

e Switching speed is how fast the output settles down to the desired frequency.

Elevation: 76 m

Figure 1-4. A spectrum analysis with frequency and amplitude readouts.

Power
Power specifications include range, resolution and switching speed.

e Range is the difference between the maximum and minimum output power
capability of the signal generator. The signal generator’s output attenuator design
will determine its range. The output attenuator allows the signal generator to output
extremely small signals used to test a receiver’s sensitivity.

e The resolution of a source indicates the smallest possible power increment.

e Switching speed is a measure of how fast the source can change from one power
level to the next.
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Figure 1-5. Figure showing power output range and accuracy.

Spectral Purity

Spectral purity specifications include phase noise, spurious and harmonic performance.

e Spectral purity tells you the idealness of your output signal. A perfect signal
generator will generate a sinusoidal wave with at a single frequency without
the presence of noise. However, signal generators are made with non-ideal
components which introduce noise and distortion.

Phase noise is a result of random frequency fluctuations in the sinusoidal wave and

is usually caused by an imperfect oscillator in the system.

e Spurs are non-random or deterministic signals that are created from mixing and
dividing signals to get the carrier frequency. These signals may be harmonically or

non-harmonically related to the carrier.
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Figure 1-6. Signal purity measurements.
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Harmonics are spurs occurring at integral multiples of the fundamental frequency.
Harmonic spurs are caused by non-linear characteristics of components used in the
signal generator. Multipliers are non-linear components needed to generate a broad

range of frequencies and output powers.

Sub-harmonics are spurs with frequencies that are less than the fundamental
frequency. Multipliers used in sources to extend the frequency output are the major
source of sub-harmonics.
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Figure 1-7. Spurious measurement.

Section 2 - Power

Signal generators provide precise and stable test signals for a variety of components
and system test applications. An important specification of any signal generator is
output power range. Often, signal generators need output signals as low as -120 dBm
in receiver sensitivity testing and as high as +20 dBm in RF power amplifier testing. And
they need to achieve this wide dynamic range while meeting key specifications such as
accuracy, spectral purity and noise.

There are several types of power, ranging from average power to envelope power to
peak envelop power. But before we look at each of these in detalil, let’s first understand
the basics of power.

Learn more about our
comprehensive list of
Signal Generators for
all your test needs with
our Signal Generator
Selection Guide here.



https://literature.cdn.keysight.com/litweb/pdf/5990-9956EN.pdf

What is “Power”?

Power is the rate at which energy is transferred and is measured in watts (W). One watt
is equal to one joule of energy transferred in one second.

With direct current (DC), power is the product of voltage and current. It is the same
for alternating current (AC), however with AC, changes in voltage and current cause
instantaneous power to vary in time.

Output power in a signal generator is the average power being output. To get the
average output power, we just need to integrate the area under the P curve as shown in
Figure 2.1.
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Figure 2-1. DC and low frequency power measurements.

O

Amplitude

Talking about dB and dBm
No discussion on power is complete without visiting the dB scale. dB stands for decibel and
is used to express a ratio on a logarithmic scale. The formula to convert a ratio to dB is:

GdB = 10log, (P/P,)

where PO is the reference power level and P is the power level of interest. If P_is 1 mW,
you’ll get dBm. In other words, dBm is referenced to 1 mW of power.

Why use dB and dBm? Well, dB and dBm are useful when expressing very large or very
small values. For example, a ratio of 10,000,000,000 could be expressed as 100 dB and
a ratio of 0.000 000 000 1 could be expressed as -100 dB.

Find us at www.keysight.com
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Another advantage of using dB is it allows you to easily calculate total system gain or
loss. You just need to add for gain and subtract for loss. This is a nice convenience,
especially when you have multistage amplifiers and attenuators in RF systems.

Amplifier A Amplifier B
=P Gain = 5 or 6.99 dB # Gain= 13 or11.14 dB

Total gain=5x13
= 65
=10 log 65
=18.13 dB
Total gain (in dB) = 6.99 dB + 11.14 dB
=18.13 dB

Figure 2-2. Using dB scale, the total system gain is simply the addition of the two
amplifiers’ gain in dB.

What is Average Power?

The term “average power” is commonly used in RF and microwave systems, as

opposed to instantaneous power. Instantaneous power varies too fast to be meaningful.

Average power is the average energy transferred within the time period of the lowest
frequency component. Power transferred is always a positive value, unlike voltage and
current (which can fluctuate between positive and negative values).

Understanding Envelope Power and Peak Envelope Power

In RF power amplifier characterization, you need to understand power consumption
under various operating conditions. Figure 2.3 shows a power measurement of a high-
frequency modulated signal.

The envelope power is determined by averaging the power over a time period that is
large compared to the period of the highest modulation frequency, but short compared
to the period of the carrier. Envelope power allows you to examine the effects of
modulation or transient conditions on power consumption. This is especially important
as many RF power amplifiers go into battery powered mobile devices. Peak envelope
power (PEP) is the maximum envelope power and is an important parameter for
characterizing a transmitter.

Find us at www.keysight.com
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Amplitude modulated signal
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Figure 2-3. Voltage envelope and power envelope of a high-frequency modulated signal.
The upper graph is the voltage envelope of the modulated signal. The lower left chart
shows the instantaneous power of the signal in green, and the average power in red. The
lower right chart shows the envelope power in red.

Understanding the Power Specifications -

When it comes to power specifications, many signal generators’ datasheets will list the '

power output range, resolution, and applicable frequency ranges. There are several Tip: Source match is
points to be aware of: important because

mismatch between

e Qutput amplitude is affected by frequency ranges and operating temperatures.
source and the load

e There are often options for higher output power needs. impedance changes the

e The step attenuator provides coarse power attenuation (in 5 dB steps) to achieve
low power levels. Fine power level adjustment is provided by the ALC (automatic
level control) within the attenuator hold range.

effective signal input
level to the DUT.

e The “Maximum output power” is for continuous wave (CW) mode. Some datasheets
list maximum output power for I/Q modulation. For the Keysight CXG/EXG/MXG
signal generators, power specification, it refers to PEP.
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Output parameters

Settable range +30 to -144 dBm

Resolution 0.01 dB

Step attenuator 0 to 130 dB in 5 dB steps electronic type
Connector Type N 50 Q, nominal

Max output power ' () = typical

Frequency Standard
9 kHz to 10 MHz +13 dBm
> 10 MHz to 3 GHz +18 dBm
>3tob5GHz +16 dBm
> 510 6.0 GHz +16 dBm

1. Quoted specifications between 20 °C and 30 °C. Maximum output power typically decreases
by 0.01 dB/°C for temperatures outside this range.

Table 2-1. Amplitude specifications of Keysight CXG signal generators - Max output power.

Things get a little bit complicated with modulation

Many of the digitally modulated signals appear noise-like in the time and frequency
domain, with peaks occurring seemingly random. How do you ensure you are not driving
your signal generator to saturation during these peaks? The Power Complementary
Cumulative Distribution Function (CCDF) curves tells us how high these peaks will go.
As an example, Figure 2.4 tells us the highest peak to average ratio (PAR) is 5.95 dB.

If the maximum output power of the signal generator is 18 dBm, the maximum
power output your signal generator can be set to is 12.05 dBm (18 dBm - 5.95 dB).
Remember that the signal generator’s power output is average power output. Setting
your signal generator’s output higher than 12.05 dBm will lead to clipped peaks.

Find us at www.keysight.com
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Figure 2-4. CCDF plot from waveform utility of Keysight’s N5182B signal generator. The
signal waveform shows here is a 64 QAM, symbol rates at 1 Msps and RRC (root-raised-
cosine) baseband filter waveform.

Measurement Applications

If you need to go beyond the specified range, you can use an amplifier to increase the
output power or an attenuator to decrease the output power. However, you’ll need to
include the amplifier's gain uncertainty and the attenuator’s flatness and accuracy into
consideration. Here are some test applications for high and low output power.

High output power test applications:

1. Overcome switching losses within automated test equipment (ATE) systems

2. Address the attenuation of signals within long cable runs
3. High-power amplifiers

4. Receiver blocking tests

Low output power test applications:

5. Receiver sensitivity measurement

6. As interference signals
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Section 3 — Accuracy
Avoiding a Speeding Ticket

After months of preparation, the summer vacation is finally here. Excitement is in the air
and you can’t wait to reach your destination. You hit the highway at dawn, hoping to
beat the crowd to your destination. At the same time, you try your best not to exceed
the 75 mph speed limit. Your speedometer is resting directly on top of the 75-mph
mark. You don’t want to go any slower, but you also don’t want to risk a speeding
ticket, which will ruin your vacation. As you speed down the highway, how confident are
you that you are going exactly 76mph? Do you trust your speedometer? How accurate
and precise is it?

Accuracy is often confused with precision. The accuracy of a signal generator is how
close its output value is to the set value. Precision is the degree to switch the signal
generator’s output fluctuates. A high precision generator will have a stable output
with little variations. However, a high precision generator may not necessarily have an
accurate output. Figure 3.1 on the left shows the distinction between accuracy and

precision.
Set
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Figure 3-1. Accuracy vs precision

Key Accuracy Specifications

There are two key accuracy specifications, amplitude accuracy and frequency accuracy.
How much accuracy you need depends on your application. If you are testing a wireless
receiver’s sensitivity with + 4dB accuracy, you will need to use a source with + 1dB
amplitude accuracy to achieve a test accuracy ratio (TAR) of 4.

Amplitude Accuracy

Amplitude accuracy is how close your signal generator’s output amplitude is to the set
amplitude. Amplitude accuracy is often specified within a frequency and temperature
range.

Find us at www.keysight.com
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The temperature range is specified because the signal generator’s output accuracy degrades with temperature.
For example, the N5182B’s absolute level accuracy degrades by 0.01 dB/°C when the ambient temperature is

outside of the 20°C to 30°C range. Table 2.2 shows the amplitude accuracy specification of the N5182B MXG

signal generator.

Absolute level accuracy in CW mode' (ALC on) () = typical

Standard
Range Max power to -60 dBm < -601to -110 dBm
9 to 100 kHz (+ 0.6 dB) (+ 0.9 dB)
100 kHz to 5 MHz +0.8dB (+ 0.3) +0.9dB (+ 0.3)
>5 MHz to 3 GHz + 0.6 dB (= 0.3) +0.8dB (£ 0.3)
>3to 6 GHz + 0.6 dB (+ 0.3) +1.1dB (£ 0.3)

Absolute level accuracy in CW mode (ALC off, power search run, relative to ALC on)
9 kHz to 6GHz (+ 0.15 dB)

Absolute level accuracy in digital I/Q mode (N5182B only)

(ALC on, relative to CW, W-CDMA 1 DPCH configuration < +10 dBm)

5 MHz to 6 GHz + 0.25 dB (= 0.09)

Table 3-1. Accuracy specification of N5166B CXG Signal Generator.

Amplitude Flatness N

PAVAN

Amplitude accuracy affects the frequency sweeping capability of a signal

generator. Frequency sweeps are often used in testing filters and power Tip: To improve signal
amplifiers. The less the amplitude changes from one frequency to another, the accuracy going into your
flatter the output is. The change in amplitude while moving from one frequency DUT, we can perform

to another is called flatness. While closely related to amplitude accuracy, they a flatness correction at
are not the same. The flatness spec is tighter than the amplitude accuracy spec the point where your
and is usually referenced to the amplitude of the starting frequency. Figure 3.2 DUT is connected to the
illustrates this point. test system. Performing

a flatness correction
eliminates errors caused
by cable and switching
losses.
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Figure 3-2. Comparison between amplitude accuracy and flatness.

Improve Accuracy to Improve Yield

Receiver sensitivity testing requires sources with accurate output power. Receiver
sensitivity testing determines if a receiver is able to detect weak signals above a
specified power level. For example, a 4G mobile phone receiver has a specified
sensitivity level of -110 dBm. The receiver will be rejected if it fails to detect signals with
a power level of -110 dBm or more.

To illustrate the effects of poor accuracy on test yield, let’s use our 4G receiver example.
Consider a signal generator with an amplitude accuracy of +5 dB. To avoid over-accepts
(or false positives), the signal generator is setup to output -115 dBm. At -115 dBm, the
signal generator’s output power will vary between -110 dBm to -120 dBm. As you can
see in Figure 3.3, using this signal generator will cause you to inadvertently reject four
perfectly good receivers with borderline performance.

A @ - Failed unit A @ - Failed unit
©® = Passed unit ® = Passed unit
3 3
5 L 2 -110 dB specification 5 L 2 -110 dB specification
§ o Set source to -110 dBm § A
P & & ¢] Actual output power= -114 dBm
([ ([
Set source to -115 dBm
Frequency . Frequency .
Ideal signal generator Signal generator with +5 dB

amplitude accuracy

Figure 3-3. Effects of poor amplitude accuracy to test yield.
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To improve the test yield, you just need to use a more accurate signal generator. Using
a signal generator with an amplitude accuracy specification of +1 dBm, our signal
generator is setup to output -111 dBm. Figure 3.4 shows four of the same six receivers
tested earlier now pass the sensitivity test. We have reduced false rejects by 75% just
by using a more accurate source.

A more accurate source may cost more. However, in the long run, the improved yield
will return the cost of investment many times over.

A @ = Failed unit A @ = Failed unit
©® = Passed unit ® = Passed unit
e . @ 2110 _dB specification _ ol e . -110_dB specification _
3 ¢ 3 <& Set source to -111 dBm
039 g Actual output power = -112 dBm
S ® ® & /ctual output power = -114 dBm S|le e e
‘+ Set source to -115 dBm ®
| > >
Frequency Frequency
Signal generator with £5 dB Signal generator with +1 dB
amplitude accuracy amplitude accuracy

Figure 3-4. Effects of improved amplitude accuracy to test yield.

Frequency Accuracy

The frequency accuracy of a signal generator is affected by two main factors, the
stability of the reference oscillator and the amount of time that has passed since the
source was calibrated. Although temperature and line voltage also affect frequency
stability, it's effect is several orders of magnitude less than the aging effect. Therefore,
the key specification to look out for is the reference oscillator aging rate.

A typical reference oscillator used in a signal generator has an aging rate of 0.152 ppm
per year. A 10 GHz signal generator with this reference oscillator that has not been

calibrated for one year will have a frequency accuracy of £1.52 kHz. The calculation is
shown below.

Frequency Accuracy (Hz) = Output Frequency (Hz) x Aging Rate (ppm/year) x Time since last calibration

=10 GHz x 0.152 ppm/year x 1 (year)

=1.52 kHz

Find us at www.keysight.com Page 16



Frequency reference

Accuracy

Internal time base reference
oscillator aging rate!

Initial achievable calibration
accuracy

Adjustment resolution
Temperature effects

Line voltage effects

+ (time since last adjustment x aging rate)

+ temperature effects

-+

+ line voltage effects

I+

calibration accuracy

IA

+ 5 ppm/10yrs, < £ 1 ppm/yr

+ 4 x10% or + 40 ppb

<1 x107°
+ 1 ppm (0 to 55°C), nominal

+ 0.1 ppm, nominal; 5% to 10%, nominal

Table 3.2. Accuracy specification of N5166B CXG signal generator.

Frequency Spectrum is a Limited Resource

Cellular 4G channel spacings are narrow to increase data bandwidth. Therefore, 4G

receivers must be able to process weak signals while rejecting interference from

adjacent channels. The adjacent channel selectivity (ACS) test measures a receiver’s

ability to receive a signal at its assigned channel while rejecting a strong signal in the

adjacent channel.

This test uses two signal generators. One signal generator inputs a test signal at the

in-channel frequency at a level above the sensitivity of the receiver. The second signal
generator outputs an adjacent channel signal. The output of the out-of-channel signal is

increased until the sensitivity of the receiver is degraded to a specified level.

In ACS, frequency accuracy of the test and interfering signals is important. Poor

frequency accuracy will cause the signals to be either too close or too far from each

other and from the filter skirts. For example, assume you are trying to set a 1-kHz
separation between two signals centered at 200 MHz, and your sources have an aging
rate of £1 x 10%/year. Your sources’ frequency error in this case is 200 MHz x 1 x 10,

or =200 Hz. The separation could be anywhere from 600 Hz to 1400 Hz as shown in

Figure 3.5.

At best, this can cause over rejects, but at worst, this will lead to the false accept of an

out-of-spec receiver.

Find us at www.keysight.com
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Figure 3-5. Impact of frequency accuracy on adjacent channel selectivity test. Instead of a
1 kHz separation between the two adjacent channels, we know have a separation of that
varies from 600 Hz to 1400 Hz.

Section 4 — Speed

Your boss comes to you. He looks worried. He leans against your desk. He has just
come out of a meeting with the VP of Manufacturing. The VP wants a 25% cost
reduction on manufacturing expenses and your boss has until the end of the week to
give him a proposal. Your boss need your help.

Test is a non-value-add activity, just like inspection in quality control. Ideally, products
should work as designed when they finish manufacturing. However, things are never
ideal. Therefore, we still need to test.

Testing costs money - lots of money. The shorter the test time, the less test costs.
Therefore, the speed of your signal generator matters in manufacturing. So, what is a
fast signal generator?

A fast signal generator allows you to quickly switch from one frequency to another,
from one amplitude to another, or from one waveform to another. Speed is specified
in milliseconds. Figure 4.1 shows the frequency switching speed specification for the
N5182B MXG signal generator.
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Frequency switching speed ' 2

CW mode

SCPI mode

Standard

<5 ms, typical

<5 mes, typical

Digital modulation on (N5182B only)

SCPI mode

List/step sweep
mode

1. Time from receipt of SCPI command or trigger signal to within 0.1 ppm of final frequency

<5 mes, typical

<5 ms, typical

or within 100 Hz, whichever is greater.

Option UNZ 8

(%N

1.15 ms

A

<900 us

A

<1.15 ms

<900 us

Option UNZ,

typical

<950 ps

< 800 ps

A

<1.15 ms

I~

800 s

2. With internal channel corrections on, the frequency swithcing speed is < 1.3 ms,

measured for list mode and SCPI mode cached frequnecy points. For the initial frequnecy

point in SCPI mode the time is < 3.3 ms, measured. The instrument will automatically
cache the most recently used 1024 frequencies. There is no speed degradation for

amplitude-only changes.

3. Specifications apply when status register updates are off. For export control purposes CW

switching speed to within 0.05% of final frequency is 190 us (measured).

Table 4.1. Switching speed specification of the N5182B MXG signal generator.

Factors affecting speed

Switching speed is affected by the type of change and the source of commands. The
time in the specifications refers to the amount of time needed for the output of the
signal generator to stabilize once a command is sent. The speed specifications shown

are worst case scenarios. Typical switching times are up to 40% faster.

FREQUENCY ANPLITUDE List Table
6.000 000 000 00 &= -144.00 den Edit Item
List [l
g 1, Houer ﬂaue?nrm
1 | e .00} cW (no modulation) 2.000 ms
2| &.00000000 .00J-- CW (no modulation) Z.000 ms Insert Ao
3| £.00000000000 GHz|-1uk.00f-— CH ¢no modulation) 2.000 ms
4| ©.00000000000 GHz|-1uk.00f-- CH ¢no modulation) 2.000 ms
5| £.00000000000 GHz|-14k.00)-- CH ¢no modulation) 2.000 ms Delete Rou
6| £.00000000000 GHz|-14k.00)-- CH ¢no modulation) 2.000 ms
7| 6.00000000000 GHz|-1uk.00)-— CH ¢no modulation) 2.000 ms
8| &.00000000000 2.000 ms
13 &. 00000000000 g. ms Goto Roue
D2/23/201; Nore 1 of 2 |

Figure 4-1. List sweep configuration table.

Tip: Improve waveform
switching speed by
using the list/step
sweep mode to pre-
load the waveforms
into the non-volatile
memory.
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When the signal generator is set to a new frequency, the frequency synthesizer will
change its output to the desired frequency. The output amplifier will then adjust the
power level so that the output power stays the same at the new frequency. Essentially,
frequency switching requires changes to both the frequency synthesizer and output
amplifier, which is why frequency switching is often slower than amplitude switching.

During switching, command processing takes up the most time. Figure 4.2 shows the
time components of processing a SCPI command request.

For faster switching speed, use the list/step sweep mode instead of sending individual
SCPI commands. In sweep mode, the frequency, power, and waveform states are

known in advance, and are downloaded to non-volatile memory in the signal generator.

The signal generator is able to then sequence through the states in rapid succession.
Typical switching time in sweep mode is 600 ps to 800 us compared to 2 ms in SCPI
mode.

Some signal generators offer high speed switching options. The N5182B, for example,
has the UNZ option which offers sub-millisecond switching speeds, perfect for high
volume production.

SCPI command

Parsing
limiting,

SCPI

etc.

Settled —

RF (with \’ L
blanking on

Command

h
< overhead >

Switching specification
<

Figure 4.2. SCPI command processing time in a signal generator
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When Speed Matters

Wireless Manufacturing

No so long ago, reducing test times required only a reduction in the number of test
points. This strategy no longer works. Now, more tests are required as more features
are built into modern wireless devices. Connectivity capabilities are expanding to
include not just voice, but a variety of data connections such as RFID, Bluetooth®, LTE,
UWB and 5G. These modes require testing and verification, over multiple channels, at
different power levels, and with realistic waveforms. You are continuously searching for
ways to increase test throughput to reduce cost. To achieve this, you need speed.

Here are some manufacturing scenarios where speed matters:

e Broadcast receiver measurements — wireless devices incorporating receivers for
broadcast signals such as FM Stereo, GPS, or digital video require performance
verification. In some cases, this may be a simple receiver sensitivity measurement,
and in others bit-error-rate (BER) measurements may be required. In either case,
rapid switching of frequency, amplitude, and waveform are required.

e Multiple waveform testing — many automated test procedures require multiple
waveforms, for example, to measure distortion through an amplifier with different
waveform types or to verify functionality of a variable adaptive data rate system,
e.g. 8PSK and QPSK.

e Gain compression testing — amplifier gain compression can be measured by varying
the power in. Exact gain compression points, such as 1 dB gain compression
can be measured using iterative measurements to zoom in on the specific gain
compression point.

Figure 4-3. A complex RF design verification test system.
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Advance electronic warfare @

Electronic warfare (EW) is the use of electromagnetic spectrum to impede radar sensing

and radio communications, and to protect against these attacks. Productive and For EW signal creation,
efficient engineering of EW systems requires test signals that accurately and repeatably download application
represent actual EW environments. Simulation of multi-emitter environments is vital note “Creating Multi-
to ensure realistic and representative testing. These multi-emitter environments are Emitter Scenarios for
typically simulated with large, complex, custom test systems that are employed in the Radar and Electronic
system qualification and verification stage. Warfare (EW) Testing”.

Validation and verification of EW systems is heavily dependent on testing with realistic
signal environments. EW test realism increases as high-fidelity emitters are added to
create density. In addition to emitter fidelity and density, platform motion, emitter scan
patterns, receiver antenna models, direction of arrival, and multipath and atmospheric
models enhance the ability to test EW systems under realistic conditions.

EW systems are now designed to identify emitters using precise direction finding and
pulse parameterization in dense environments of 8 to 10 million pulses per second.
Modern spectral environment contains thousands of emitters—radios, wireless devices,
and tens to hundreds of radar threats—producing millions of radar pulses per second
amidst background signals and noise. An overview of the threat frequency spectrum is

shown in Figure 4.3.

Pulse density (log)

Acquisition, GCI
Fire control
Early warning

VHF UHF L S C X Ku

Figure 4-4. Example of a threat frequency spectrum used in EW simulation

Find us at www.keysight.com Page 22


https://www.keysight.com/main/gated.jspx?lb=1&gatedId=2980105&cc=US&lc=eng&parentContId=worldwide_home&parentContType=sr&fileType=VIEWABLE&searchType=GR
https://www.keysight.com/main/gated.jspx?lb=1&gatedId=2980105&cc=US&lc=eng&parentContId=worldwide_home&parentContType=sr&fileType=VIEWABLE&searchType=GR
https://www.keysight.com/main/gated.jspx?lb=1&gatedId=2980105&cc=US&lc=eng&parentContId=worldwide_home&parentContType=sr&fileType=VIEWABLE&searchType=GR
https://www.keysight.com/main/gated.jspx?lb=1&gatedId=2980105&cc=US&lc=eng&parentContId=worldwide_home&parentContType=sr&fileType=VIEWABLE&searchType=GR

Summary

More and more functionalities are integrated into wireless devices, requiring more
tests with more setups under more conditions. A wireless device includes multiple
wireless standards, multiple frequency bands, and multiple antennas. This increases
significant test challenges in verification and production test. Test engineers are
continuously looking for ways to improve test throughput and cost. When equipped
with the fast switching capability, these signal generators can switch frequency,
amplitude, or waveform in less than 1 millisecond in most cases.

End of Part 1

We have reached the end of Part 1 of our two-part white paper. We hoped

you’ve gained valuable understanding on the fundamental specifications of signal
generators. In Part 2, we will talk about more advance topics such as modulation,
spectral purity, distortions and software. Learn about the various types of
modulation schemes and gain a more in-depth understanding on harmonics and
spurs. We'll share why distortions are not always evil and how you can improve your
productivity with the latest software.

To stay up to date with the most recent tutorials, techniques, and best practices
check out the Keysight Labs YouTube channel, follow the Keysight RF Test and
Measurement Facebook Page, and subscribe to our blog.

https://www.facebook.com/keysightrf/
https://www.youtube.com/user/KeysightSigGen

https://blogs.keysight.com/blogs/tech/rfmw.html

Bluetooth® and the Bluetooth® logos are registered trademarks owned by Bluetooth SIG, Inc.,
and any use of such marks by Keysight Technologies is under license.

Learn more at: www.keysight.com

For more information on Keysight Technologies’ products, applications or services,

please contact your local Keysight office. The complete list is available at:
www.keysight.com/find/contactus

Find us at www.keysight.com

This information is subject to change without notice. © Keysight Technologies, 2019, Published in USA, June 28, 2019, 5992-3253EN

S
/O\

What to increase your

test throughput? Learn

more here:

* Increase Power Amplifier
Test Throughput

e Optimize Transceiver Test
Throughput

- A
a0P*"
ram®
"an O
) )
KEYSIGHT

TECHNOLOGIES

Page 23


https://literature.cdn.keysight.com/litweb/pdf/5991-1050EN.pdf
https://literature.cdn.keysight.com/litweb/pdf/5991-1050EN.pdf
https://literature.cdn.keysight.com/litweb/pdf/5991-3103EN.pdf
https://literature.cdn.keysight.com/litweb/pdf/5991-3103EN.pdf

