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R&S®SFI100A Safety and regulatory information

Safety instructions

1 Safety and regulatory information

The product documentation helps you use the product safely and efficiently. Follow the
instructions provided here and in the following sections.

Intended use

The product generates radio frequency (RF) signals for the development, production
and verification of electronic components, modules or devices. The product is intended
for industrial use, for example for production and conformance testing, maintenance
and engineering laboratories.

Use the product only for its designated purpose. Any other use is considered improper
use. Observe the operating conditions and performance limits stated in the specifica-
tions document.

Target audience

This document targets at all users, including technicians, operators, administrators and
maintenance personnel. The required skills and experience of the users depend on the
test setup and application of the product.

Where do I find safety information?

Safety information is part of the product documentation. It warns you of potential dan-
gers and gives instructions on how to prevent personal injury or damage caused by
dangerous situations. Safety information is provided as follows:

® |n Chapter 1.1, "Safety instructions”, on page 9. The same information is provi-
ded in many languages in printed format. The printed "Safety Instructions" for
"Mains-Powered Products, Not Heavy" (document number 1171.1771.99) are deliv-
ered with the product.

® Throughout the documentation, safety instructions are provided when you need to
take care during setup or operation.

1.1 Safety instructions

Products from the Rohde & Schwarz group of companies are manufactured according
to the highest technical standards. To use the products safely, follow the instructions
provided here and in the product documentation. Keep the product documentation
nearby and offer it to other users.

Use the product only for its intended use and within its performance limits. Intended
use and limits are described in the product documentation such as the specifications
document, manuals and the printed "Safety Instructions" document. If you are unsure
about the appropriate use, contact Rohde & Schwarz customer support.

Using the product requires specialists or specially trained personnel. These users also
need sound knowledge of at least one of the languages in which the user interfaces
and the product documentation are available.
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Reconfigure or adjust the product only as described in the product documentation or
the specifications document. Any other modifications can affect safety and are not per-
mitted.

Never open the casing of the product. Only service personnel authorized by

Rohde & Schwarz are allowed to repair the product. If any part of the product is dam-
aged or broken, stop using the product. Contact Rohde & Schwarz customer support at
https://www.rohde-schwarz.com/support.

Lifting and carrying the product

The maximum weight of the product is provided in the specifications document. You
can lift or carry the product by yourself, if you can manage the weight on your own.
Alternatively, you can use lifting or transporting equipment. Follow the instructions pro-
vided by the equipment manufacturer.

Choosing the operating site

Only use the product indoors. The product casing is not waterproof. Water that enters
can electrically connect the casing with live parts, which can lead to electric shock,
serious personal injury or death if you touch the casing.

If Rohde & Schwarz provides accessories designed for outdoor use of your product,
e.g. a protective cover, you can use the product outdoors.

You can operate the product up to an altitude of 2000 m above sea level. If a higher
altitude is permissible, the value is provided in the specifications document. The prod-
uct is suitable for pollution degree 2 environments where nonconductive contamination
can occur. For more information on environmental conditions such as ambient temper-
ature and humidity, see the specifications document.

Setting up the product

Always place the product on a stable, flat and level surface with the bottom of the prod-
uct facing down. If the product is designed for different positions, secure the product so
that it cannot fall over.

If the product has foldable feet, always fold the feet completely in or out to ensure sta-
bility. The feet can collapse if they are not folded out completely or if the product is
moved without lifting it. The foldable feet are designed to carry the weight of the prod-
uct, but not an extra load.

If stacking is possible, keep in mind that a stack of products can fall over and cause
injury.

If you mount products in a rack, ensure that the rack has sufficient load capacity and
stability. Observe the specifications of the rack manufacturer. Always install the prod-
ucts from the bottom shelf to the top shelf so that the rack stands securely. Secure the
product so that it cannot fall off the rack.

Connecting the product

Before connecting the interfaces and measuring inputs of the product to other products
or electrical circuits, make sure that the other products or electrical circuits provide
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Safety instructions

special protection against electric shock. This protection principle is referred to as
SELV (safety extra-low voltage) and is based on a low voltage level and increased
insulation. Exceptions are indicated by a measurement category on the product and
given in the specifications document.

Connecting to power

The product is an overvoltage category Il product. Connect the product to a fixed
installation used to supply energy-consuming equipment such as household applian-
ces and similar loads. Keep in mind that electrically powered products have risks, such
as electric shock, fire, personal injury or even death. Replace parts that are relevant to
safety only by original parts, e.g. power cables or fuses.

Take the following measures for your safety:

® Before switching on the product, ensure that the voltage and frequency indicated
on the product match the available power source. If the power adapter does not
adjust automatically, set the correct value and check the rating of the fuse.

® |f a product has an exchangeable fuse, its type and characteristics are indicated
next to the fuse holder. Before changing the fuse, switch off the product and dis-
connect it from the power source. How to change the fuse is described in the prod-
uct documentation.

® Only use the power cable delivered with the product. It complies with country-spe-
cific safety requirements. Only insert the plug into an outlet with protective conduc-
tor terminal.

® Only use intact cables and route them carefully so that they cannot be damaged.
Check the power cables regularly to ensure that they are undamaged. Also ensure
that nobody can trip over loose cables.

® Only connect the product to a power source with a fuse protection of maximum
20 A.

® Ensure that you can disconnect the product from the power source at any time.
Pull the power plug to disconnect the product. The power plug must be easily
accessible. If the product is integrated into a system that does not meet these
requirements, provide an easily accessible circuit breaker at the system level.

Cleaning the product

Use a dry, lint-free cloth to clean the product. When cleaning, keep in mind that the
casing is not waterproof. Do not use liquid cleaning agents.

Meaning of safety labels

Safety labels on the product warn against potential hazards.

Potential hazard

Read the product documentation to avoid personal injury or product damage.

Indicates live parts. Risk of electric shock, fire, personal injury or even death.

f Electrical hazard
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Warning messages in the documentation

Hot surface
Do not touch. Risk of skin burns. Risk of fire.

Protective conductor terminal
Connect this terminal to a grounded external conductor or to protective ground. This connec-
tion protects you against electric shock if an electric problem occurs.

1.2 Labels on R&S SFI100A

Labels on the casing inform about:

® Personal safety, see "Connecting to power" on page 11.

® Product and environment safety, see Table 1-1.

® |dentification of the product, see the serial number on the rear panel.

Table 1-1: Labels regarding R&S SFI100A and environment safety

Labeling in line with EN 50419 for disposal of electrical and electronic equipment after the prod-
uct has come to the end of its service life. For more information, see Chapter 16.5, "Disposal",
[r— on page 641.

1.3 Warning messages in the documentation

A warning message points out a risk or danger that you need to be aware of. The sig-
nal word indicates the severity of the safety hazard and how likely it will occur if you do
not follow the safety precautions.

WARNING

Potentially hazardous situation. Could result in death or serious injury if not avoided.

CAUTION

Potentially hazardous situation. Could result in minor or moderate injury if not avoided.

NOTICE

Potential risks of damage. Could result in damage to the supported product or to other
property.
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Korea certification class A

1.4 Where to find key documents on Rohde & Schwarz

Certificates issued to Rohde & Schwarz that are relevant for your country are provided
at www.rohde-schwarz.com/key-documents, e.g. concerning:

® Quality management

® Environmental management

® Information security management
® Accreditations

1.5 Korea certification class A

o /171 YH-GAT) A A7) ZA oA EE AL AR o] 32 0I5
sheb], 744 9] o] 4 ol A ALgsHE A B o Gk,
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2 Welcome to the R&S SFI100A

The R&S SFI100A is a wideband IF vector signal generator in the high-end range
developed to meet demanding customer requirements for wideband 1/Q and RF testing
up to the sub-THz frequency range. Offering excellent signal characteristics and
straightforward and intuitive operation, the R&S SFI100A makes signal generation fast
and easy.

2.1 Key features

Outstanding key features of the R&S SFI100A are:
® |F signal generation from 11 GHz to 21 GHz
® |F output power of up to 0 dBm
e Perfect IF source for external frontends and frequency converters
® Up to 10 GHz RF modulation bandwidth in a compact form factor
® Wideband analog I/Q output signals with V,, up to 2 V:

— Differential direct DAC output with up to 5 GHz bandwidth

— Amplified differential output with up to 2 GHz bandwidth

— Single-ended output with up to 5 GHz bandwidth

® Fully software-defined option concept to extend the instrument easily with software
options

® Internal baseband generator including ARB with maximum sample rate of
16 Gsample/s, maximum ARB memory of 8 Gsample

® Support of waveforms for generation of 5G NR, |IEEE 802.11ad/ay, OFDM, custom
digital modulation and multicarrier continuous wave signals

® Intuitive operation via 5" touchscreen with block diagram as key element
® Graphical signal monitoring at practically every point in the signal flow

® SCPI macro recorder and code generator for generating executable remote control
code from manual operating steps (for MATLAB®, CVI, etc.)

For more information, refer to the specifications document.

2.2 Documentation overview

This section provides an overview of the R&S SFI100A user documentation. Unless
specified otherwise, you find the documents at:

www.rohde-schwarz.com/manual/sfi100a
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Documentation overview

2.2.1 Getting started manual
Introduces the R&S SFI100A and describes how to set up and start working with the
product. Includes basic operations, typical measurement examples, and general infor-
mation, e.g. safety instructions, etc. A printed version is delivered with the instrument.
2.2.2 Printed safety instructions
Provides safety information in many languages. The printed document is delivered with
the product.

2.2.3 Videos

Find various videos on Rohde & Schwarz products and test and measurement topics
on YouTube: https://www.youtube.com/@RohdeundSchwarz
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Preparing for use

3 Getting started

This chapter contains the same information as the getting started manual.

3.1 Preparing for use

Here, you can find basic information about setting up the product for the first time.

3.1.1 Lifting and carrying

For safety information, see "Lifting and carrying the product” on page 10.
3.1.2 Unpacking and checking

1. Unpack the R&S SFI100A carefully.

2. Retain the original packing material. Use it to protect the control elements and con-
nectors when transporting or shipping the R&S SFI100A later.
See also Chapter 15, "Transporting", on page 627.

3. Using the delivery notes, check the equipment for completeness. In particular,
check that the delivery includes the two QSFP+ cables.
See "Cable selection and electromagnetic interference (EMI)" on page 18.

4. Check the equipment for damage.

If the delivery is incomplete or equipment is damaged, contact Rohde & Schwarz.

3.1.3 Choosing the operating site

Specific operating conditions ensure proper operation and avoid damage to the prod-
uct and connected devices. For information on environmental conditions such as ambi-
ent temperature and humidity, see the specifications document.

For safety information, see "Choosing the operating site" on page 10.

Electromagnetic compatibility classes
The electromagnetic compatibility (EMC) class indicates where you can operate the
product. The EMC class of the product is given in the specifications document.
® C(Class B equipment is suitable for use in:
— Residential environments

— Environments that are directly connected to a low-voltage supply network that
supplies residential buildings
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Preparing for use

® (lass A equipment is intended for use in industrial environments. It can cause
radio disturbances in residential environments due to possible conducted and radi-
ated disturbances. It is therefore not suitable for class B environments.
If class A equipment causes radio disturbances, take appropriate measures to
eliminate them.

3.1.4 Setting up the R&S SFI100A

For safety information, see:
® "Setting up the product” on page 10
® ‘"Intended use" on page 9

3.1.4.1 Placing the R&S SFI100A on a bench top

To place the product on a bench top

1. Place the product on a stable, flat and level surface. Ensure that the surface can
support the weight of the product. For information on the weight, see the specifica-
tions document.

2. CAUTION! Foldable feet can collapse. For safety information, see "Setting up the
product" on page 10.
Always fold the feet completely in or out. With folded-out feet, do not place any-
thing on top or underneath the product.

3. WARNING! A stack of products can fall over and cause injury. Never stack more
than three products on top of each other. Instead, mount them in a rack.
Stack as follows:
e If the products have foldable feet, fold them in completely.
e All products must have the same dimensions (width and length).

e Do not exceed a total load of 50 kg placed on the product at the bottom of the
stack.

) )

—/

0
0 |
0 0

g g o o

| o o |

| e g |

) | f )
=y

Left = Stacked correctly

Middle left = Stacked incorrectly, too many products
Middle right = Stacked incorrectly, different dimensions
Right = Stacked incorrectly, folded-out feet

4. NOTICE! Overheating can damage the product.
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Preparing for use

Prevent overheating as follows:

e Keep a minimum distance of 10 cm between the fan openings of the product
and any object in the vicinity to provide sufficient airflow and ventilation.

e Do not place the product next to heat-generating equipment such as radiators
or other products.

3.1.4.2 Mounting the R&S SFI100A in a rack

To prepare the rack
1. Observe the requirements and instructions in "Setting up the product” on page 10.

2. NOTICE! Insufficient airflow can cause overheating and damage the product.
Design and implement an efficient ventilation concept for the rack.

To mount the R&S SFI100A in a rack

1. Use an adapter kit that fits the dimensions of the R&S SFI100A to prepare the
instrument for rack mounting.

a) Order the rack adapter kit designed for the R&S SFI100A. For the order num-
ber of the kit, see the specifications document.

b) Mount the adapter kit. Follow the assembly instructions provided with the
adapter Kkit.

2. Lift the R&S SFI100A to shelf height.

3. Push the R&S SFI100A onto the shelf until the rack brackets fit closely to the rack.

4. Tighten all screws at the rack brackets with a tightening torque of 1.2 Nm to secure
the R&S SFI100A in the rack.

To unmount the R&S SFI100A from a rack

1. Loosen the screws at the rack brackets.

2. Bring the lifting equipment to shelf height.

3. Remove the R&S SFI100A from the rack.

4

If placing the R&S SFI100A on a bench top again, unmount the adapter kit from the
R&S SFI100A. Follow the instructions provided with the adapter kit.

3.1.5 Considerations for test setup

Cable selection and electromagnetic interference (EMI)

Electromagnetic interference (EMI) can affect the measurement results.
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Preparing for use

To suppress electromagnetic radiation during operation:

® Use the two cables 100G QSFP28 Passive Direct Attach Copper Twinax for con-
necting the Dig. 1Q HS interfaces of the instrument. The cables are included in the
delivery of the instrument and are available under order number 3708.5920.00.
How to: Chapter 3.1.10, "Establishing the high-speed digital crosslink",
on page 22

® Use high-quality shielded cables, for example, double-shielded RF, LAN and USB
cables.

® Always terminate open cable ends.
® Ensure that connected external devices comply with EMC regulations.

® Use cables of the same type and equal length for connection to the 1/Q interfaces
of the instrument.

Signal input and output levels

The specifications document provides information on signal levels. Keep the signal lev-
els within the specified ranges to avoid damage to the R&S SFI100A and connected
devices.

Over-the-air (OTA) tests
For over-the-air (OTA) tests, operate the instrument in a shielded environment.

For more information, refer to the specifications document.

3.1.6 Connecting to power

For safety information, see "Connecting to power" on page 11.

1. Plug the AC power cable into the AC power connector on the rear panel. Only use
the AC power cable delivered with the R&S SFI100A.

2. Plug the AC power cable into a power outlet with ground contact.

The required ratings are listed next to the AC power connector.

For more information, refer to the specifications document.
3.1.7 Connecting to LAN

Network environment

Before connecting the product to a local area network (LAN), consider the following:
® |nstall the latest firmware to reduce security risks.
® Forinternet or remote access, use secured connections if applicable.
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® Ensure that the network settings comply with the security policies of your company.
Contact your local system administrator or IT department before connecting your
product to your company LAN.

® When connected to the LAN, the product may potentially be accessed from the
internet, which may be a security risk. For example, attackers might misuse or
damage the product.

To connect to LAN

» Connect the LAN socket on the rear panel via an RJ-45 cable to the LAN.

Using DHCP (dynamic host configuration protocol), the R&S SFI100A assigns the
IP address automatically.

If connected to the LAN, the R&S SFI100A displays the IP address and the host-
name at the left bottom of the block diagram.

110.100.10.10]inst-123456|

1 = IP address
2 = Hostname

If disconnected from the LAN, the R&S SFI100A displays the IP address 0.0.0.0.

See also Chapter 12.8, "Setting up remote control", on page 374.

3.1.8 Connecting a monitor

This section describes how to connect a monitor for direct operation of the
R&S SFI100A. You can skip the following procedure, if you only operate the
R&S SFI100A remotely.

1. Connect the monitor to the "Display Port" socket of the R&S SFI100A on the rear
panel.
The "Display Port" socket does not support a dual-mode Display Port (DP++). Use
an active adapter if you connect to HDMI cables, for example.

2. At the monitor, connect the cable to one of the following sockets:
e Display Port: Connect it to the Display Port socket of the monitor.
e HDMI: You need an active adapter Display Port to HDMI. Passive adapters do
not work.
e VGA: You need an active adapter, Display Port to VGA. Passive adapters do
not work.

If the monitor provides touch functionality, an additional connection can be required, for
example, a USB connection. Refer to the documentation of your monitor.
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3.1.9 Connecting USB devices

You can connect or disconnect all USB devices from the R&S SFI100A during opera-
tion.
To connect USB storage devices

USB storage devices, such as memory sticks, allow data transfer from or to the
R&S SFI100A. You can also use them for firmware updates.

1. Connect the USB storage device to the USB type A connector on the front panel.

2. Connect the device directly, without a connecting cable.
Connecting cables can cause electromagnetic radiation and impair a measurement
result.

To connect USB devices with an external power supply

1. NOTICE! Connected devices with external power supply can feed back current into
the 5V power supply of the USB interface and thus damage the R&S SFI100A.

Ensure that there is no connection between the positive pole of the power supply
and the +5 V power pin of the USB interface (VBUS).

2. Connect the USB storage device to a USB connector on the rear panel.

To connect a keyboard

» Connect the USB storage device to a USB connector on the rear panel.

When connected, the R&S SFI100A detects the keyboard automatically. A detected
keyboard has the default layout English — US.

To connect a mouse

» Connect the USB storage device to a USB connector on the rear panel.
When connected, the R&S SFI100A detects the mouse automatically.

To connect power sensors

Connect power sensors of the R&S NRP families to a USB connector on the rear
panel.

See Chapter 7.5, "Using power sensors", on page 212.
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3.1.10 Establishing the high-speed digital crosslink

For correct operation, always connect the "Dig. IQ HS x" connectors to establish the
high-speed I/Q data crosslink between the two baseband signal boards BBCV. Con-
nect the connectors as follows:

1. For connection, use the two cables 100G QSFP28 Passive Direct Attach Copper
Twinax.
See "Cable selection and electromagnetic interference (EMI)" on page 18.

2. To connect the cable and the interface, proceed as follows:

a) Hold the QSFP+ plug of the cable by its panes.

b) Turn the QSFP+ cable, so that the release tab shows upwards.
See also (5) in Figure 3-1.

c) Insert and push the QSFP+ plug into the QSFP+ cage.

If you hear a clicking sound, the plug engaged correctly with the cage and the
cable is connected to the interface.

3. For the | component of the 1/Q data crosslink, connect "Dig. IQ HS 1" and "Dig. I1Q
HS 3"

See also (1) and (3) in Figure 3-1.

4. For the Q component of the I/Q data crosslink, connect "Dig. IQ HS 2" and "Dig. 1Q
HS 4"

See also (2) and (4) in Figure 3-1.

Figure 3-1: QSFP+ connections for I/Q data crosslink
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1, 3 = | components crosslink with connectors "Dig. IQ HS 1" and "Dig. IQ HS 3"
2,4 = Q components crosslink with connectors "Dig. IQ HS 2" and "Dig. IQ HS 4"
5 = Release tab (pull-strap) of the QSFP+ cable

To disconnect from the QSFP+ interface

1. NOTICE! If you pull the cable, you can damage the cable and the Dig. IQ HS con-
nector.

Pull the release tab.

2. Pull the QSFP+ plug out of the QSFP+ cage.

About the QSFP+ interface

The "Dig. IQ HS" connector is a QSFP+ (quad small form factor pluggable) interface or
QSFP28 interface. The connector socket has two components: a QSFP+ cage and a
QSFP+ connector. The QSFP+ cable is equipped with the QSFP+ plug. The interface
supports a maximum bandwidth of up to 50 Gsample/s with active optical cables.

1 = QSFP+ plug
2 = QSFP+ cage
3 = QSFP+ connector

3.1.11 Connecting to RF coaxial connectors

Here, you find information on how to prepare and to connect to RF coaxial connectors
of the R&S SFI100A. Use these RF connectors, for example, for output of the RF sig-
nal or for input of an external reference signal.

To prepare for connecting

1. NOTICE! Damaged or not clean connections can lead to RF insertion loss and mis-
match, and even premature wear of the connectors.

Before connecting to the port, inspect the RF connector visually. Check that it is
clean, undamaged and mechanically compatible.
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2. NOTICE! DC voltage at the RF connector can damage the instrument. Never apply
DC voltage to the RF input connectors.

Make sure that the values are within the DC limits given in the specifications docu-
ment.

3. If your test setup has a DC component at the RF input, insert a DC blocker.

4. Use a high-quality RF cable that matches the RF connector type. See also "Cable
selection and electromagnetic interference (EMI)" on page 18.

5. You can connect to two kinds of connectors:
e "To connect to screwable connectors" on page 24
e "To connect to pluggable connectors" on page 24

To connect to screwable connectors

» NOTICE! Excessive tightening can damage the connectors.
To connect the cable with the connector, proceed as follows:

a) Carefully align the connector of the cable and the connector along a common
axis.

b) Mate the connectors along the common axis until the male pin of the inner con-
nector engages with the female socket of the outer connector.

c) Turn the nut of the outer connector until the connectors are firmly coupled.

d) Using a calibrated torque wrench torque the nut to the limit as in the table
below. Hold the opposite connector part stationary with a spanner.

The R&S SFI100A provides screwable RF connectors as in Table 3-1.

Table 3-1: Connector name, type, size, torque limit and nut opening

Connector Torque limit Nut opening
Type Name Ib-Inch Nm Inch mm
SMA 1/1Q /1/Q bar 5 0.56 5/16 8
RefIn 2
Ref Out 2/3
User 1/2/3
2.92 mm RF Out® 8 0.9 5/16 8

To connect to pluggable connectors
The R&S SFI100A provides pluggable Bayonet Neill-Concelman (BNC) connectors.

» To connect the RF cable with the BNC connector, proceed as follows:

a) Carefully align the connector of the cable and the BNC connector along a com-
mon axis.

b) Mate the connectors along the common axis until the male pin of the connector
of the cable engages with the female socket of the BNC connector.
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For more information on handling and maintaining coaxial RF connectors, see the
application note 1MA99.

For information on mounting test port adapters onto the RF connector, see the applica-
tion note 1MA100.

3.1.12 Connecting to RF Out

1. Before connecting, disable the RF output:
In the block diagram, switch off the RF block.

2. For connection, use the connector "RF Out" on the front panel.
See "To connect to screwable connectors” on page 24.

To prevent RF output switch-off

» NOTICE! If you set a too high output level without a load connected to the instru-
ment, the reverse power can exceed a limit forcing the R&S SFI100A to switch off
the RF output.

Connect a load with sufficient return loss.
For more information, refer to the specifications document.

3.1.13 Connecting to Ref In/Ref Out

For connection, the R&S SFI100A provides BNC connectors or SMA connectors on the
rear panel. See "To connect to pluggable connectors" on page 24 and "To connect to
screwable connectors" on page 24.

3.1.14 Switching on or off

The following table provides an overview of power states, LEDs and positions of the
power switch.

Table 3-2: Overview of power states

State LED Position of power switch
Off gray [0]
Standby @ orange [
Ready green [

To switch on the R&S SFI100A

The R&S SFI100A is off but connected to power. See Chapter 3.1.6, "Connecting to
power", on page 19.

1. Set the switch on the power supply to position [I] on the rear panel.
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The LED of the [On/Standby] key on the front panel is orange.
2. Press the [On/Standby] key on the front panel.
The LED changes to green. The R&S SFI100A boots.
After booting, the R&S SFI100A starts up displaying the block diagram on the
screen on the front panel.
To check startup functions

When starting for the first time, the R&S SFI100A starts with the default settings. When
restarting, the R&S SFI100A recalls the instrument configuration before shut-down.

See Chapter 10.4.2, "Saving and recalling instrument settings", on page 281.

When switched on, the R&S SFI100A monitors the main functions and logs erroneous
functions. See the following:

See Chapter 14.4, "Querying notifications", on page 617.

To shut down the product
The product is in the ready state.

» Press the [On/Standby] key.

The operating system shuts down. The LED changes to orange.

To disconnect from power
The R&S SFI100A is in the standby state.

1. NOTICE! Risk of data loss. If you disconnect the product from power when it is in
the ready state, you can lose settings and data. Shut it down first.

Set the toggle switch on the power supply to position [0].
The LED of the [On/Standby] key is switched off.

2. Disconnect the R&S SFI100A from the power source.

3.2 Instrument tour

This chapter explains the control elements and the connectors of the R&S SFI100A.
The views of the front panel and the rear panel help you to get familiar with the instru-
ment and to perform the first steps. For specifications of the interfaces, see the specifi-
cations document.

The meanings of the labels on the R&S SFI100A are described in Chapter 1.2, "Labels
on R&S SFI100A", on page 12.
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3.2.1 Front panel tour

This section provides an overview of the control elements and connectors of the front
panel of the R&S SFI100A. On the rear panel, you find all further connectors.

2

Single

6o|eo|
® 6|6 o6 é

11 10

Figure 3-2: Front panel view

1 = Utility keys

2 Touchscreen

3 Rotary knob

4 = Function keys

5 = Sync In/Sync Out
6

7

8

User x
LO In
= RF Out
9 = Single connectors
10 = Diff connectors
11 = DAC connectors
12 = USB
13 = On/Standby key

3.2.1.1 Touchscreen

The screen on the front panel displays the block diagram and the most important set-
tings. Also, the screen display provides status and setting information and allows you
to quickly reconfigure the signal flow. The screen is touch-sensitive, offering an alterna-
tive means of user interaction for quick and easy handling of the instrument.

Any user interface elements that react to a click by a mouse pointer also react to a tap
on the screen, and vice versa. Using the touchscreen, you can perform the following
tasks (among others) by the tap of your finger:

® Changing a setting

® Selecting new settings

® Scrolling through a list or a table of parameters

® Saving or recalling settings

® Opening and closing dialogs

See also:

® Chapter 16.1, "Cleaning", on page 628, for instructions on cleaning the screen.
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3.21.2 Keys

On/Standby key

The [On/Standby] key switches the instrument from the standby to the ready state or
vice versa.

The LED below the [On/Standby] key indicates the instrument state, see Chap-
ter 3.1.14, "Switching on or off", on page 25.
Utility keys

The utility keys set the instrument to a defined state, provide information on the instru-
ment and provide access to the instrument help.

Table 3-3: Utility keys

Utility key Assigned functions
[Preset] Sets the instrument to a defined state.
[Save/Recall] Opens the file manager to save or load an instrument configuration.

Accesses the file manager

[Help] Opens the "Help" dialog and displays the description for a context-sensitive help topic.

Function keys

Function keys provide access to the most common generator settings and functions.

Table 3-4: Function keys

Function key Assigned functions

[Home] Brings the block diagram to the foreground and minimizes opened dialogs.

[Freg/Level] Pressing once: Enables frequency entry. Pressing twice: Enables level entry.

Toggles between frequency and level entry.

[*] User key with a customizable function.

[RF On/Off] Switches the RF output on and off. The status bar above the block diagram displays the
current RF output state.

[Esc] For non-edit mode, closes all kinds of dialog boxes analogous to tapping the "Cancel"
button.

In edit mode, quits this mode and keeps the last entry during editing.

Rotary knob

The rotary knob has several functions:

® Increments (clockwise direction) or decrements (counterclockwise direction)
numeric instrument parameters at a defined step size.

® Moves the selection, e.g. to a function block in the block diagram.
® Shifts the selection bar within focused areas (e.g. lists).
® Activates editing of entries or confirms and terminates entries.
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® Opens a context-sensitive menu, if you press and hold the knob.

3.2.1.3 Connectors

There are SMA connectors, a USB connector and "Sync" connectors on the front
panel.

USB
Female USB (universal serial bus) 2.0 connector of type A (host USB). You can con-
nect, for example, a keyboard, a mouse or a USB memory stick.

How to: Chapter 3.1.9, "Connecting USB devices", on page 21

Single connectors
Two female SMA connectors for single-ended I/Q output signals.

How to: "To connect to screwable connectors" on page 24

Diff connectors
Four female SMA connectors for amplified differential 1/Q signal output.

"1/Q" Two connectors for the positive differential I/Q output signal.
"l/Q bar" Two connectors for the negative differential I/Q output signal.

How to: "To connect to screwable connectors" on page 24

DAC connectors
Four female SMA connectors for differential 1/Q signal output direct from the D/A con-
verter (DAC) board.

"/Q" Connectors for the positive differential I/Q output signal.
"1/Q bar" Connectors for the negative differential 1/Q output signal.

How to: "To connect to screwable connectors" on page 24

RF Out
Female 2.92 mm connector for output (50Q) of the RF signal.

How to: "To connect to screwable connectors" on page 24

LO In
Female 2.92 mm connector for input (50Q) of a local oscillator (LO) signal. The con-
nector is for future use.

User x
Four female SMA multipurpose connectors for user-configurable input and output sig-
nals.

Table 3-5 lists available User x connectors and their description.
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Table 3-5: User x front panel connectors

Connector Description

User 1 Trigger signal input or output, high-level and low-level control signal output.
User 2 Trigger signal input or output, high-level and low-level control signal output.
User 3 Differential trigger signal output, high-level and low-level control signal output.
User 3 bar

A dedicated LED indicates the connector status:
° green: an input connector

° yellow: an output connector

° no light / gray: the connector is not active

See also Chapter 4.5, "Configuring global connectors", on page 121.

How to: "To connect to screwable connectors" on page 24

Sync In/Sync Out
Connector for multi-Instrument setups to synchronize input signals and output signals.
For future use.

3.2.2 Rear panel tour

This section provides an overview of the connectors on the rear panel of the instru-
ment. For technical data of the connectors, refer to the specifications document.

etetetior

Ref Dut 3 Ref In 2 Ref Out 2

166Hz 1GHz/8GHz _1GHz/8GHz__ 1-250MHz __1-250MHz_

Figure 3-3: Rear panel

= AC power supply connector and switch

= Serial number (six digits in the string 1444.4001.02-<serial number>-<checksum>)

= Ref In/Ref Out

= Display Port

= LAN

= USB
1 = Dig. IQ HS x
2 =|P Data
3 = Userx
14 = X x

1
1
1

= O oo ~NO O DWN-=-

0,
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3.2.2.1 Connectors

AC power supply connector and switch

Mains power switch for performing the following tasks:

® Connecting the internal power supply to the power source

® Disconnecting the internal power supply from the power source

The required ratings are listed next to the AC power connector and in the specifications
document.

How to:

® Chapter 3.1.6, "Connecting to power", on page 19
® Chapter 3.1.14, "Switching on or off", on page 25
® Chapter 16.2, "Changing fuses", on page 628

Ref In/Ref Out
Input or output for an external reference signal.

For reference signals with frequency f.,; of 250 MHz and lower, connect to the BNC
female connectors "Ref In 1" and "Ref Out 1".

For reference signals with frequency f. higher than 250 MHz, connect to the SMA
female connectors "Ref In 2", "Ref Out 2" and "Ref Out 3".

How to:
® f <250 MHz: "To connect to pluggable connectors" on page 24
® for> 250 MHz: "To connect to screwable connectors” on page 24

Display Port
Display Port monitor connector.

How to:Chapter 3.1.8, "Connecting a monitor", on page 20

LAN
RJ-45 connector to connect the R&S SFI100A to a LAN for remote control, remote
operation and data transfer.

How to: Chapter 3.1.7, "Connecting to LAN", on page 19

USB

Two female USB (universal serial bus) 3.1 connectors of type A (host USB). They have
the same functionality as the USB connector on the front panel, but provide higher data
rates. See "USB" on page 29.

How to: Chapter 3.1.9, "Connecting USB devices", on page 21

Dig. 1Q HS x
QSFP+ or QSFP28 interface connectors that provide the high-speed 1/Q data link
between the two baseband signaling boards BBCV.

For correct operation, always connect the "Dig. IQ HS x" connectors to establish the
high-speed 1/Q data crosslink between the two baseband signal boards BBCV. Con-
nect the connectors as follows:
® | component of the 1/Q link:

Connect "Dig. IQ HS 1" and "Dig. 1Q HS 3".
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® Q component of the 1/Q link:
Connect "Dig. IQ HS 2" and "Dig. 1Q HS 4".

How to: Chapter 3.1.10, "Establishing the high-speed digital crosslink”, on page 22

IP Data
"IP Data 1" and "IP Data 2" connectors with an SFP+ (small form factor pluggable)
interface. The connectors are for future use.

User x
Four BNC connectors with fixed marker output signal routing.

Table 3-6 lists available User x connectors and their description.

Table 3-6: User x rear panel connectors

Connector Description

User 4 "Marker 4" output signal
User 5 "Marker 3" output signal
User 6 "Marker 2" output signal
User 7 "Marker 1" output signal

How to: "To connect to pluggable connectors" on page 24

X x
Four BNC multipurpose connectors for future use.

How to: "To connect to pluggable connectors" on page 24

3.3 Trying out the instrument

This chapter provides step-by-step instructions to introduce the most important func-
tions and settings of the R&S SFI100A.

Prerequisites

® The R&S SFI100A is equipped with its base unit configuration.

® The R&S SFI100A is connected to the power supply and started up.
See Chapter 3.1.6, "Connecting to power", on page 19.

® The R&S SFI100A has its default configuration after an instrument preset.
See also "Overview of the characteristics of the preset functions" on page 273.

Base unit

The R&S SFI100A has the following options when equipped as a base unit:

® Frequency option R&S SFI-B1016

® ARB option R&S SFI-K510 with 4 GHz RF bandwidth and 2 Gsample memory
® Frontend control option R&S SFI-K553

® Reference input and output option R&S SFI-K703
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Trying out the instrument

Instrument equipment and screenshots

In this description, the screenshots show a fully equipped instrument. Consider that
some settings in the block diagram or in the configuration dialogs can differ from the
settings of your instrument.

For the first signal generation tasks, you use the internal baseband and reference sig-
nal, so you do not need any additional signal source. More complex signal generation
tasks require an instrument equipped with additional options or external signals.

The following sections provide introductory step-by-step instructions using the touch-
screen. Each instruction lists the prerequisites to execute the instruction.

e Generating an unmodulated RF Signal.........cccooiiiiiiiiiiiieiiieee e 33
e Generating a modulated RF Signal..........cceiiiiiiiiiiiiiiiiiieeeee et 34
e Generating a wideband RF SigNal...........cceiiiiiiiiiiiiiiciceee e 36

Generating an unmodulated RF signal

This step-by-step instruction explains how to generate an unmodulated RF continuous
wave signal. This signal is an IF signal in the frequency range of 11 GHz to 21 GHz.
The signal is sufficient for generic IF receiver testing, for example for testing chipsets.

1. Connect the RF Out connector of the R&S SFI100A to the RF input connector of
the DUT.
See "To connect to screwable connectors" on page 24.

2. Configure the IF signal:

a) In the status bar, select the "Frequency" field to enter a frequency value.
For example, enter 169 to set an IF frequency value of 16 GHz.

b) Select the "Level" field to enter a level value.
For example, enter -20 to set an IF level value of -20 dBm.

3. Inthe block diagram, select "RF" > "On" to enable IF signal generation.

K
16.000 000 000 000 GH: E -30.00 dBm

] —
_,| 1/QMod
g
ol— DOH
Baseband Al=S
§
T DO" =
&
M| |ARB =3
2l ©oion
I =No Stream
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The status bar displays the set frequency and the level of the IF signal. The
R&S SFI100A outputs this IF signal at the "RF Out" connector on the front panel.

3.3.2 Generating a modulated RF signal

This step-by-step instruction explains how to generate a modulated RF signal. This sig-
nal is an IF signal in the frequency range of 11 GHz to 21 GHz. The signal is sufficient
for generic IF receiver testing, for example for testing chipsets.

1. Connect the "RF Out" connector of the R&S SFI100A to the RF input connector of
the DUT.
See "To connect to screwable connectors" on page 24.

2. In the block diagram, select "Baseband" > "Misc" > "ARB".

Baseband

T/M/C

Trigger / Marker / Clock ...

Baseband Offsets

Baseband Offsets ...

The ARB dialog opens.

3. Load a waveform file. For example, load the file 5GNR_test.wv that resembles
the default configuration of a 5G NR baseband signal.
See section Chapter 4.3.4.2, "Loading and playing waveform files", on page 84.

4. Optionally, to check the waveform file properties, select "Waveform Info".
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Waveform Info - X

Filename: 5Sgnr_test.wv

Path: fvar/user/

Date: 2824-84-26:12:89:17

File size: 4931681 Bytes

Clock: 1.228880B8000000000002+88 Hz
Marker 1: Available

Marker 2: Available

Marker 3: Available

Marker 4: Not Available

Option String: SMx/WinIQSIM2-K444 (5G MR)
Peak Level: -8.915 dBFS

RMS Level: -12.188 dBFS

Samples: 1228800

ecmse [

The dialog provides detailed information on the waveform file including the file size
and the clock frequency.

5. Select "State" > "On".
Trigger In Clock

Default
e Load Waveform ... o Waveform Info ...
5GNR_test

Clock Frequency

122.880 000 000 MHz
Create Waveform

Create Multi Carrier ...

Test Signal Form

) -{ Create Test Signal ...
Sine

The R&S SFI100A loads the waveform file and starts signal processing.

6. In the status bar, configure the frequency and the level of the IF signal.
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7. In the block diagram, select "RF" > "On" to enable IF signal generation.
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The R&S SFI100A outputs this IF signal at the "RF Out" connector on the front
panel.

3.3.3 Generating a wideband RF signal

When operating the R&S SFI100A with a connected external frontend, you can gener-
ate upconverted wideband RF signals. For example, with a connected R&S FE170ST,
R&S SFI100A generates RF signals in the D band.

This section provides step-by-step descriptions for connecting, controlling and generat-
ing RF signals with external frontends. Connecting instructions use the R&S FE170ST
as an example. Connecting other external frontend is analogous. The instructions
cover the following topics:

® "To connect an external frontend" on page 36
® "To configure the R&S SFI100A for frontend control" on page 37
® "To output a generated wideband RF signal" on page 39

To connect an external frontend

This step-by-step instruction describes how to connect the R&S SFI100A to an
R&S FE170ST. The instruments are switched on and connected to power.

1. NOTICE! Cable selection. Use all cables delivered with the external frontend.
Other connections can require additional cables.
For the IF connection, use the IF cable (order number 1348.3850.00). For the ref-
erence signal connection, use the reference cable (order number 1347.7569) deliv-
ered with the external frontend. For the LAN connection, use a high-quality cable.
See also Chapter 3.1.5, "Considerations for test setup”, on page 18.

2. Connect the "RF Out" connector of the R&S SFI100A with the "IF In" connector of
the R&S FE170ST.
See also "To connect to screwable connectors” on page 24.
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3. Connect the "LAN" connector with the "LAN" connector of the R&S FE170ST.
See also Chapter 3.1.7, "Connecting to LAN", on page 19.

4. Check if the host name (1), IP address (2), subnet mask (3) and gateway address
(4) of the R&S FE170ST are correct.

Once connected to LAN, the electronic label on the right side panel of the
R&S FE170ST displays these network parameters:

FET1708 x-<00(XXX> - 51

IP Addr.: 10.102.76.14 —&3
Subnet: 255.25%5.252.0—81
Gateway. 10.102.76.1 — 1
DHCP: On —8#

For more information, see section "Electronic label" in the manual of the external
frontend.

5. Connect the "Ref Out 2" connector of the R&S SFI100A with the "Ref In" connector
of the R&S FE170ST.

See also "To connect to screwable connectors” on page 24.

Table 3-7 and Figure 3-4 provide an overview on connections and a test setup.
Table 3-7: R&S SFI100A and R&S FE170ST connections

Signal R&S SFI100A R&S FE170ST

Reference Connector: "Ref Out 2" "Ref In"
Frequency: 1 GHz, 8 GHz

LAN (Control) "LAN" "LAN"

IF In "RF Out" "IF In"

RF Out - "RF Out"

Vector signal
generator

IFin—>{| IFIn | | RFOut

IJ-RF Out:

RF shield box

))) DUT

Figure 3-4: Test setup: R&S SFI100A, R&S FE170ST and RF shield box

To configure the R&S SFI100A for frontend control

The following procedure describes how to configure the R&S SFI100A to establish a
control connection between R&S SFI100A and an external frontend. The
R&S SFI100A is connected to the external frontend.

See "To connect an external frontend" on page 36.

1. In the taskbar, select "System Config" > "System Configuration" > "External RF".
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2. Select "RF Out" > "External Instrument" > "Config".
The "Remote Instrument" dialog opens.
3. Select the connected external frontend from "External Instrument" selection.

The selection displays available instruments in format
<product>-<serial number>, for example "FE170ST-123456".

4. In the field "Hostname or IP Address", check if the host name or IP address of the
connected external frontend is correct.
If read out correctly, the host name or IP address match with the information dis-
played on the electronic label of the external frontend.
See step 4) in the section "To connect an external frontend" on page 36.

5. Select "Apply and Connect".

Scan OI °CIean Unused | °CIean All

External Instrument Set Symbolic Name 9
FE170ST-1 23456v
Remote Channel @ Hostname or IP Address 9
Frontend Connection FE170ST-123456
Device ID 9
FE170ST-123456

°Apply | eApply and Connect | @ Frontend Config ... |

A message displays if the remote connection to the external frontend is established
or not.

e Close

@ (A)External frontend - Connected ‘r

Figure 3-5: Message displaying an established remote connection

If connected successfully, you can configure dedicated frontend settings in the
"Frontend Configuration" dialog.
See "To configure external frontend settings" on page 180.

6. Select "System Config" > "System Configuration" > "External RF".
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Displa .
h - conned Disconnect Auto Connect [_|
Mapped Connectors = All Remote All Remote

Preset behavior: Keep connections to external instruments | ]

Config.. @ |rerostizsase

The dialog displays the settings and state of the connected external instrument.
The "RF" > "Rem Conn" field displays an active control connection:
®

The control connection is established, the LAN LED on the external frontend
switches from green to orange.

If you change the network configuration, e.g. the IP address, the connection to the
R&S SFI100A is aborted. Re-establish a connection to the frontend as in step 3).

If you have connection issues, see the following section:

Chapter 7.1.4, "Troubleshooting external frontends", on page 197

To output a generated wideband RF signal

The procedure assumes that a remote control connection between R&S SFI100A and
R&S FE170ST is established, the frontend settings are configured and a test signal is
loaded.

See also Chapter 3.3.2, "Generating a modulated RF signal”, on page 34.

1.

Return to the block diagram.

2. Configure the RF output signal.

Once you connect the external frontend, the R&S SFI100A sets the "Frequency" in
the status bar automatically. In particular, the R&S SFI100A and the R&S FE170ST
set the lower frequency of the frequency band that is 110 GHz.

a) In the status bar of the R&S SFI100A, set the frequency of the RF signal, for

example to 140 GHz.
b) In the status bar of the R&S SFI100A, set the level of the RF signal, for exam-

ple to -25 dBm.
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3. Inthe block diagram, select "RF" > "On".

Ret
[§

-25.00 dBm

T E V
_,| 1/QMod RF  |FEI70ST..
- I e
. @)

—@- O 1/Q Out

140.000 000 000 00 GHz

>

- ...

-

.:IIQ Stream Mapper .

=No Stream

The RF signal is output at the external frontend.

3.4 Operating the instrument

This chapter provides an overview on basic operating tasks. There are three ways to
operate the R&S SFI100A.

Manual operation

Use the touchscreen, keys and rotary knobs, or an optional mouse and/or keyboard.
The principles of manual operation are explained in this section.

Remote control

Create programs to automatize repeating settings, tests, and measurements. The
instrument is connected to a computer that runs the program.

This way of operation is described in Chapter 12.1, "Overview of remote access
modes", on page 346.
Remote operation

For remote monitoring and operation of the instrument, a VNC server is installed on the
R&S SFI100A. You need a LAN connection to the computer, and a VNC client or
browser to connect to the instrument.

This way of operation is described in Chapter 12.1, "Overview of remote access
modes", on page 346.

The following sections show how to operate the instrument manually.

e Means of manual INteraction.............ocueiiii i e 41
e Understanding the display information.............ccc e 41
o Accessing the fuNCHioNality.........cooiiiiii i 46
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O  ENtering data.... ... 47
o  UNdO and redO aCtiONS........coiiiiiiiiiiiiiiee et 48
o Getting information and help........cooii i 48

Means of manual interaction

For the manual interaction with the R&S SFI100A, you have several methods that you
can use as an alternative to perform a task:

® Touchscreen:
Touchscreen operation is the most direct way to interact. Almost all control ele-
ments and actions on the screen are based on the standard operating system con-
cept. You can tap any user interface element to set parameters in dialog boxes,
enter data, scroll within a dialog etc., as if you work with a mouse pointer.

Tapping the screen works like clicking mouse buttons:
— Touch quickly = click: Selects a parameter or provokes an action.
— Touch and hold = right-click: Opens a context-sensitive menu.

— Touch and swipe = drag: Scrolls through the contents of a display element
larger than the screen, e.g. a list or a table.

® Function keys and rotary knob:
The front panel provides nearly all functions and controls to operate the instrument
in the classic way, without touchscreen.

® Optional mouse and/or keyboard:
These devices work like known from PCs. The navigation keys on the front panel
correspond to the keys on the keyboard.

This manual describes the manual interaction with the instrument via the touchscreen.
It mentions the alternative methods using the keys on the instrument or the on-screen
keypads if it deviates from the standard operating procedures. The usage of the touch-
screen and navigation keys is described in Chapter 3.4.3, "Accessing the functionality",
on page 46.

Throughout the manual, the term "select" refers to any of the following methods:

® Using a finger on the touchscreen

® Using a mouse pointer in the display

® Using a key on the instrument or on a keyboard

Understanding the display information

The block diagram of the R&S SFI100A displays all main settings and generator
states, divided into main operation areas.
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16.000 000 000 000 GHz -30.00 dBm

1/Q Mod RF RF ..

—

@ —
.| i
Baseband B =
—|E -
T =
oM g 1/Q Analog
—

_@' 1/Q Out

I:‘ On =No Stream

Figure 3-6: Block diagram

1 = Status bar
2 = Block diagram

3 = Taskbar

O SHALUS DAN e 42
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L I =11 (o - | PP PU T TOPPP 44
e Additional display characteristiCs...........oiiiiiiiiii e 45

3.4.2.1 Status bar

The status bar at the top of the screen indicates the RF frequency and the level of the
output signal provided to the DUT. You can set both parameters directly here.

16.000 000 000 000 GHz 10.00 dBm

1 = Frequency display
2 = Status buttons
3 = Level display

The status buttons indicate key parameters that are set for the output signal. Most of

the status buttons are virtual keys that you can use to open a corresponding menu or
dialog.
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Operating the instrument

The block diagram shows the current configuration and the signal flow in the generator
with the aid of function blocks, connected by signal lines. The following figure displays
the most common elements that can appear in the block diagram. However, it does not
necessarily represent a useful configuration.

I

E M Baseband

B— ..
CM

1/Q Mod RF RF .
2 11
= {

1/Q Analog

DOn

—

:,g- 1/Q Out

=No Stream

=
@
o
o
=]
=
=
]
]
g
7]
o
=

A

Baseband domain, digital

1 = Control signal block
2 = Status indicator

3, 6, 8, 10 = Functional block
4,5 = Graphics indicator
7,9 = Signal line

11,12

Starting from the left up to th

v
A
v

RF domain, analog

= Connector icons (RF, 1/Q analog)

e "I/Q Mod" functional block, you can see the functional

blocks provided in the baseband domain. After the I/Q modulation on the analog RF
carrier, the analog section implies the routing to the "RF" functional block.

Legend Item Description
1 Control signal block | Indicates information on the control signals like signal content, input or
output and provides quick access to the corresponding configuration
dialog.
A dedicated control block is displayed to the left of the baseband block.
2 Status indicator Indicates whether the signal is running or waiting for a trigger.
3, 6, 8, 10 | Functional block Represents a basic task in signal generation.
The push button provides access to any number of associated actions to
accomplish the task. A checkbox and the block label quickly enable the
basic task.
4,5 Graphics indicator Denotes that the signal is displayed graphically:
® Baseband signal after the baseband block (4)
®  Stream signal before mapping (5)
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Legend Item Description
7,9 Signal line Shows the currently configured signal flow.
11,12 Connector icon Represents the interfaces for signal output.

®  RF signal connector output (11)
® |/Q analog signal connector output (12)

Taskbar

The "Taskbar" contains labeled softkeys and minimized views (thumbnails) of active
graphics and dialogs.

Initially, it shows the permanently assigned softkeys. The softkey with the sine wave
denotes that no signal is enabled for graphical representation.

Figure 3-7: Taskbar in default state

Whenever you open a settings or graphics dialog, it is automatically assigned to the
"Taskbar". The softkeys shown in the following figure represent the variants.

Reference  RF Frequency .

~ S — Oscillator Phase

Figure 3-8: Taskbar fully assigned

1 = System configuration and setup
2 = Remote control connections

3 = Graphics

4 = Dialogs

5 = Show block diagram / more

1 System Config Provides access to general system configurations like
setup, display, or remote.

2 Remote control connections Shows the established remote connections when the
instrument is remotely controlled.

Tip: An indicator in the status bar shows the current
remote control status.

3 Graphics Shows that a signal is represented graphically.
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4 Dialogs Shows a dialog as a thumbnail, the dialog name, and the
name of the signal channel.

5 Show block diagram / more The show block diagram icon as in Figure 3-7 minimizes
all dialogs indicated on the screen. The block diagram is in
the foreground.

The "More" softkey indicates that more dialogs are open
than can be displayed in the taskbar. Use this softkey to
open a selection list with the remaining active dialogs, and
the "Diagram" function.

3.4.2.4 Additional display characteristics

The following section provides a short insight on the indication of the screen in general,
and significant elements that you see under specific modes, in dialogs or settings.

® Appearance of active elements
— Active elements like On/Off switches, state buttons have a blue background.
— Selected elements are framed or highlighted orange.
— Inactive elements are gray.

® On-screen keypads
As an additional means of interacting with the instrument either a numerical or
alphanumerical on-screen keypad appears when you enable an entry field, see
Chapter 3.4.4, "Entering data", on page 47.

® |nfo line
The "Info line" shows brief status information and error messages. It appears when
an event generates a message. If selected, the R&S SFI100A shows information
on static errors and the error history.
eclose

@ select modulation first >

o Key parameters indicated in tab labels
Most dialogs are divided into tabs with logically grouped parameters. The tab label
expresses the content and can also contain status indicators or the set value of a
key parameter.

? Trigger In Clock
— Eﬂ Internal

1, 2 = Status indicators
3, 4 = Key parameter values

® Scrollbar handle
An arrow icon that appears when you touch a scrollbar helps you to scroll in a dia-
log or list.

® Progress indicators
A busy icon indicates a currently running process. If a process takes some time, a
progress bar shows the current state.
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® Context-sensitive menus
Within the entire screen display, including single parameters, you can access con-
text-sensitive menus that provide some additional functions.

o Preset This Parameter

/ Mark All Parameters Changed from Preset

@ Show SCPI Command

@ Add SCPI Command to Recording List

e Start SCPI Recording

* Add to User Menu

3.4.3 Accessing the functionality

All functionalities are provided in dialog boxes as known from computer programs. You
can control the instrument intuitively with the touchscreen. This section provides an
overview of the accessing methods.

The instrument's functions and settings can be accessed by selecting one of the follow-
ing elements:

® System and function keys on the front panel of the instrument
® Taskbar/softkeys on the touchscreen

® Context-sensitive menus for specific elements on the touchscreen, or with the
rotary knob (press and hold).

® FElements on the status bar in the touchscreen

® Displayed setting on the touchscreen that means block diagram and all settings
available in dialogs.

To open a dialog box

» Perform one of the following actions:

e Select the required block, and then the menu entry.
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e Select the minimized view (thumbnail) on the taskbar.

Some of the utility keys access a dedicated dialog, too.

To minimize a dialog box

» To return to the block diagram, select the "Home" button.

To close a dialog box

To close a dialog box, you have the same controls as you know from computers or
devices with touchscreen.

» Perform one of the following actions:
e Select the "Close" icon in the upper right corner.
e Select the [Esc] key on the front panel.
e Drag and drop a minimized dialog from the taskbar to the block diagram.

To select an option in a dialog box

» Select the required option.

To select an option in a list

If you can select many options, these options are provided in a list. The current selec-
tion is shown on the list button.

1. Select in the list.

2. To navigate through the list, try out the following:
e Using a mouse, scroll in the list to select the required option.
e Use the rotary knob.

3.4.4 Entering data

Some parameters have their own key on the front panel. For data input in dialog
boxes, the instrument provides on-screen keypads for entering numeric and alphanu-
meric values. You can always set the parameters via the touchscreen, the front panel
or an external keyboard.

To enter numeric values with the on-screen keypad

For numeric settings, the instrument displays the numeric keypad. The units specified
correspond to the units of the parameter.

1. Enter the numeric value.

Tip: For a quick entry, you can enter a value in an exponential representation, for
example 7e7 for 10000000.

2. Tap the unit button to complete the entry.

The unit is added to the entry.
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Tip: For a quick unit change, you can enter shortcuts, for example for a frequency
value 1e8h for 100 MHz.
For an overview of shortcuts supported by the R&S SFI100A, see Chapter B, "Unit
shortcuts", on page 643.

3. If the parameter does not require a unit, confirm the entered value by pressing

"Enter".

If you edit numeric data in tables, enable edit mode first. Press the rotary knob to
enable the edit mode.

To enter alphanumeric values

If a field requires alphanumeric input, you can use the on-screen keyboard to enter let-
ters and characters including special characters.

To complete an entry

» On the on-screen keyboard, press "Enter" €.

To correct an entry
1. Using the arrow keys, move the cursor to the right of the entry you want to delete.
2. On the on-screen keyboard, press "Clear".

3. Enter your correction.

To abort an entry

» Press the [Esc] key.
The dialog box closes without changing the settings.

3.4.5 Undo and redo actions
Accessed via the context-sensitive menus, "Undo" allows you to restore one or more

actions on the instrument. Depending on the available memory, the "Undo" steps can
restore all actions.

"Redo" restores a previously undone action.

3.4.6 Getting information and help

In some dialog boxes, graphics are included to explain the way a setting works.

For further information, you can use the following sources:
® Tooltips give the value range of the parameter.
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® The context help provides a functional description on a setting.

® The general help explains a dialog box, provides instructions, and general informa-
tion.

To display context help

» To access a help topic, perform one of the following:

a) Tap and hold the parameter for which you need information and tap "Help" in
the context menu.
b) Tap the parameter and press the [Help] key.

The "Help" dialog opens. You can browse the help for further information.

Help

X

Generating RF signals > RF settings > RF frequency settings > Frequency

Frequency
Sets the RF frequency.

- Offset This frequency is output at the RF Out connector.

It does not consider any parameter that affect the frequency, as e.g., a
frequency offset.

= (3 RF level settings .
Note: Suppressed values in the status bar

For security concerns or certain operating modes, you can hide the

&£ Generating refere... frequency and level display in the status bar.
o RRFKA kK
The display has been disabled for security reasons.
=- (3 Using power sens... See:
—"Annotation Frequency”
« [EEEE
. Hide
Index | Find Back Zoom In Zoom Qut
Contents Tree

Contents of the help dialog box

The help dialog box covers two main areas:
® "Contents" - contains a table of help contents
® "Topic" - contains a specific help topic

The help system also provides an "Index" and a "Find" area, and "Zoom" functions that
are accessed via the corresponding buttons.
To open general help

» Press the yellow [Help] key on the front panel.

If a dialog box is opened, the help topic for the current tab is shown. Otherwise the
"Contents" page appears.
Navigating in the table of contents and in the help topics

1. To move through the displayed contents entries, tap on an entry and scroll or use a
connected mouse.
Entries with a plus sign contain further entries.
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2. To display a help topic, tap on the topic name or double-click the topic name.
3. To follow a cross-reference, tap on the link text.

4. To return to the previous page, select "Back".
This function scrolls back all steps that you have performed before.

5. Use the "scroll bars" to shift the visible section of content shown.

6. To maximize the "Topics" area, tap the "Hide Contents Tree" button to hide the con-
tents tree.

Using the index

1. Select the "Index" button.

2. Enter the first characters of the topic that you are interested in.

The entries starting with these characters are displayed.
3. Tap on the index entry.
The corresponding help topic is displayed.
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4 Generating baseband signals

This section provides information to configure and generate baseband signals. It cov-
ers the following topics:

e Accessing the functions in the baseband domain............ccccccceeeeeiiiiiiccciiiiieeeeeee, 51
e Common characteristics of the baseband domain............cccccceeiiiiiiiiiiiiiiieeeeeeenn, 52
e Using the arbitrary waveform generator (ARB)..........uuuviiiiiiiiiiiieeeeeeeeeeeeeeeeeae, 64
e Generating multicarrier waveform signals..........cccueiiiiiiiiiiee e 103
e Configuring global CONNECIOrS.......cciiiiii e 121
®  Reducing Crest faCtOrs. ... .o 130
e Shifting the baseband signal............oooiiiiiiii e 136

4.1 Accessing the functions in the baseband domain

1. In the block diagram, select the "Baseband" block.

Baseband

Don

ARB

2. Navigate through the context menu.

Misc

ARB ...

T/M/C

Trigger / Marker / Clock ...

Baseband Offsets

Baseband Offsets ...

The "Baseband" block provides all functions and settings concerning the baseband
signal.

3. By default, baseband signal generation is off.
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4.2

4.2.1

Common characteristics of the baseband domain

To enable the baseband generator, select the "Baseband" block and set "Base-
band" > "On".

A short designation indicates the current baseband signal generation source, for
example "ARB".

For information on related settings of the selection list, see the following sections:
e Chapter 4.3, "Using the arbitrary waveform generator (ARB)", on page 64

e Chapter 4.5, "Configuring global connectors", on page 121

e Chapter 4.7, "Shifting the baseband signal", on page 136

Common characteristics of the baseband domain

This section provides information on common baseband signals. It covers the following
topics:

L I AN o To 10 (T T [ =1 o F= PRt 52
L AN o To 10 i (g To fo 1Y gl g o Yo [T TR 53
e Impact of additional trigger SettiNgS. ......cueiiiiiii i 56
o About Marker SIgNAIS.......coiiiiiii i 59
®  ADOUL CIOCK SIGNAIS....uuiiiiiiiiiiiee e e e 61
e Methods for optimizing the crest factor..........cccuveeeeeiieiiii i, 61
e Receiving and providing trigger Signals............cooiviiiiiiiiiiiiccrein e 64
About trigger signals

The R&S SFI100A provides several trigger modes, different trigger sources, and some
additional trigger settings to suppress or delay the trigger events. This section provides
an overview of the provided baseband trigger settings and the impact of the trigger set-
tings on the signal generation.

The current signal generation status ("Running" or "Stopped") is continuously dis-
played in the corresponding dialog, indicated in the header of the tab and in the block
diagram of the instrument. This indication is important when an external trigger is
applied.

Trigger signal

The trigger signals are internally generated or externally supplied signals which start
signal generation at a particular point in time. However, signal generation can also take
place without triggering. In this case, the signal generation starts immediately after the
modulation is enabled.

Trigger event

Trigger events occur when receiving external trigger signals. Also, you can trigger sig-
nal generation manually. The "Arm" function stops the signal generation until a trigger
event occurs.
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Trigger source

There are two sources for trigger signals:

® Internal: The instrument generates the internal trigger signal.

® External: The instrument receives an external trigger signal at one of the User x
connectors.

Related settings:

® "Source" on page 78

® Chapter 4.5, "Configuring global connectors", on page 121

4.2.2 About trigger modes

A trigger event defines the signal generation and depends on the trigger mode. The
Table 4-1 provides an overview of the trigger modes and their impact on the signal
generation start.

Table 4-1: Impact of the trigger events on the generated signal

"Trigger Mode" Signal generation 1st Trigger event Subsequent trigger event Trigger event
mode") "Exec. Trigger" or "Exec. Trigger" or "Arm"
"External” trigger signal | "External” trigger signal
"Auto” Continuous - - -
See Figure 4-2
"Retrigger” Continuous Initial start Restart -
See Figure 4-3
"Armed_auto" Continuous Initial start Restart Stop
See Figure 4-4 (only after previous "Arm")
"Armed_retrigger" Continuous Initial start Restart Stop
See Figure 4-5
"Single" Single Initial start Restart -
See Figure 4-1 length determined by
"Trigger Signal Duration"

1) the instrument generates a continuous signal or a single signal.

® Single signal generation means that the signal generation stops after one cycle.
That is, after the signal with signal length determined by the "Trigger Signal Dura-
tion" has been generated.

® Continuous transmission means that the signal is generated repeatedly without
delay and until the data generation is stopped explicitly.
However, any parameter change within the processing chain (baseband, fading
simulator, or stream mapping) causes a signal generation restart.

The following is a list of the trigger modes together with their short description. An
example of their impact on the generated signal is given. The provided examples are
intended to show the triggering mechanism in principle. To simplify the description, an
internal trigger event ("Execute Trigger") is used. An external trigger event has the
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same effect on the signal generation. In the examples on the figures bellow, the instru-
ment's processing time is ignored.
® Single
The instrument starts the signal generation only when a trigger event occurs. The
signal is generated once. Its signal length is set with the parameter "Trigger Signal
Duration".
Every subsequent trigger event causes a restart.

Exec. Trigger* Exec. Trigger*
Y Y

i

Signal Level

Y e e
) i — > t
- ztopped .*q— — Funning=— — stopped —teal— — running — — - Fa-stopped Signal
Start [once*™)  Stop Restart (once®) Stop DEneralion status

Figure 4-1: Trigger mode single

*

= Internal trigger event (to simplify the description)
** = The signal is generated once to the length specified with "Trigger Signal Duration"

® Auto
In auto trigger mode, the instrument generates a continuous signal.

T,

[y R
—stopped - — — — — - fUMmning — —— — — — Signal
ge neration status

Signal Level

Start  [continious signal generation )
Figure 4-2: Trigger mode auto

® Retrigger
The instrument generates a continuous signal. With enabled retrigger, a new trig-
ger event aborts the current generation cycle and restarts the signal generation
from the beginning.
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siaius

Start Restart {continious sig. generation)Restart

Figure 4-3: Trigger mode retrigger

* = Internal trigger event (to simplify the description)

Compare the shape and the length of the red curve in single mode and in retrigger
mode. The first part of the curve in retrigger mode is shorter. The signal generation
is interrupted due to the subsequent trigger event.

® Armed auto
The instrument starts the signal generation only when a trigger event occurs and
then generates a continuous signal. An "Arm" stops signal generation. A subse-
quent trigger event causes a restart of the signal generation.

State=0n

Exec. Trigger Arm Exec. Trigges*

I

|

I | | Yy
I

| ﬁﬂ

| |
|

I

|

: ﬁ

L ¥ -t

stopped 4—1 running — — — — — —h—+ armed —4—1 runming Signa

continicus signal generation) peneration status
Start oUS S 8 } Stop Restart generation status

Signal Level

Figure 4-4: Trigger mode armed auto

= Internal trigger event (to simplify the description)

® Armed retrigger
The instrument starts the signal generation only when a trigger event occurs and
then generates a continuous signal. Every subsequent trigger event causes a
restart of the signal generation.

An "Arm" stops the signal generation. A subsequent trigger event causes a restart.
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Figure 4-5: Trigger mode armed retrigger

* = Internal trigger event (to simplify the description)

Impact of additional trigger settings

The R&S SFI100A provides a set of settings to configure the behavior upon receiving
of a trigger signal. For example:

® Suppressing trigger events
® Delaying the instrument's response on trigger events
® Adjusting the signal calculation start time in relation to the trigger event.

Avoiding accidental trigger events

The following trigger settings enhance the flexibility of the trigger system and can help
to avoid accidental trigger events.

e "Threshold Trigger Input"
Defines the voltage level of the trigger signal where the R&S SFI100A generates a
trigger event. Trigger signals below the trigger threshold are ignored.

® "Trigger Input Slope"
Specifies the edge (rising or falling edge) of the trigger signal that is to provide the
trigger event.

® "Impedance Trigger Input"
Specifies the input impedance of the trigger signal.

Starting the signal generation with the first sample

By default, the instrument starts the signal calculation simultaneously with the receiving
of the external trigger event. Because of the signal propagation time and the instru-
ment’s processing time, the first samples are cut off and no signal is output.

This default behavior, however, can cause problems if short signal sequences are gen-
erated. To overcome this problem, the instrument provides the special parameter
"Sync. Output to (External) Trigger". If this parameter is disabled, the signal output
begins after elapsing of the processing time and starts with sample 0. That is, the com-
plete signal is output (compare both figures in Table 4-2).
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Table 4-2: Impact of the parameter Sync. Output to (External) Trigger

"Sync. Output to (External) Trigger = On" "Sync. Output to (External) Trigger = Off"

Event Event

| Ext
Calculated Calculated
signal signal

1
| \_/ | \_/
Signal at | Signal at
the output the output
»—]<&-Processing time— »—]<&-Processing time—

Suitable for long signal sequences Suitable for triggering of short signal sequences with
signal duration comparable with the processing time
of the instrument

v|- igger

The output signal is synchronous to the trigger event
after elapsing of the internal processing time.

Suppressing and delaying trigger events
The main focus of the following features is the mobile communication standards.

e "(External) Trigger Delay"
You can apply a definable number of symbols to delay the start trigger event of an
externally supplied trigger signal

This feature is useful to:

— Simulate the time delay between a base station signal and a user equipment
signal, for example during base station tests

— Compensate for known propagation delays or a timing offset in the test setups

e "(External) Trigger Inhibit"
You can suppress the effect of a restarted trigger signal in the "Retrigger" trigger
mode for a definable number of symbols.
During base station tests, for example, this feature enables the trigger suppression
for a definable number of frames and yet the signal can still be generated synchro-
nously. In each frame, the base station generates a trigger event that restarts the
signal generation every time but for the suppression.

Example:

A trigger delay of 1000 samples means that after a trigger event, any subsequent trig-
ger signal is ignored for the space of 1000 samples.
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Ext. Trigger Retrigger Retrigger
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Figure 4-6: Trigger delay and trigger inhibit in trigger mode retrigger

To set delay and inhibit values

Trigger delay and inhibit values are expressed in the units of the generated signal, e.g.
in samples or symbols. You can also define the exact delay or inhibit period as a time
value, e.g. in seconds.

Trigger delay values t4.,, depend on the instrument hardware. The table illustrates an
exemplary instrument configuration and related ty,, values in samples (or symbols)
and in seconds.

Option Max. rg / MHz taelay / S@aMples taelay /' S

Base unit 16000 0 to depends on sample rate 0 to depends on sample rate

For more information, refer to the specifications document.

Example: ARB clock frequency and trigger delay

This example describes an ARB signal with 1 MHz clock frequency. It illustrates the
relation between the ARB clock frequency and the configurable trigger delay.

1. Select "Baseband" > "ARB" > "Clock Frequency" = "1 MHZz".

2. Configure an external, for example, for an armed auto trigger mode.

a) Select "ARB" > "Trigger In" > "Mode" > "Armed Auto"
b) Select "Source" > "External Global Trigger 1".

c) Select "External Delay Unit" > "Samples".

d) Set "External Delay" = "100 Samples".

The parameter "Actual External Delay" = "100 us" displays the actual delay in time

units.
External Delay Unit Processing Time &
Sample
External Delay Actual External Delay 9
100.00 Samples 100.000 0 ps
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3. Set the delay in time units.

a) Select "External Delay Unit" > "Time".
b) Select "Specified External Delay" > "10 us".
The "Actual External Delay" changes to 10 us.
External Delay Unit Processing Time
Time
Specified External Delay Actual External Delay
10.000 0 ps 10.000 0 ps

=)

4. To check again the delay in samples, select "External Delay Unit" > "Samples".
The external dealy and actual delay is 10 samples.

External Delay Unit Processing Time
Samplev
External Delay Actual External Delay
10.00 Samples 10.000 O ps

Q

4.2.4 About marker signals

The R&S SFI100A can add additional signals to the generated signal. Marker signals
(or markers) are digital signals to synchronize external devices to the generated data
stream. For example, with suitable marker settings, you can select a slot clock or frame
clock, or mark the start of a particular modulation symbol.

Four marker output signals are available. Output these signals at the User x connec-
tors.

Related settings:
® Chapter 4.3.3.6, "Marker settings", on page 80
® Chapter 4.5, "Configuring global connectors", on page 121

4.2.41 Marker modes

Marker mode restart

The generated marker signal is a single "On" pulse. The rising edge of this pulse is
generated at the signal generation start and at each subsequent signal restart time.
This marker can be used to monitor the effects of the selected trigger, e.g. trigger caus-
ing restarts of the signal generation.

Marker mode pulse

Periodic marker with consecutive on periods and off periods of equal length. The first
on period starts at the beginning of the first generated sample/symbol. The marker fre-
quency is defined by a "Divider". The frequency is derived as follows:

<Frequency> = "Symbol Rate"/"Sample Rate" / "Divider", respectively.

<Frequency> = "Sampling Frequency" / "Divider".
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Example:

"Symbol Rate" = "1 Msym/s", "Divider" = "2"

The marker frequency is 500 kHz, corresponding to a marker period of 2 us. Each on
and off period has a length of 1 us, corresponding to one symbol period. With a divider
of 4 (6, 8 ...), the length of each on and off period is increased to 2 (3, 4, ...) symbol
periods.

P
Signal samples | #1 I#E I#E I#-ﬂf I#E I#ﬁ j
o

Marker signal:

Divider = 2
Divider = 4
Divider =6

Marker mode pattern

Periodic marker where each period is defined by a bit pattern with a maximum length
of 64 bits. A "1" ("0") in the pattern denotes an on (off) signal segment with a duration
of one sample/symbol period.

Example:
In the following example, the marker signal is defined by a pattern 700100....

Signal samples | #1 #2 | #3 | #4 | #5 | #6

Marker signal 1 1] 0 1 ] i

Marker mode On/Off Ratio

Similar to "Pulse" but with independent lengths of the on periods and off periods. The
length of the periods is entered as several symbols/sample periods.
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Example:

In the following example, the marker signal is defined by an "On Time" = "1 sym" and
"Off Time" = "2 sym".

~
Signal samples | #1 | #2 | #3 | #4 | #5 | #6

Marker signal | On Off On Off

Delaying marker signals

In all the examples listed in Chapter 4.2.4.1, "Marker modes", on page 59, the marker
starts at the beginning of the first generated sample/symbol (sample/symbol no. 1). It is
possible though to delay the start of the marker by an integer number of symbols/
sample periods.

About clock signals

The instrument uses its internal clock reference to generate the timing pulse. You can-
not output this internal signal, for example, as an external symbol clock signal to syn-
chronize instruments.

Synchronizing baseband signal and clock signal

The instrument uses the positive edge of the internal clock signal for signal synchroni-
zation. For related settings, see Chapter 4.3.3.7, "Clock settings", on page 81.

Methods for optimizing the crest factor

Communication standards utilizing higher-order modulation techniques or using multi-
ple carriers and complex signals consisting of the signals of more than one digital stan-
dard can feature a high crest factor. The signals of some digital standards can have
high crest factors also particularly with many channels and long sequences.

About the crest factor

The crest factor represents the ratio of the peak voltage value to the RMS voltage
value, i.e. the peak to average ratio (PAR). The higher the crest factor and the resulting
dynamics of a signal, the greater the requirement for a power amplifier fed by the sig-
nal to be linear.

A high crest factor arises, for example, when in a multicarrier signal the carriers feature
an identical start phase. Multicarrier signals imply periodically superimposed signals
with high peak voltages in relation to the RMS voltage values.
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High crest factors entail two basic problems:

® The nonlinearity of the power amplifier (compression) causes intermodulation
which expands the spectrum (spectral regrowth).

® Since the level of the D/A converter is relative to the maximum value, the average
value is converted with a relatively low resolution. This low resolution leads to a
high quantization noise.

Both effects increase the adjacent-channel power.

Direct crest factor reduction

At the individual signal generation stages, the R&S SFI100A offers different direct
approaches to reduce the crest factor. While the corresponding parameters are
enabled, the implemented algorithms ensure minimizing the crest factor or achieving of
predefined target crest factor by applying of automatic settings. Methods of reducing
the crest factor differ regarding both the optimization achievable and the time required
for computation.

The provided crest factor reduction methods include:

® Internal calculation of optimized carrier phases for the individual carriers in a multi-
carrier signal

e Automatic calculation of the carrier start phases in a multi-carrier continuous wave
signal

Applying clipping and filtering

Another common and simple approach for achieving a lower PAR is the combination of
clipping and filtering. In several of the firmware options, like 3GPP FDD or CDMA2000,
the instrument provides baseband clipping. Also, you can select the baseband filter
and adjust the filter characteristics.

® Clipping is a method that applies a wanted distortion to the signal, see Example
"Vector clipping and crest factor" on page 63.
This method includes specifying a level limit, finding out the signal peaks and clip-
ping off the peaks that exceed the limit. The level limit is a percentage of the high-
est peak value. Clipping does not influence the spectrum but the error vector mag-
nitude (EVM) increases.

The instrument offers two clipping modes:

— Vector clipping: | | +q |
The clipping limit is related to the amplitude | | + g |. This mode maps the | and
Q components together and retains the angle between the vectors.

— Scalarclipping || +]q|
The clipping limit is related to the absolute maximum of all the | and Q values | |
| +]1 9| . This mode maps the | and Q components separately, the angle
changes between the vectors.

Signal clipping not only changes the peak value but also the average value and the
effect on the crest factor is unpredictable.

® Filtering is a method after clipping. The filters are able to filter out the distortion.
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Example: Vector clipping and crest factor

The following figures display constellation diagrams that demonstrate the effect of the
clipping on the crest factor for typical scenarios.

Graphics: Constellation Diagram
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Figure 4-7: 1/Q constellation without clipping

The clipping mode in figure Figure 4-8 is vector | | + q | mode and the 1/Q signal config-
uration has two active channels. The circle visualizes the changed constellation points.

Graphics: Constellation Diagram
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Figure 4-8: 1/Q constellation with vector clipping and clipping level 80 %
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4.3.2

Using the arbitrary waveform generator (ARB)

Receiving and providing trigger signals

In test setups that combine the signal of two or more instruments it is often required
that:
® The signal generation starts at a defined moment

® The signal generation starts simultaneously (or with an exactly defined delay) in all
involved instruments.

Using the arbitrary waveform generator (ARB)

The arbitrary waveform generator (ARB) is an I/Q modulation source of the

R&S SFI100A. The ARB allows the playback and output of any externally calculated
modulation signals in the form of waveform files. The ARB can also generate multicar-
rier or multi-segment signals from the waveform files.

®  ReqUINEd OPLIONS....oiiiiiitcccceee e e e e e e e e e e e e e e e e e eeeeeeeeeaarana 64
LI AN o o 10 A = PP 64
@ ARB SEHINGS...ii i a e e aaaaaa e 69
o  Playing waveform fil€S.......uiiiii it 83
e Tags for waveforms, data and control listS.............uuviviiiiiiiiiin e, 94

Required options

The equipment layout for processing waveform files includes:

® Base unit, including arbitrary waveform generator (2 Gsample ARB memory, 2 GHz
RF bandwidth)

® Digital standard waveform option (R&S SFI-K2xy/-K4xy) to play a waveform file
generated by the signal generation software R&S WinlQSIM2.
For example, if you purchase option Digital Standard EUTRA/LTE R&S SFI-K255,
you can process an EUTRA/LTE waveform file generated by R&S WinlQSIM2.

® Optional ARB memory extension 8 Gsample (R&S SFI-K517)

® Optional RF modulation bandwidth extension to 8 GHz (R&S SFI-K529) or 10 GHz
(R&S SFI-K530) for wideband waveform files above 2 GHz.

You can output waveform signals at several connectors:

® For output at the RF connector the base unit is sufficient.

® For output at the analog 1/Q connectors install option R&S SFI-K17.

For more information, refer to the specifications document.

About ARB

This section provides background information on the ARB functionality and the impact
of the provided settings.
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For more complex waveform signals, see the following sections:
® Chapter 4.4, "Generating multicarrier waveform signals", on page 103

Related settings
See Chapter 4.3.3, "ARB settings", on page 69.

Related step-by-step descriptions

See the following sections:

® Chapter 4.3.4, "Playing waveform files", on page 83

® Chapter 4.3.4.5, "Defining periodically repeating traces", on page 92

® Chapter 4.3.4.4, "Creating waveforms with tag file format", on page 88

® Chapter 4.3.4.6, "Editing waveform files, data and control lists", on page 94

About waveform files

The R&S SFI100A uses waveform files to obtain the digital I/Q data of the baseband
signal. The R&S SFI100A can play back a waveform file from the internal storage
medium but it can also generate and play back simple waveforms for test purposes.

What is a waveform?

A waveform is a file with a specified file format containing raw I/Q samples. Waveform
files have the file extension * . wv and contain calculated 1/Q values.

When creating waveforms, the instrument inserts a waveform header at the beginning
of each created ARB file. The header of the generated I/Q data files consists of tags in
braces "{ }". For a detailed description, see Chapter 4.3.5, "Tags for waveforms, data
and control lists", on page 94.

Waveform file sources

The following waveform file sources are available:

® Internally generated waveforms
The ARB enables the calculation and the generation of waveform files. The ARB
also provides a built-in function to create a test waveform and keep it as a file or in
the RAM.

e Externally generated or created waveforms
The ARB processes externally created waveform files, for example:

— The waveform files generated by software R&S WinIQSIM2, the
R&S ARB Toolbox or the R&S Pulse Sequencer

— A mathematical program, for example, MATLAB calculates the waveform sig-
nals. See Chapter 4.3.5, "Tags for waveforms, data and control lists",
on page 94.

You can load the externally generated waveform files into the instrument via one of
the available interfaces, for example, USB or LAN. Usually, the waveform file is
saved on one of the network drives which are accessible for the operating system.
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4.3.2.2 ARSB test signals

The following test signals are available:

® "Sine" test signal: Two sine-wave signals with a selectable (but equal) number of
samples per period and equal frequencies. When the generation is triggered, the
number of samples per period, together with the frequency of the test signal, deter-
mine the ARB clock frequency: "Clock Frequency" = "Frequency" * "Samples per
Period".
Note: Because the resulting clock rate must not exceed the maximum ARB clock
rate, the number of sample values is automatically restricted depending on the
selected frequency.
The first sine signal is mapped on the | samples, the second on the Q samples.
The two signals differ by a selectable phase offset. For a —90 deg offset, the result
is a unit vector in the 1/Q plane, rotating counterclockwise and starting at1 =0, Q =
—1. For a 0 deg offset, the | and Q samples are on the diagonal of a unit square (I(t)
= Q(t)).

A

JlQ

3]

Phase Offset = -890 deg [t=0 Phase Offset = 0 deg
= = == ~ |

A

In general, the 1/Q samples are located on a deformed circle which is confined to
the dashed square in the upper diagrams.

® "Rect" test signal: Rectangle signal with selectable but equal on and off periods
and amplitude. The period is defined by the selected frequency: <Period> =1/
"Frequency".
The signal is mapped on both the | and Q samples. The mapping results in two dis-
tinct points in the 1/Q plane. The "Offset DC" shifts both points along the diagonal
I(t) = Q(t).

on Off On Off -

v
\J
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® "Const I/Q" test signal: Continuous test signal with constant I/Q and constant
clock frequency of 10 kHz. The values for each | and Q components are selectable
but constant. They are defined as a decimal number, which is decimal-to-binary
converted internally. The signal is provided as a 16-bit wide digital signal for both |
and Q channels.
You can output the signal directly at the BNC connectors | and Q outputs of the
instrument.

For more information, refer to the specifications document.

Waveform sample rate

The Arbitrary Waveform Generator includes a resampling unit that interpolates the
input samples to target a certain digital output I/Q sample rate. The input sample rate
finput is retrieved from the waveform (the default sample rate tag) or is defined by the
corresponding parameter in the ARB user interface.

The Figure 4-9 depicts the stages involved in the processing and resampling of a
waveform in the ARB.

f A

Resampling filter ' ! Anti-aliasing filter /7] !

| i l I

| ] | |

| | - | | -

b +b ﬁfSample &Y *b ﬁfSysCIk_max
ARB | | ay Lowpass
Waveform Data foum=|  Resampler fsample=SystemClock-} DAC > Filter >

Figure 4-9: Processing of the waveform files in the ARB

finput = Waveform sample rate
b = Usable bandwidth factor
fsyscik_max = SystemClockp., = SampleRate

Where:
® fsysci max = SystemClock,,,, = SampleRate,,, = 16 GHz
® b=0.4165

Impact of the resampling filter

As illustrated in Figure 4-9, the filter in the resampling stage is distortion-free for sig-
nals with the following maximum baseband bandwidth:

Usable_Bandwidth,., [MHz] = b* fipu.
The usable bandwidth factor b equals b = 0.4165.

An externally created waveform file has to provide a sample rate £, that is high

enough for perfect signal reconstruction. For distortion-free resampling the lower
bound of the required sample rate f;,,, is then calculated as follows:

finput 2 Usable_Bandwidth / b
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Thus, a modulation signal with a sample rate f;,,; = 16 GHz fed in the baseband gen-
erator ensures the Usable Bandwidth,,,,. After the DAC, this signal features a
RF_Bandwidth,,, = 2*b*f,,p,s = 2"b*16 GHz = 10 GHz.

Impact of the oversampling factor

Waveforms generated by the R&S WinlQSIM2 software can be optimized by choosing
a suitable integer oversampling factor.

Conventional ARB often assumes an oversampling factor of 4. The ARB of the
R&S SFI100A requires low oversampling factors and still provides excellent signal
quality in terms of EVM and ACP.

A reduced sample rate saves significantly the amount of memory or allows an
increased signal cycle time, and vice versa.

4.3.2.4 Marker signals and waveform length

The R&S SFI100A provides the possibility to define marker signals that are sent to the
marker outputs in synchronicity with the 1/Q output signals. Marker signals can be
either predefined or later defined.

The 1/Q data and marker data are located in separate memory areas of the SDRAM
and can be independently configured. Each marker signal requires 1 bit of the availa-
ble memory size. Sometimes, it is useful to generate a modulation signal without extra
marker signals to increase the maximum waveform length.

The following example explains the dependency between the number of enabled
marker signals, the available memory size, and the resulting waveform length.

Example: Calculating the maximum waveform length

The calculation assumes a R&S SFI100A base unit with an ARB memory of 2 Gsam-
ple, see Chapter 4.3.1, "Required options", on page 64.
® Total memory size = 512 Gbyte
® Required memory size (per complex sample) = 32 bit + 4 bit = 36 bit = 4.5 byte,
where:
— Theraw I/Q samples are saved as 16-bit values. For the length of the 1/Q data

that is:
2 x 16 bit = 32 bit (16 bit per I/Q channel)

— Each marker requires one bit. Four enabled markers require 4 bit.

® Maximum waveform length with 3 markers = 512 Gbyte / 4.5 byte =
113,000 Msample

® Theoretical maximum waveform length (no markers) = 512 Gbyte / 4 byte =
128,000 Msample

A memory size of 512 Mbyte yields a maximum waveform length of 113 Gsample, if
three markers are enabled. The maximum waveform length increases to 128 MGsam-
ple, if the internal hardware markers are used, and the complete memory is available
for 1/Q data.
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4.3.3 ARB settings

Access:
» Select "Baseband" > "ARB".

The "ARB" dialog provides settings to play waveform files and access to settings to
create waveform test signals and multicarrier waveform signals.

The remote commands required to define these settings are described in Chap-
ter 13.16.2, "SOURce:BB:ARBitrary subsystem", on page 531.

Settings:

®  ARB general SEtHNGS. .. .uuiiiiiiiiii e e e 69
o  Sine test SigNal SEHINGS....coii i 72
e Rectangular test signal SEttNGS....ccuuiiii i 73
e Constant IQ test signal Settings........ccvuviiiiiiiii e 75
L I Iy o o [T ==Y 1] o 76
O Marker SEHINGS. ..uuuuu i —————— 80
L I O [ T =T 11T 1 PR 81
L I €1lo) o =1 WoTe] ol g =Tex (o] g =T~ 11 0o [ 3 82

4.3.3.1 ARB general settings

Access:
» Select "Baseband" > "ARB".

This tab provides general settings to select and create a waveform file and enable
the ARB.

Trigger In Clock
Set To
Default

e Load Waveform ... o Waveform Info ...
sine_test_signal

Clock Frequency

100.000 000 kHz
Create Waveform

Create Multi Carrier ...

Test Signal Form ]
_ v Create Test Signal ..
Sine
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Settings:

] = (= T 70
T A Lo B LY =TV S POPPOPRPRRR 70
[IoF=To VAV E= 1Y (o] o o PP 70
LA 2 NVZ=) (o] 1 g T L o TSRO 71
(04 1o Tor Q1 1 (=T [0 11 o (o3 Y 2R 71
(OF=T= ) (oI |V V1L (R OF= T 4 =T U 71
TSt SIGNaAl FOMM..eee et e e e eb e e e e e 71
Create Test SIgNal.... ... 72
State

Enables ARB modulation. Switching on the ARB turns off all the other digital standards
and digital modulation types in the same signal path.

The output is based on the waveform file that is loaded. The name of the waveform file
is displayed next to "Load Waveform". When a multi-segment waveform is loaded, the
display expands and lists more settings, grouped in the "Multi Segment Waveform
Options" section.

Note: ARB stays disabled.

You cannot enable the ARB in the following cases:

® No or empty waveform file
By default, no waveform file is loaded. The "Load Waveform" button displays
"None".
Remedy: Select a waveform file, before activating the ARB.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:STATe on page 535

Set To Default
Calls default settings, see Table 4-3.

Table 4-3: ARB default settings

Parameter Value
State Off

Clock Frequency 1 MHz
Trigger Mode Auto
Trigger Source Internal
Marker State Off

Marker Mode Unchanged
Clock Source Internal

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:PRESet on page 535

Load Waveform
Opens the standard "File Select" function of the instrument. The provided navigation
possibilities in the dialog are self-explanatory.
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The waveform files have a predefined file extension * . wv. If you select a file, the dia-
log displays short information about the selected waveform.

Enable the ARB to trigger the instrument to load and process the selected waveform
file.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:WAVeform: SELect on page 540

Waveform Info

Opens a dialog with detailed information about the currently selected waveform. The
display depends on whether the selected waveform file is a multisegment one or not.
All parameters are read only.

Waveform Info - X

Filename: Sgnr_test.wv

Path: /var/user/

Date: 2824-84-26;12:89:17

File size: 4931681 Bytes

Clock: 1.22880868000000000002+88 Hz
Marker 1: Available

Marker 2: Available

Marker 3: Available

Marker 4: Not Available

Option String: SMx/WinIQSIM2-K444 (5G NR)
Peak Level: -8.915 dBFS

RMS Level: -12.188 dBFS

Samples: 1228808

Remote command:

ecmse [
n.a.

For non-multi-segment waveform files, use the Tag commands. See Chapter 4.3.5,
"Tags for waveforms, data and control lists", on page 94.

Clock Frequency
Displays or sets the ARB output clock rate.

The value of this parameter is set to the clock rate defined in the loaded waveform file
({CLOCK} tag). The value can be changed afterwards.

Note: The clock frequency must match the value of the externally applied clock source.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:CLOCk on page 542

Create Multi Carrier
Opens the dialog for creating multicarrier waveforms, see Chapter 4.4, "Generating
multicarrier waveform signals”, on page 103.

Test Signal Form

Selects the form of the test signal. A choice between a sinusoidal, rectangular, AWGN
or test signal with constant 1/Q is provided.
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To access further settings, select Create Test Signal.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:SIGNal:TYPE on page 536

Create Test Signal

Opens a dialog with further test signal settings. Provided are the following test signals:
® Chapter 4.3.3.2, "Sine test signal settings", on page 72

® Chapter 4.3.3.3, "Rectangular test signal settings", on page 73

® Chapter 4.3.3.4, "Constant |1Q test signal settings", on page 75

4.3.3.2 Sine test signal settings

Access:
1. Select "Baseband" > "ARB" > "General".
2. Select "Test Signal Form" > "Sine".

3. Select "Create Test Signal".

Arbitrary Waveform Mod: Sine Test Signals —

Frequency

1.000 00 kHz
Samples Per Period Phase Offset Q

100 90.00 deg

t/ Tsample t/ TSample

Generate Signal File | eGenerate Signal RAM

This dialog provides settings to configure a sinusoidal test signal. A sine wave is
generated on the | path, and a sine wave of the same frequency but phase-shifted
is generated on the Q path. For more information, refer to Chapter 4.3.2.2, "ARB
test signals”, on page 66.

The dialog displays the characteristic of the currently selected signal.

Settings:

[ (=To [§]=T o o PP POPPPR 73
S F= ] o1 (=TSN o T= T ol =Y T Yo [ 73
Phase OffSEt Ql.eiiiiiiiiii e et st e e s eb e e e e e ee e e e e nnreas 73
Generate SigNal File.......ooooiiieieeeccre e e e e e 73
Generate SigNal RAM....... s e e e e e e e e e e e e e e e e e e e e e e eeeeee e arara———— 73
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Frequency
Enters the frequency of the test signal.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:TSIGnal:SINE: FREQuency on page 537

Samples per Period
Enters the number of sample values required from the sine wave per period.

The maximum allowed value is determined by the maximum ARB clock rate and the
selected frequency.

For more information, refer to the specifications document.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:TSIGnal:SINE:SAMPles on page 538

Phase Offset Q
Enters the phase offset of the sine-wave signal on the Q channel relative to the sine-
wave signal on the | channel.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:TSIGnal:SINE:PHASe on page 538

Generate Signal File
Generates a signal and saves it as a waveform file on the hard disk. Use the standard
"File Select" function to save the file.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:TSIGnal:SINE:CREate:NAMed on page 538

Generate Signal RAM
Generates a signal and uses this signal as output straight away. The instrument saves
the file using a predefined filename.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:TSIGnal:SINE:CREate on page 539

Rectangular test signal settings

Access:
1. Select "Baseband" > "ARB" > "General".

2. Select "Test Signal Form" > "Rect".
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3. Select "Create Test Signal".

Frequency
1.000 00 kHz
Samples Per Period
100
Amplitude
0.800 FS
Offset DC
0.000 FS
Generate Signal File | eGenerate Signal RAM

This dialog provides settings to configure a rectangular test signal. A rectangular
test signal with a duty factor of 0.5 is created. Amplitude and offset are adjustable.
Both paths, | and Q, use the same signal.

For more information, refer to Chapter 4.3.2.2, "ARB test signals", on page 66.

Settings:

=0 (U= o o RSNt 74
S T= T 0] 0] LTS o 1= =Y T Yo [N 74
N g o 110 T = USSP 74
L1 7= 0I5 LSRR 75
Generate SigNal File.......ooi i 75
Generate SigNal RAM........ooi e 75
Frequency

Enters the frequency of the test signal.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:TSIGnal:RECTangle:FREQuency on page 536

Samples per Period
Enters the number of sample values required for the rectangular signal per period.

The maximum allowed value is determined by the maximum ARB clock rate and the
selected frequency.

For more information, refer to the specifications document.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:TSIGnal:RECTangle:SAMPles on page 537

Amplitude
Enters the digital amplitude of the rectangular wave. The abbreviation FS means full-
scale.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:TSIGnal :RECTangle:AMPLitude on page 536
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Offset DC
Enters a DC component.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:TSIGnal:RECTangle:OFFSet on page 537

Generate Signal File
Generates a signal and saves it as a waveform file on the hard disk. Use the standard
"File Select" function to save the file.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:TSIGnal:RECTangle:CREate:NAMed
on page 538

Generate Signal RAM
Generates a signal and outputs it straight away. The instrument saves the file using a
predefined filename.

Remote command:
[ :SOURce<hw>] :BB:ARBitrary:TSIGnal:SINE:CREate on page 539

4.3.3.4 Constant IQ test signal settings

Access:
1. Select "Baseband" > "ARB" > "General".
2. Select "Test Signal Form" > "Const 1Q".

3. Select "C