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Chapter 1

General Information

Revision 1.7
12NC 4031.601.10401

1.1 About this Manual
This manual contains directions for use that apply to the CNT-100 series Multi-Channel Frequency Analyzers,

such as CNT-104S, CNT-104R, CNT-102 and measurement option of FTR-210R GNSS disciplined Frequency
and Time Reference.

This manual targets Firmware release v1.4.1 and higher.

1.2 Warranty

The Warranty Statement is part of the folder Important Information that is included with the shipment.

1.3 Declaration of Conformity

The complete text with formal statements concerning product identification, manufacturer and standards used
for certification type testing is available on request.



Chapter 2

Preparation for Use

2.1 Preface

2.1.1 Introduction

Congratulations on your choice of Measurement Instrument - CNT-100 series Multi-Channel Frequency Ana-
lyzer!

It will serve you well and give you today’s ultimate performance for many years to come, whether you work with
advanced ultra-high resolution frequency analysis in R&D, high-precision calibration in Metrology, or high speed
testing of time & frequency in test systems.

Your instrument is the industry’s first bench-top multichannel frequency counter/analyzer designed to bring a
new dimension to bench-top and system frequency counting and analysis. It gives significantly increased per-
formance compared to traditional Timer/Counters. Depending of the model you have chosen, your instrument
may have 4 or 2 channels (1 - for measurement option of FTR-210R GNSS disciplined Frequency and Time
Reference).

The CNT-100 series Multi-Channel Frequency Analyzers offer for example the following benefits:

e Four (CNT-104S, CNT-104R) or two (CNT-102) parallel time-stamping input channels means you have mul-
tiple independent frequency counters in one box. An enormous save of money and space in test systems

e Phase-compare 4 (CNT-104S, CNT-104R) or 2 (CNT-102) stable frequencies continuously in real time in a
time metrology lab, without the need for external signal switching

e The parallel-channel time-stamping design, where all channels run on the same time scale, allows to mea-
sure Time Interval with multiple stop channels, which is very valuable for exact timing of one-shot events

e Graphical intuitive User Interface, with large 5” color touch-screen control

e Easy control of instrument via mouse, web interface or VNC client.

e Up to 13 digits of frequency resolution per second and up to 7 ps resolution/timestamp

¢ A high measurement rate of up to 20M readings/s to internal memory

e Optional oven-controlled timebase oscillators

e Choice of RF prescaler options with upper frequency limits ranging from 3 GHz to 24 GHz
e Integrated 1Gbit Ethernet interface with SCPI commands support

2.1.1.1 Powerful and Versatile Functions

In addition to the traditional measurement functions of legacy timer/counters, these instruments have a multi-
tude of other functions such as Multi-stop Time Interval, Phase, Duty factor, Rise/Fall time, Slew Rate, TIE (Time
Interval Error), Totalize and Peak Voltage. The CNT-100 series Multi-Channel Frequency Analyzers introduce
the concept of parallel measurements, for example 4 frequency measurements in parallel, or one rise time plus
one fall time measurement in parallel on the same pulse. Even on single-shot pulses!



By using the built-in mathematics and statistics functions, the instrument can process the measurement results
on your benchtop, without the need for a controller. Math functions include inversion, scaling and offset. Statis-
tics functions include Max, Min and Mean as well as Standard and Allan Deviation on sample sizes up to 32x10°.

2.1.1.2 No Mistakes

You will soon find that your instrument is self-explanatory with an intuitive user interface. A settings menu
tree with few levels makes the CNT-100 series Multi-Channel Frequency Analyzers easy to operate. The large
graphic LCD is the center of information and can show you several signal parameters at the same time as well
as status.

Measurement samples are presented as numeric values, or graphically over time, to reveal signal stability, trends,
or modulation. Stability information can easily be presented as value distribution or trend plots in addition to
complete numerical calculation results like max, min, mean and standard deviation.

The Autoset function is available on any input waveform and can make best settings of the currently selected
measurement function. Use the built-in web server interface or VNC to get an enlarged view of the front panel
on your desktop or laptop PC, tablet or even mobile phone. You can control every setting, start & stop measure-
ments, and even download measurement data.

2.1.2 Design Innovations

2.1.2.1 State of the Art Technology Gives Durable Use

These instruments are designed for quality and durability. The modern design with high integration and low
component count reduces power consumption and results in an MTBF of 15,000 hours. A rugged mechanical
construction, including a metal cabinet that withstands mechanical shocks and protects against EMI, is also a
valuable feature.

2.1.2.2 High Resolution

The use of reciprocal interpolating time-stamping counting, combined with a smart calibration algorithm, results
in excellent resolution: <7 ps per time stamp or 12-13 digits/s in frequency measurements for all frequencies
(for CNT-104S, CNT-104R or FTR-210R with Options 230 and 121F).

Timestamps of trigger events are taken continuously, and the frequency values are calculated on the fly, while
the set measurement is running without interruption in the background, thereby assuring gap-free zero-dead-
time measurements between samples. Minimum time between calculated values is 50 ns or 1 us (depending
on particular model and corresponding license installed), meaning a sampling speed of 20 MSa/s or 1 MSa/s
correspondingly.

2.1.3 Remote Control

This instrument is programmable via Ethernet.

Ethernet is the primary interface intended for use in test systems, on lab benches, and fully remote control and
monitoring from “anywhere in the world”.

The web interface and VNC server are included, which gives you an exact copy, pixel by pixel, of the instrument’s
screen. All instrument settings can be controlled from the web interface or VNC, and result data can be read.

In test systems, the instrument uses the standardized SCPI language for programming the instrument’s functions
and reading the results.

2.1.3.1 Fast Data transfer over remote interfaces

The bus transfer rate is up to 425 measurements/s for individually triggered measurements, and 170k measure-
ments/s in block transfer mode. Array measurements to the internal memory can reach 20M measurements/s.

This very high measurement rate makes new measurements possible. For example, you can perform jitter analysis
on several tens of thousands of pulse width measurements and capture and transfer them in less than a second.

The 4-channel parallel frequency measurement architecture significantly improves measurement speed, com-
pared to using 4 separate frequency counters, and individually addresses them in a sequence.



Programmer’s Handbook helps you understand SCPI and the instrument’s programming. Complete counter set-
tings can be stored and can easily be recalled on a later occasion.

2.2 Safety

2.2.1 Introduction

Please take a few minutes to read through this part of the introductory chapter carefully before plugging the line
connector into the wall outlet.

This instrument has been designed and tested for Measurement Category |, Pollution Degree 2, in accordance
with EN 61010-1:2011, and CSA C22.2 No 61010-1-12 (including approval). It has been supplied in a safe
condition. Study this manual thoroughly to acquire adequate knowledge of the instrument, especially the section
on Safety Precautions hereafter and the section Installation.

2.2.2 Safety Precautions

All equipment that can be connected to line power is a potential danger to life. Handling restrictions imposed
on such equipment should be observed.

To ensure the correct and safe operation of the instrument, it is essential that you follow generally accepted
safety procedures in addition to the safety precautions specified in this manual.

The instrument is designed to be used by trained personnel only.

2.2.3 Serviceable parts

There are no parts or components inside the instrument that are serviceable by user.

Removing the cover for repair, maintenance, and adjustment of the instrument must be done by qualified per-
sonnel who are aware of the hazards involved.

The warranty commitments are rendered void if unauthorized access to the interior of the instrument has taken
place during the given warranty period.

To prevent electrical shock or damage to the device, do not insert foreign objects into any openings or ports
except as explicitly instructed in this User Manual for the intended replacement of parts or the installation of
approved accessories.

2.2.4 Caution and Warning Statements

Caution

Shows where incorrect procedures can cause damage to, or destruction of equipment or other property.

Warning

Shows a potential danger that requires correct procedures or practices to prevent personal injury.

2.2.5 Symbols

Several symbols are depicted on various parts of the instrument.

Shows where the protective ground terminal is connected inside the instrument. Never remove
or loosen this screw.




Grounding faults in the line voltage supply will make any instrument connected to it dangerous. Before connect-
ing any unit to the power line, you must make sure that the protective ground functions correctly. Only then can
a unit be connected to the power line and only by using a three-wire line cord. No other method of grounding
is permitted. Extension cords must always have a protective ground conductor.

Caution

If a unit is moved from a cold to a warm environment, condensation may cause a shock hazard. Ensure,
therefore, that the grounding requirements are strictly met.

Warning

Never interrupt the grounding cord. Any interruption of the protective ground connection inside or outside
the instrument or disconnection of the protective ground terminal is likely to make the instrument dangerous.

’ This symbol is used for identifying the chassis terminal. It is always connected to the instrument
chassis.

& Caution, risk of danger. User manual must be consulted when any action is made with any connec-
tor/terminal which this symbol refers to, in order to find out the nature of the potential hazards
and any actions which have to be taken to avoid them.

Personal safety is ensured when the input signal level is below 30 V,ns (when accidentally touching the input
signal lead)

Damage level for the input decreases from 350 V,, to 12V,n,s when you switch the input impedance from 1 MQ
to 50 Q.

Measurement BNC cables length shall be kept below 3m.

Circuits of external devices connected to BNC sockets, USB sockets and Ethernet sockets should be separated
from the power supply network (and from other sources of dangerous voltage) at the level of reinforced insu-
lation. This separation should not be confused with the permissible voltage of the external signal, including
the voltage of 350 Vp referred to in the manual. If the equipment is used in a manner not specified by the
manufacturer, the protection provided by the equipment may be impaired.

Fuse

The secondary supply voltages are electronically protected against overload or short circuit. The primary line
voltage side is protected by a fuse located on the power supply unit. The fuse rating covers the full voltage
range. Consequently, there is no need for the user to replace the fuse under any operating conditions, nor is it
accessible from the outside.

Caution

If this fuse is blown, it is likely that the power supply is badly damaged. Do not replace the fuse. Send the
instrument to the local Service Center.

Removing the cover for repair, maintenance and adjustment must be done by qualified and trained personnel
only, who are fully aware of the hazards involved.

Detachable mains supply cords

Detachable mains supply cords must be 3-wire IEC 60320 cords having connector type C13 on the side con-
nectable to the instrument, rated for at least 10A, 250 VAC. Don't use damaged or inappropriate cables.

Environmental requirements



The instrument is designed for indoor use only. The instrument must not be placed in potentially explosive
atmospheres.

Operating temperature and relative humidity: 0°C to +50°C at 5% to 75% relative humidity (when using in
bench-top installation), 0°C to +40°C at 5% to 75% relative humidity (when using in rack-mount installation)

Maximum operation altitude 4600 m. Storage temperature: -40°C to +71°C.

See Specifications for more information about environmental data.

2.2.6 Position, Orientation, Cooling and Connection of the Instrument

Recommended orientation for the instrument operation is horizontal, with all text labels on front panel oriented
parallel to the floor.

In case of bench-top use the instrument’s feet (optionally unfolded) should be standing on a horizontal surface.
In case of rack-mounted use, the mounting holes for the feet are supposed to be under the cabinet, all located
in a plane, parallel to the floor.

Make sure that the air flow through the ventilation slots at the side panels is not obstructed. Leave 5 centimeters
(2 inches) of space around the instrument.

Avoid positioning the instrument in a way that makes it difficult to disconnect it from the AC mains.

Never block access to power cords or power switches. Do not rely solely on unplugging the power cord as a
mean of emergency disconnection. Always ensure a readily accessible external power disconnection method is
available.

When laying out the mains cable be careful that you avoid tripping hazards and prevent damage to the electric
main.

2.2.6.1 Rack-mounting

When rack-mounting this instrument, it's crucial to ensure easy access to power disconnection in case of emer-
gencies, malfunctions, or maintenance needs. Failure to do so can lead to extended, potential equipment damage,
or even safety hazards.

Power Strip Placement. Utilize a rack-mounted power strip with readily accessible power outlets. Position the
power strip so its power switch and individual outlet switches are easily reachable, even when the rack is fully
populated. Consider using a power strip with remote management capabilities.

Emergency Disconnect. Consider installing a dedicated Emergency Power Off (EPO) switch within easy reach
of the rack. This switch should disconnect power to the entire rack or specific sections in an emergency. Clearly
mark the location of the main power breaker or disconnect for the rack in the facility’s electrical panel. Ensure
personnel are aware of its location.

2.2.7 Disposal of Hazardous Materials

This instrument uses a 3 V cell lithium battery to power real time clock. It is installed in a dedicated holder and
can be replaced by qualified personnel aware of potential hazards involved.

Warning

Disposal of lithium cells requires special attention. Do not expose them to heat or to excessive pressure,
which may cause the cell explode. Make sure they are recycled according to the local regulations.

You should dispose of your worn-out instrument, after a long and happily life, at an authorized recycling station
or return it to Pendulum Instruments.

AL

RoHS

COMPLIANT



2.2.8 Potentially poisonous or injurious substances

This instrument uses a 3V cell lithium battery which is hermetically sealed and does not have any hazard potential
except if damaged or dismantled. Never try to disassemble or damage the battery! Do not allow battery contact
with water or other liquids. Never swallow. Keep beyond the reach of infants. In case of mistreatment or damage
the substances contained inside the battery may be released, which can lead to distortion, leakage (unintended
escape of liquid from a battery), overheating, explosion, or fire and cause human injury or equipment trouble.
The battery contains Lithium / Manganese Dioxide, with Li component less than 0.3 g.

2.2.9 If in Doubt about Safety

Whenever you suspect that it is unsafe to use the instrument, you must make it inoperative by doing the follow-
ing:

e Disconnect the line cord

e Clearly mark the instrument to prevent its further operation

e [nform your Pendulum Instruments representative.

Do not overlook the safety instructions!

For example, the instrument is likely to be unsafe if it is visibly damaged.

2.3 Unpacking

Check that the shipment is complete and that no damage has occurred during transportation. If the contents are
incomplete or damaged, file a claim with the carrier immediately. Also notify your local Pendulum Instruments
sales or service organization in case repair or replacement may be required.

2.3.1 Check List

The shipment should contain the following:
e Power supply Line cord
e Printed version of the Getting Started Manual Brochure with Important Information Certificate of Calibra-
tion

e Options you ordered should be installed. See Identification below.



Note: To ensure always up-to-date user documentation, the User Manual (this document) and Programmer’s
Handbook are not included on any media in the shipment. Instead, the user documentation can be read on-line
or downloaded as PDF from manuals.pendulum-instruments.com

2.3.2 ldentification

The type plate on the rear panel shows type number and serial number. Installed options are listed under the
menu About, where you can also find information on firmware version and calibration date.

2.3.2.1 Product code (for CNT series only)
Product code (also called 12NC): 9446 101 ONXYZW

The instrument is configured using factory installed HW options, and customer installable options via SW license
keys. The 12NC code only describes the HW configuration. SW enabled options and built-in measurement apps
are coded separately, and not shown in the HW configuration 12NC code

N = Number of 400 MHz inputs
e 2 =two inputs
e 4 = four inputs
X = RF/Microwave frequency option
e 0=None
e 6 =3 GHz (Option 10)
e 7 =10to 24 GHz CW (Option 110, SW upgradable from 10 to 24 GHz)
e 9 = Customer special
Y = Oscillator option
e 2 =TCXO (standard oscillator in CNT-100 series Multi-Channel Frequency Analyzers, except CNT-104R)
e 5 =0CXO, High stability (Option 30)
e 6 = OCXO, Ultra-high stability (Option 40)
e 7 = Rubidium (standard oscillator for CNT-104R)
e D = GNSS-disciplined Rubidium (Option 55 GNSS receiver and Rubidium)
Z = Rear panel inputs and other hardware options
e 1 = Standard
e 2 =Rearinputs A, B (+ D, E in CNT-104S, CNT-104R) and C (for options 10, 110)
e 9 = Customer special
e A =Rearinputs A, B (+ D, E for CNT-104S, CNT-104R)
e C = Rear input C (for options 10, 110)
W = special bundles
e R =Bundle CNT-104R
e S =Bundle CNT-104S

2.3.2.2 Software options
Product code for ordered software licenses (12NC): 9446 101 XXXYY
XXX/YY = Main option / Version. NOTE: the first “X” cannot be a 0
110 group - Prescaler frequency upgrade

e 110/15 = upgrade from 10 to 15 GHz CW input C SW

e 110/20 = upgrade from 15 to 20 GHz CW input C SW


http://manuals.pendulum-instruments.com/

e 110/24 = upgrade from 20 to 24 GHz CW input C SW
130 group - Enable HW inputs/outputs

e 132 = Enable Pulse output SW
150 group - Enable measurement functions

e 151 = Enable TIE measurements

2.3.2.3 Hardware Accessories
Product code for ordered accessories (12NC): **9446 108 XXYYY
XX/YYY = Main option / Version

9446 108 01200 Option 01/200 Multi-GNSS antenna with mounting kit, N-connector
9446 108 0200A Option 02/A Antenna cable adapter SMA to TNC

9446 108 02020.T Option 02/20T Antenna Cable, 20 m, N to TNC

9446 108 02050.T Option 02/50T Antenna Cable, 50 m, N to TNC

9446 108 02130.T Option 02/130T Antenna Cable, 130 m, N to TNC

2.4 Installation

2.4.1 Safety precautions

Please carefully study Safety chapter before installation of the instrument.

2.4.2 Supply Voltage

The instrument may be connected to any AC supply with a voltage rating 100-240 Vac 50-60 Hz (Nom.). The
instrument automatically adjusts itself to the input line voltage.

2.4.3 Fold-Down Support

For bench-top use, a fold-down support is available for use underneath the instrument.



Fig. 2.1: Fold-down support for comfortable bench-top use.

2.4.4 Rackmount Adapter - one unit

Fig. 2.2: Dimensions for rackmounting hardware.

If you have ordered a 19-inch rack-mount kit for your instrument, Option 22/90 for one instrument, it has to be
assembled after delivery of the instrument. The rackmount kit consists of the following:
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e 2 brackets, (short, left; long, right)
e 4 screws, M5 x 8

e 4 screws, M6 x 8

Warning

Do not perform any internal service or adjustment of this instrument unless you are qualified to do so.

Fig. 2.3: Fitting the rack mount brackets on the instrument.

2.4.5 Assembling the Rackmount Kit (Option 22/90)

Rubber feet | | Plastic stand

Fig. 2.4: Assembling the Rackmount Kit (Option 22/90)
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e Turn the device upside down

e Remove the rubber feet in the plastic stand

e Loosen the screws underneath the rubber feet

e Remove the plastic stands

e Remove the four decorative plugs that cover the screw holes on the right and left side of the front panel.

e The long bracket in Option 22/90 has an opening so that cables for Input signals can be routed inside the
rack.

e Mount the rackmount kit with the included screws

2.4.6 Reversing the Rackmount Kit

The instrument may also be mounted to the right in the rack. To do so, swap the position of the two brackets.

2.4.7 Rackmount Adapter - two units

This rackmount adapter can hold any two standard Pendulum % x 19” units.

Fig. 2.5: Rackmount Adapter - two units

If you have ordered the Option 22/05 rack-mount kit for two instruments, it has to be also assembled after
delivery of the instrument. The rackmount kit consists of the following:

e 4 Brackets, rear

1 Hinge Spring Latch

2 Ear, rack

1 Assembly instruction, SXS Rack kit
2 Screws M4x8

8 Screws M5x10

1 Spacer M4x16

12



2.4.8 Assembling the Rackmount Kit (Option 22/05)

Rubber feet | | Plastic stand

Fig. 2.6: Assembling the Rackmount Kit (Option 22/05)

Turn the devices upside down

Remove the rubber feet in the plastic stand
Loosen the screws underneath the rubber feet
Remove the plastic stands

Remove the four decorative plugs that cover the screw holes on the right and left side of the front panel.

Use the following steps to complete the side by side rack mount installation for your products. If necessary, refer
to the item numbers in the following diagram for additional detail.

Determine where you would like each unit positioned (i.e., on the right or left side)

If plugs exist on the mounting holes on the front left and right side of product cover, remove and discard
them

Using screwdriver, screw the rack ear (Item #2) into place using the supplied 10mm screws (ltem #5)
Pinch the hinge pins together to separate the right and left hinge halves (Iltems #3 and 4)

Attach hinge halves to the unit with hinge facing towards the front (as displayed in diagram)

Using a screwdriver, remove the existing rear brackets on the back of each unit

Using existing machine screws removed in previous steps, attach the rear brackets supplied with the
mounting kit (Item #1)

Pinch the hinge pins together into the stored position. Align the hinge halves together between the two
units, and swing together side by side. The hinge pins should snap into place securing the front of the two
units together

Take the supplied Hex Spacer (Iltem #7) and place between middle rear brackets, and secure using the
supplied 8mm screws (ltem #6)

Assembly is now ready for installation into standard 19” rack

13



Fig. 2.7: Rackmount Adapter - two units

2.4.9 Antenna Installation

Note

Only for CNT-104R with Option 55 (GNSS), FTR-210R.

2.4.9.1 What antenna and cabling to choose?

It is possible to order matching antenna, mounting kit and antenna cabling directly from Pendulum Instruments.
For ordering information please see Hardware Accessories.

For choosing third-party antenna and cable please consider the following:

e GNSS antenna input located at the rear panel of the instrument is SMA connector. Use antenna cable with
male type of SMA connector or appropriate adaptor.

e The instrument supports L1 and L5 bands. Choose antenna accordingly.

e The instrument outputs 5V supply voltage on antenna connector for powering active antennas. Choose
active antennas with 5V power.

e Use high-quality antenna cables to minimize the losses. Use low noise amplifiers if antenna cable has to
be long. Make sure that the total external gain at the antenna input of the instrument is in the range of 17
to 50 dB.

2.4.9.2 Where and how to mount the antenna?

A GNSS receiver needs to receive signals from as many satellites as possible. Optimal performance will not be
available in narrow streets and underground parking lots or if objects cover the antenna. Poor visibility may
result in large time phase variation and long self-survey time.

Mounting Location - Key Principles:
e Unobstructed View of the Sky (360°)
- In urban areas mount on a rooftop or tall mast, ideally the highest point nearby.

- Avoid obstructions like buildings, trees, poles, or satellite dishes.
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- You need an unobstructed view of the sky above ~10° elevation angle from the horizon in all directions
(e.g., 10° to 90° elevation).

e Minimize Multipath Effects

Multipath happens when signals reflect off nearby surfaces and interfere with direct signals. Avoid mount-
ing near metal surfaces, HVAC units, fences, railings and other reflective objects and surfaces. If unavoid-
able, use a ground plane or a choke ring antenna to reduce multipath.

e Stable, Vibration-Free Surface

Mount on arigid, stable surface to prevent movement that could affect accuracy. For high-precision timing,
even tiny movements can degrade time stability.

e Away From RF Interference
- Keep away from high-power transmitters (cell towers, radar, TV, etc.).
- Also avoid electronics that may emit EMI (electromagnetic interference).
How to Mount the GNSS Antenna:
e Use a Ground Plane (if not included).

Helps reduce multipath. A 10-30 cm metal disk or plate under the antenna is often sufficient. Some
antennas (like choke ring types) have this built-in.

e Mount Vertically (Upward Facing)

e Avoid cable sharp bends or kinks.

e Weatherproofing
- Use a weather-rated antenna (IP65 or better).
- Use weatherproof connectors.

- Install the antenna near a lightning rod, so that it lies within 45° angle from the top of the lightning
rod, below it.

- Bond the antenna mount to the building protection earth.

- Install an inline GNSS lightning arrestor indoors at the building entry point of the cable.

Note

It must be at least 8 m of cable after the lightning arrestor to guarantee its proper function.
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Chapter 3

Getting Familiar with the Instrument

3.1 Stand-by button

| Stand-by button is located in the left side of the front panel and is intended for switching stand-by
mode of the instrument.

For putting the instrument into stand-by mode, please hold the button for 3 seconds. For waking it up again,
pressing the button is enough.

In stand-by mode, the instrument is not completely disconnected from the AC mains but remains in a state of
low power consumption. The instrument’s internal oscillator continues to operate. For CNT-104R with Option
55 (GNSS), FTR-210R the GNSS receiver also remains active, and oscillator disciplining settings are maintained in
stand-by mode. Stand-by mode is indicated by an illuminated LED above the stand-by button on the instrument’s
front panel.
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3.2 Front & Rear Panels

USB Host ports Main screen

The ports allow to use keyboard/mouse  Graphics display for touch

to control the device, Wi-Fi dongle for seltings, result readout, graphs,
wirgless connection, USB Mass Storage  status indication and more

that holds measurement results, settings
presets, PW update files.

STANDBY LED

The LED lights up when the Analyzer is
n STANDY mode and blinks when the
display is off, but the device is powered
on.

In STANDBY mode internal timebase
oscillator is kept powered on.
STANDBY/ON

Pressing this button toggles STANDBY
mode.

STANDBY LED STANDBY/ION

The LED lights up when Toggling secondary

the Analyzer isin power switch. Pressing
STANDEY mode, this button in standby
indicating that power is mode turns the Analyzer
still applied to an internal ON and restores the
optional OCX0, sattings as they wera at

power-down

Fig. 3.1: Front panel of CNT-104S

Hard keys

Auto Set (hest settings)
RUN/HOLD measuraments
Restart measurements
Home key (goto start screen)
Back {go to previous screen)

CNT-104S plelndulufni
i D S

Input Channels

A, B: 400 MHz channels
with BNC inputs. Always
present

D, E: 400 MHz channels
with BNC inputs

C: 400 MHz to 3/24 GHz
optional microwave input
{prescaler input)
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Fig. 3.3: Rear panel of CNT-102
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3.3 Home Screen

Note

Pictures below illustrate display of CNT-104S model.

For CNT-102, channels D, E are not available and areas, fields and graphical objects for corresponding to
these channel are not present. Up to 2 signals can be measured in parallel.

For FTR-210R, channels B, D, E, C are not available and areas, fields and graphical objects for corresponding
to these channel are not present. Only one signal can be measured in parallel.
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Switch between data

Save Measurement Data

Measurement Presets Settings

Measurement Function (view/select) File Manager Mirror Hard Buttons

(for easy remote control)

2Xi/N [ W il
400.000 000 0324

999.999 9990928  mhz
19.999 999 99996 GHz
2.048 000 000 068wz

representations

Configure & control { Frequency A,B,C,D
L

View data <

-

View Status {

+

Indicator Area Gate Open Indicator

Trigger Indicators
Measurement Progress

Measurement State

Fig. 3.4: Numeric screen of CNT-104S

Measurement State:

e RUN - next measurement will start automatically as soon as current one is over. Pressing RESTART in
this state starts new measurement, measurement state remains RUN. Pressing RUN/HOLD in this state
changes the state to SINGLE, but current measurement continues. Exception is Totalize measurement
functions, when state is changed to HOLD.

e SINGLE - measurement is in progress. After measurement is over - measurement state will change to
HOLD, no new measurement will start. Pressing RESTART in this mode starts new measurement, mea-
surement state remains SINGLE. Pressing RUN/HOLD in this state stops the measurement and changes
state to HOLD.

e HOLD - measurement is not active. Results of previous measurement are displayed. Pressing RESTART
starts new measurement and changes state to SINGLE. Pressing RUN/HOLD in this state starts new mea-
surement and changes state to RUN.

Indicators:

e Trigger indicators - if signal crosses set trigger level(s) for particular input, then corresponding trigger in-
dicator is lit, otherwise it is grayed out.

e GATE - red when measurement is active, grayed out otherwise.

e MATH - Math function is active. User selectable formula is applied to one or all (depending on user choice)
measurement series.

e LIM - Limits function is active. Values of one or all (depending on user choice) measurement series are
checked against the limit(s) specified by the user. User can configure the desired behavior when measure-
ment data exceeds the limit(s).

e ER - External Reference clock is used as a timebase for measurements.

e REM - instrument is now in Remote state (controlled by remote application). In this state the instrument
can not be controlled from the front panel. Press BACK to switch to Local state and enable front panel
control. Alternatively, tap/click the screen and push Unlock screen button in the message box that pops
up. If REM! indicator is displayed, Remote Lockout mode is active and BACK button cannot be used to
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return to Local Mode. Only remote party can undo this state. In web interface or VNC client use F7 key in
place of BACK.

e ARM - measurement configured to start and/or stop on arming signal.
3.4 Settings

Note

Pictures below illustrate display of CNT-104S model.

For CNT-102, channels D, E are not available and areas, fields and graphical objects for corresponding to
these channel are not present. Up to 2 signals can be measured in parallel.

For FTR-210R, channels B, D, E, C are not available and areas, fields and graphical objects for corresponding
to these channel are not present. Only one signal can be measured in parallel.

Return to Home (Measurement) Screen

Go to previous Settings screen

Settings

Measurement TIE
Advanced Pulse Output
Arming Timebase Calibration
Settings Categories —

Inputs Voltage Calibration

Mathematics User Options

Limits Measurement Presets

Show Analyzer info
(FW versions, installed options, licenses, etc)

Fig. 3.5: Settings menu
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Return to Home (Measurement) Screen

Go to previous Settings screen

Use top bar controls for faster S tt- A .
navigation across settings e lngs - rmlng v
Start Arming Sou
Start Arming Slope
Positive

Start Arming Delay
Click settings item to change its value.

Settings items not relevant for current Stop Arming Source
configuration are greyed out.

Show Analyzer info
(FW versions, installed options, licenses, etc)

Fig. 3.6: Arming menu

Select particular _
function

Select function

logical group Click on selected inputs to change their slopes

Positive Slope
(up arrow)

Group Function Inputs

Negative Slope
Frequency u m B (down arrow)

Period Time Inter. Single

“ Clear selected inputs
Acc. Time Interval to set different ones
Puse Phase afs]o]e
. Pick inputs to be used
Totalize Acc. Phase for measurement
Voltage TIE E
H kR

Quick help on currently selected function

Fig. 3.7: Function and inputs selection menu

Inputs description:

e A, B, D, E - maininputs. D and E are available only on CNT-104S, CNT-104R. B is available only on CNT-
104S, CNT-104R, CNT-102.

e A2,B2,D2, E2 - supplementary comparators of main inputs (e.g. for measuring time intervals inside multi-
level signals). D2 and E2 are available only on CNT-104S, CNT-104R. B2 is available only on CNT-104S,
CNT-104R, CNT-102.

e C - optional high frequency input. Available on CNT-104S, CNT-104R, CNT-102 with options 10, 110.
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EA - External Arming input. Available on CNT-104S, CNT-104R, CNT-102.
ER - External Reference Input. Available on CNT-104S, CNT-104R, CNT-102.
Rb - 1-pps output of Rubidium timebase (internal signal). Available on CNT-104R, FTR-210R.

G - 1-pps output of GNSS receiver (internal signal). Available on CNT-104R with Option 55 (GNSS), FTR-
210R.

Built-in hints explain setting item

Use Sl prefixes for fast value input
meaning and constraints

Sample Interval

Defines gate time for Frequency
10 ps measurement. Please note, that if
signal period is larger than this value

8 then actual sample interval will be

equal to signal period

For Frequency, Sample Interval

should be 0 or in the range

Clear current value

Revert to previous value

Fig. 3.8: Numeric keyboard
3.5 Measurement Data Display

Note

Pictures below illustrate display of CNT-104S model.

For CNT-102, channels D, E are not available and areas, fields and graphical objects for corresponding to
these channel are not present. Up to 2 signals can be measured in parallel.

For FTR-210R, channels B, D, E, C are not available and areas, fields and graphical objects for corresponding
to these channel are not present. Only one signal can be measured in parallel.

View large numeric data from 4 measurement channels at the same time along with auxiliary data (e.g. voltage):
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Frequency A,B,C,D
2Xi/N

400.000 000 0324

A

View detailed statistics for all measurement channels (click numbers for particular channel to zoom):

999.999 999 928

lishsisiR) e iele)isfe e ic]e

2.048 000 000 068

Fig. 3.9: Numeric screen

Frequency A,B,C,D
1.2345

A

count
mean
min
max
P-p
std
adev

count
mean
min
max
P-p
std
adev

\n ."‘“,‘

42/100

399.999 999 9933
399.999 999 9367
400.000 000 0487
112

29

72

42/100
eliele)iefsleisleleiele
19.999 999 99570
20.000 000 00217

65
1.34
65

A
VA

42 %
MHz
MHz
MHz
mHz
mHz
E-12

42 %
GHz
GHz
GHz
Hz

Hz

= P

RUN

A Hm —

B

count
mean
min
max
pP-p
std
adev

count
mean
min
max
pP-p
std
adev

Fig. 3.10: Statistics screen
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View large graph/trend of
measured data vs time

and

Statistics Data
(click numbers for
particular channel

to zoom)

See how measurement
data is distributed

and

Statistics Data
(click numbers for particular
channel to zoom)
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Toggle graph smoothing On/Off

Show Zoom/Pan/Cursors & Data Readout controls

Show/Hide Statistics Data

Frequency A, B, D, E
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Fig. 3.12: Distribution graph screen

10.000 000 67:

500/500

10.00 1008
9.9 995
10.000 001 952
1.96

Show/Hide
Graph Curves

H
10.000 001 3472
000/10000
10.000 000 9998
9 99 9340
10.000 002 0594
213
299.6



Chapter 4

Measurement principles and concepts

4.1 Time and Frequency measurement principles

Block diagram on Fig. 4.1 demonstrates input signal transformation to series of time and frequency measurement
data points.

First, input signal gets into input amplifier. The generic role of input amplifier circuits is matching the input to
signal source, and optionally: attenuate or amplify it, remove DC offset and/or filter out high-frequency noise.

Please note: There are several kinds of input amplifier circuits (configurable input amplifiers, prescalers, fixed
input amplifiers), please refer to Input signal conditioning/Input Amplifiers chapter for more details about them.

After the input amplifiers the signal is digitized using one (inputs C, EA, ER, Rb, G) or 2 comparators (inputs A,
B, D, E on four-channel models, inputs A, B on two-channel models). It works the following way: when the
signal crosses the set trigger level, comparator generates a positive (in case of transition from below to above
the trigger level) or negative (in case of transition from above to below the trigger level) slope. Please refer to
Fig. 4.2 for an example.

Please note: For most measurement modes on inputs with 2 comparators, output of only one comparator is
used for measuring the signal from this input. However, there are measurement modes using both comparators
implicitly:

e Rise/ Fall Time and Slew Rate measurements use 2 comparators for getting Time Interval between lowest
(10%) and highest (90%) levels of the signal (see details in Rise Time, Fall Time, Rise-Fall Time);

e Pulse width and Duty Cycle measurements use 2 comparators to produce pulses on positive and negative
slope of a signal and measure Time Interval between these;

e Frequency and Period Average use 2 comparators to implement implicit wide hysteresis targeted on im-
proving noisy signals measurements (see details in Frequency/Period Average measurements chapter).

Second comparator can also be explicitly selected for measurement. E.g., Time Interval A, A2 will measure time
interval between signal level set by trigger level A and signal level set by trigger level A2 (can be useful for
measuring characteristics of multi-level signals, e.g. TDR measurements - see Dual Time Interval). It can also be
explicitly used as a source of start or stop arming.

Digitized signals from physical inputs are just pulse trains which can be multiplexed to 4 internal measurement
channels. Each measurement channel starts with Wide Hysteresis block. Wide Hysteresis block just passes
through the signal for most measurement functions except Frequency, Period Average, their Smart versions, TIE,
and Frequency Ratio for which implicit wide hysteresis is used for better noise tolerance (see Frequency/Period
Average measurements).

The resulting pulse train is then counted independently in each measurement channel. Measurement logic spe-
cific for each measurement mode makes snapshots of channel’s pulse counter, timestamps it and adds channel
number, forming series of so-called raw results.

Raw results are further post-processed in calculation block to form series of final value-timestamps pairs.
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Note

Block diagram below illustrate logic of CNT-104S, CNT-104R.
For CNT-102, channel D, E circuits are not available.

For FTR-210R, channel B, D, E, C circuits are not available.
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< T 3 Setyngs Control
] K] i
s s B
8 8 H L T H
£ s ' : t
| | — —
e | |
A Hysteresis ot
Configurable Input o | ‘ |
Amplifier 2
""" .
cre,
Hysteresis G2 puise Counter |———1
cre,
v
o, | | |
Hysteresis cHs
| \ |
L
8
[ : Raw Result
H £ syl Final Messurement Resuls
o g (Channel Number, Puise Goun. Tmestanp) ipes O
Hysteresis. CH4 Pulse Counter ————— z
o 3
. i
H
.
v —
aming
Arming
X Swp
3
2 aming
H

Timebase Control

1

Ext Arm ’—‘
(EA) F

Ext Ref ’7 Internal Oscillator
(ER) Fixed Input Amplif

Fig. 4.1: Input signal to Time & Frequency measurement results transformation

Trigger level A (70%) * *

Input signal /

Trigger |eVe| A2 (300/0) -----------------
Sample
interval
Signal after
comparators i
Raw Results (Nstart: Tstart) (NstopY Tslop)

Final Results Frequency = (Nstop-Nstart)(TstopTstart)

Fig. 4.2: Example of input signal to result transformation for Frequency measurement mode with Wide Hysteresis
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4.2 Voltage measurement principles

Measuring voltage of the input signal is available only on inputs A, B, D, E (for CNT-104S, CNT-104R) or on
inputs A, B (for CNT-102) or on input A (for FTR-210R). On each input there are 2 comparators used to search
for signal’s lower and upper levels. Multiple inputs can be measured in parallel.

Adaptive search algorithm is used which depends on Voltage Mode setting. Each voltage mode implies mini-
mum input signal frequency which the voltage measurement can handle. E.g. in Normal Voltage mode (default)
instrument is able to measure voltage of signals with frequencies starting with 100 Hz and above. Allowing
lower frequencies makes the voltage measurement slower so it is not recommended to set Voltage mode below
Normal unless really needed (one might want to consider using Autoset instead).

Table below summarizes Voltage Modes available :

Table 4.1: Voltage Modes

Voltage Mode Minimum Frequency Average Time to measure 1 voltage sample

Very Slow 1 Hz 15s
Slow 10 Hz 15s
Normal 100 Hz 450 ms
Fast 1 kHz 65 ms
Very Fast 10 kHz 30 ms

4.3 Sample Interval

On each measurement channel instrument can produce gap-free samples back-to-back as fast as 1 sample per
50 ns or 1 us (depending on particular model and corresponding license installed). When Sample Interval is set
below 50 ns on devices that allow it, it still implies 50 ns. However, for most cases one doesn't need samples
to be generated with such a high frequency, then using larger Sample Interval can be considered. In this case
samples in each measurement channel will be generated not faster than once per set Sample Interval.

| ]
L RLCTLRL T L

5 : : R

LA LFLAT
LA

Fig. 4.3: Example of how sample interval works with 4-channels multi-channel Frequency measurement.

Sample Interval
Clock

Sample Interval hints:

e Sample Interval clock is not synchronized to signal, meaning actual Sample Interval between 2 consecutive
samples can be less or more than Sample Interval set by the user.

e When doing parallel measurement, Sample Interval is applied to each measured series independently. E.g.,
when measuring Frequency A, B, D, E and using 1 ms Sample Interval, one will get 1000 Frequency Samples
per second from each input.
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e Sample Interval for averaging measurement functions (Frequency, Period Average and their Smart alter-
natives) acts as an averaging gate. The larger the gate (Sample Interval) - the greater the resolution.

e The instrument contains two cascaded memories for result saving. The first is the cache buffer that can
hold up to 20000 raw samples with a maximum writing speed of 20 million Samples/s. The second is the
main memory, that can hold up to 32 million results, with a maximum writing speed of 12.5 million samples
per second, or 80 ns between samples. The data is written to the cache buffer in parallel from up to 4 inputs,
meaning the capture speed is independent of the number of inputs used. The data transfer from the fast
cache buffer to the slower main memory is done in serial, so the maximum capture speed varies with the
number of channels used for current Function setting: 20k for a single channel measurement or 5k for
a 4 channel measurement, will guarantee a sampling rate of 20 million values/s or 1 million values/s, at a
sample interval of 50 ns or 1 us (depending on particular model and corresponding license installed). When
using a larger number of samples, the Sample Interval (given that signal period is less than or equal to the
set Sample Interval) must be increased to minimum 80 ns for 1-channel and minimum 320 ns for 4-channel
measurements, to avoid cache buffer overflow. If not, the measurement might be aborted to avoid data
loss.

Example. Measurement function is Frequency A,B,D,E, Sample Interval is 50 ns, Sample Count is set to 10000 and
period of all input signals is 50 MHz. 4 measurement channels are used in parallel, each supposed to deliver samples
at a rate of 20 million samples per second, which is greater than the speed cache buffer can be fetched with (12.5
million samples). Total number of samples to be generated is 4 x (10000 + 1) = 40004 (N + 1 raw samples are needed
to calculate N frequencies), which is twice greater than measurement logic buffer capacity. So, the buffer will overflow
and measurement will be aborted. Solution would be to either increase Sample Interval to 320 ns (4 channels x 80 ns,
giving 12.5 million samples per second total) or to decrease Sample Count to 4999 (giving 4 x (4999 + 1) = 20000
samples total).

To avoid this situation please watch out for warning text when setting Sample Count and/or Sample Interval or
warning icon when choosing measurement function and inputs.

Group Function

Period Frequency Ratio
Time/Phase Smart Frequency
Pulse Hi-res Freq

Totalize Hi-speed Freq

Voltage

Fig. 4.4: Warning icon on Function/Inputs selection dialog (clickable red button with exclamation sign to the left
of x button).
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Sample Count

10000

7 8

Fig. 4.5: Warning text when editing Sample Count

o When using Sample Interval close to 50 ns, actual sample interval might vary between 50 ns and 100 ns. In
case of Time Interval measurement - it can result in generating less samples than was ordered by Sample
Count setting. To avoid this please consider setting Sample Interval to O if you need minimal sample interval
between samples. Setting Time Interval to O disables Sample Interval clock, meaning taking samples as fast
as possible (close to 50 ns if signal period is 50 ns or greater).

Note

Above relates only to model and license combinations allowing sample interval of 50 ns.

e Sample Interval setting doesn't affect Voltage measurement where interval between samples directly de-
pends on Voltage Mode (please see Voltage measurement principles for details).

e Sample Interval setting doesn'’t affect manual Totalize measurement where interval between samples is
always 100 ms.

4.4 Input signal conditioning/Input Amplifiers

4.4.1 Overview

The input amplifiers are used for adapting the widely varying signals in the ambient world to the measuring logic
of the instrument.

These amplifiers have many controls, and it is essential to understand how these controls work together and
affect the signal.

4.4.2 Configurable amplifiers

Input amplifiers for inputs A, B, D, E (for CNT-104S, CNT-104R) or A, B (for CNT-102) or A (for FTR-210R) are
configurable (Inputs page of the Settings dialog) and allow to select a bunch of parameters described in the
following sections.
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Settings - Inputs- - A-

50 Ohm

Fig. 4.6: Input amplifiers configuration menu

4.4.2.1 Impedance

Impedance setting allows to match the impedance of the input to signal source. One can choose between 1 MQ
or 50 Q impedance.

CAUTION: Switching the impedance to 50 Q when the input voltage is above 12 Vrms may cause permanent
damage to the input circuitry.

4.4.2.2 Attenuation

This setting allows attenuating the signal by factor of 10 if its dynamic range exceeds +5 V. 1x, 10x and Auto
attenuation options are available. If Auto is selected then first sample of any voltage measurement (including the
ones performed during Autoset and Auto-trigger) will be analyzed to determine the dynamic range of the signal.
If the range exceeds 5 V then 10x attenuation will be switched on automatically. 1x will be used otherwise.

4.4.2.3 Coupling

Use the AC coupling feature to eliminate unwanted DC signal components or keep DC offset by using DC cou-
pling.

Hint: Always use AC coupling when the AC signal is superimposed on a DC voltage that is higher than the
trigger level setting range. However, we recommend AC coupling in many other measurement situations as
well. When you measure symmetrical signals, such as sine and square/triangle waves, AC coupling filters out all
DC components. This means that a O V trigger level is always centered around the middle of the signal where
triggering is most stable.
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Fig. 4.7: AC coupling a symmetrical signal

Hint: Signals with changing duty cycle or with a very low or high duty cycle do require DC coupling. Fig. 4.8
shows how pulses can be missed, while Fig. 4.9 shows that triggering does not occur at all because the signal
amplitude and the hysteresis band (please see for explanation of what is Hysteresis Band) are not centered.

D A fd b
AU 7B AN 7N AN

o 2 N I 4
TTWYTY | | N %
I N . /O

Fig. 4.8: Missing trigger events due to AC coupling of signal with varying duty cycle.

Fig. 4.9: No triggering due to AC coupling of signal with low duty cycle.

Hint

Always use DC coupling for signals below 10 Hz.

4.4.2.4 Filter

This setting allows you to apply analog low-pass filter for signals with high-frequency noise or interference. 10
kHz and 100 kHz low-pass filters are available. All filters have a signal rejection slope of approx. 20 dB / decade.

Hint: keep filters off unless you cannot obtain stable readings otherwise.

Hint: it is not recommended to use filters for pulse signals as filters affect pulse signal shape.
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4.4.2.5 Preamplifier

Preamplifier allows to amplify the signal to improve sensitivity for signals with amplitudes below 100 mVpp.

Hint: avoid using pre-amplification if signal amplitude is above 100 mVpp. Prefer using Autoset instead - it will
turn on pre-amplification only if necessary

4.4.2.6 Trigger Level

Set trigger level. Setting proper trigger level is essential for getting accurate and stable results. So it is advised to
keep Trigger Mode Auto letting the instrument select adequate trigger levels. Please see Measurement Functions.

In Auto and Relative Trigger Modes, the instrument performs voltage measurement (using current Voltage Mode
setting) - so-called auto-trigger - before each Time or Frequency measurement which delays the measurement
start. In cases when it is undesirable, please use Manual Trigger Mode.

When measuring non-continuous signals or single cycles, auto-trigger might fail to measure signal voltage range
correctly which won't allow setting trigger levels properly and might result in wrong measurement results. It is
advised to use Manual Trigger Mode in this case.

In Manual Trigger Mode in most cases one can get the best results if Trigger Level is set to the center of signal
voltage range. It will help avoid capturing signal edge artifacts and in most cases the middle of the signal voltage
range will be the point with maximum slew rate, which minimizes timing trigger error.

Setting trigger level close to signal minimum or maximum level can result in intermittent readings and/or unre-
liable result. For example, measured Frequency value twice greater or twice lower than actual can be a typical
consequence of poor trigger level choice when measuring pulse signals with significant artifacts on edges.

Please note: Actual triggering does not occur when the input signal crosses the trigger level at 50 percent of
the amplitude, but when the input signal has crossed the entire hysteresis band (Figure 11). Which causes
measurement timing errors.

Start
Channel A

o

/ N
: Trigger level
/ N\,

Stop § Measured Time Interval
Channel B i« >

Fig. 4.10: Trigger hysteresis

The hysteresis band is about 20 mV with attenuation 1x, and 200 mV with attenuation 10x. The hysteresis
compensation reduces hysteresis trigger error to <2 mV

To keep the hysteresis trigger error low, the attenuator setting should be 1x when possible. Use the 10x position
only when input signals have excessively large amplitudes, or when you need to set trigger levels exceeding the
-5V to +5 V window.
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4.4.3 Input Amplifiers with fixed configuration

The following inputs have fixed amplifier parameters:

e EA (External Arming) is fixed to 1 kQ impedance and approx. 1.5 V trigger level;

e ER (External Reference) is fixed to 50 Q impedance and accepts signals with 0.1 to 5 Vs amplitude;

e C (Prescaler input) is fixed to 50 Q impedance.

4.5 Arming

Note

Arming feature is not available in FTR-210R.

Arming, in general, gives the opportunity to start and stop a measurement when an external qualifier event

OcCcurs.

Arming can initialize either a single sample acquisition (Arm on Sample) or a single measurement session defined
by sample count (Arm on Block). Measurement can be started and stopped by rising or falling edge of signals
on instrument’s inputs and delayed from O ns (delay off) to 2 s with 10 ns resolution step. In case of Totalize
measurement mode, timer (set by a combination of Sample Interval and Stop Source set to Timer) can be used
as a source of stop arming.

Table 4.2 shows possible arming modes and their specifics. Modes absent in this table are not supported.

Table 4.2: Arming modes and their specifics

Start Stop Arm  Mea- Comment

Arm-  Arm- on surement

ing ing Function

Source Source

Off Off N/A  Any Arming is not used, measurement is started and stopped normally

continues on next page
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Table 4.2 — continued from previous page

Start
Arm-

ing

Source Source

Stop
Arm-

ing

Arm  Mea- Comment
on surement
Function

In-
put

Off

Block Any, ex- Start arming input initialize measurement session (block). Measurement
cept To- session ends when all samples (number is set by Sample Count) have been

talize collected.
GATE=MEAS TIME Arming: start new SESSION
o, I i
MEAS TIME i :
(PACING)
A(B/C/D/E/
EXT_ARM/EXT_REF)
Time
TSau) TS TS, (31 T5,,(4) TS5¢,(5)
¥
Meas. session 1 Meas. session 2
(sample size = 3) (sample size = 3)

Fig. 4.11: Frequency measurement with measurement session repeated
after start arming pulses
Arming start pulses that occur during measurement session are neglected.

GATE=MEAS TIME  ARM; during meas.
= > session neglected

ARM,, j‘ ﬂ e

MEAS TIME
(PACING)
A(B/C/D/E/
EXT_ARM/EXT_REF)
Time
TSl TS,(2)  T5.,,3)  T5.,4) TSqu(5)
\;
Meas. session 1 Meas. session 2
(sample size = 3) (sample size = 3)

Fig. 4.12: Frequency measurement with arming start pulses occurring dur-
ing the measurement session
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Table 4.2 — continued from previous page

Start Stop Arm  Mea- Comment
Arm- Arm- on surement
ing ing Function
Source Source
In- In- Block Any, ex- Start arming starts measurement session (block). Measurement session
put put cept To- ends when either all samples (number is set by Sample Count) have been
talize collected or by signal front on stop arming input (whatever comes first).
GATE=MEAS TIME Arming: start/stop SESSION
ARM, e
MEAS TIME ' :
sS T LrL
A(B/C/D/E/
EXT_ARM/EXT_REF) | J
: : : end session
Ti : : ¢ (last measurement) :
|me ry Y e ry Y
TSaudD) TS TSq(3) TSq(4)
;/ ¥
Meas. session 1 Meas. session 2
(sample size = 3) (sample size = 3)
Fig. 4.13: Frequency measurement with measurement session controlled
by start and stop arming signals
Off Timer Sam- Totalize  Totalize measurement is started by pressing Restart button, Sample Interval
ple defines Totalize Gate length. The Analyzer counts number of events during
the gate and produces single sample (1 sample per series).
In- Timer Sam- Totalize  Start arming pulses start Totalize Gates (gate length is defined by Sample
put ple Interval). Each gate produces 1 sample (per series). Measurement ses-

sion ends once required number of samples (set by Sample Count) was
collected.

TOTALIZE GATE= Arming:
Sample Interval create GATE

ARM,, J ﬂ

Stop gate
(timed)

A(B/D/E)

Event CNT

Time

Fig. 4.14: Totalize measurement in timed mode (stop arming signal set to
timer)

continues on next page
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Table 4.2 — continued from previous page

Start Stop Arm  Mea- Comment
Arm- Arm- on surement
ing ing Function
Source Source
In- Off Sam- Any, ex- Start arming is used as a pacing clock - single sample measurement is ex-
put ple cept To- ecuted just after the arming event.
talize

Arming = pacing

ARM,, __Jﬂ .

A(B/DIE)
Time : R
TS era (D) TSgipa(1) TSeia(2)
RESULT(1)

Fig. 4.15: Pulse width measurement with arming signal used as a pacing
clock

In case of Frequency/Period Average measurement, samples are measured
with dead-time, no back-to-back. Maximum total number of samples is
reduced to up to 16 million.

GATE=MEAS TIME Arming: start single measurement
ARM., _E é I
- I O B B e R
A(B/C/D/E/
Time . ¢ ‘ >
TSl TS, (2) TSl3)

FREQUENCY(1)

Fig. 4.16: Frequency measurement initialized by arming pulses
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Table 4.2 — continued from previous page

Start Stop Arm  Mea- Comment
Arm- Arm- on surement
ing ing Function
Source Source
In- In- Sam- Totalize, Start arming events start Gate (gate length is defined by Sample Interval).
put put ple Fre- Stop arming events end Gate. Each gate produces 1 sample (per series).
quency, Measurement session ends once required number of samples (set by Sam-
Period ple Count) was collected. In case start and stop arming settings are not
Aver- the same, neasurements are performed with dead-time, no back-to-back.
age, Maximum total number of samples is reduced to up to 16 million.
ig‘:‘rt GATE=ARM,,-ARM,, Arming create GATE
quency, ARM j
Smart - H
Period :
ARM i
Average o H H

A(B/C/D/E/
EXT_ARM/EXT_REF) : f | /

TS, (1) TS, TS,,3) TS
FREQUENCY(1) FREQUENCY(2)

CHx(4)

Fig. 4.17: Frequency measurement in a gate created by arming signals
When arming start and stop conditions are the same, measurements are
performed continuously (back-to-back) with no dead-time.

GATE=ARM,-ARM; Arming create GATE
. 5 in back-to-back mode

o, || ﬂ H |

o, ] I | |
s MMM

EXT_ARM/EXT_REF) I\ 5 : :

Time A A ‘ ‘
TS[HK(U TS(HX(Z) TS(HXB) TS
FREQUENCY(1) FREQUENCY(2)  FREQUENCY(3)

4)

(Hx(

Fig. 4.18: Frequency measurement when arming stop is set the same as
arming start (back-to-back measurements)

n case Smart versions of Frequency/Period Average are used, each sub-
gate (Sample Interval divided by 1000) is being armed, i.e. one sample is
calculated using data from 1000 arming gates.

continues on next page
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Table 4.2 — continued from previous page

Start Stop Arm  Mea- Comment
Arm- Arm- on surement
ing ing Function

Source Source

In- In- Sam- Any, Start arming is used as a pacing clock - a single sample measurement is
put put ple except executed just after active edge of arming pulse. Stop arming delays regis-
Totalize, tration of timestamps other than the first one. Depending on particular
Fre- measurement mode, two, three or four timestamps are registered that give
quency, a single result.
Period Arming: start meas
Aver- stop meas
age, H
Smart
Fre-
quency, ‘
Smart
Period 4 :
Average ; \ﬁ H
TSaiaa(1) TSgp4(1) T2
RESULT(1)

Fig. 4.19: Pulse width measurement with arming on sample and start and
stop arming active, case 1

Arming: start meas
stop meas delayed

!
\

TS

TS 2)

CHx2—4(1) CHxH(

RESULT(1)

Fig. 4.20: Pulse width measurement with arming on sample, start and stop
arming active, case 2

Start arming is useful for measurement of frequency in signals, such as the following:
e Pulse modulated RF signals (bursts) Single-shot events or non-cyclic signals.

e Pulsed signals where pulse width or pulse positions can vary. Signals with frequency variations versus time
(“profiling”).

o A selected part of a complex waveform signal.

Signal sources that generate complex wave forms like pulsed RF, or sweep signals, usually also produce a sync
signal that coincides with the start of a sweep, or start of a radar burst. These sync signals can be used to arm
the instrument. See Fig. 4.21.
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Sync

Pulse
Signal

Fig. 4.21: Sync signal used as start arming starts the measurement.

You normally use stop arming together with start arming. That means that the external gating signal controls
both the start and the stop of the measurement. Such a gating signal can be used to measure the frequency of
an RF burst signal. Here the position of the external gate must be inside a burst. See Fig. 4.22.

Start Arm Stop Arm
<%

Ext Gate

Burst
Signal

Fig. 4.22: Start and stop arming together is used for burst signal gating.

Note that burst measurements with access to an external sync signal are performed in the normal Frequency
mode. In time interval measurements, you can use the stop arming signal as a sort of “external trigger Hold Off
signal”, blocking stop trigger during the external period. See Fig. 4.23.
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Fig. 4.23: Using start/stop arming as an external Hold-Off

Please note: start arming setup time is up to 5 ns. Which means that the measurement is actually started within
5 ns since start arming event.
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Chapter 5

Measurement Functions

Note

Particular measurement function availability depends on particular model and licenses combination.

5.1 Frequency/Period

There are several functions suited for measuring Frequency or Period. Next sections provide details about each
particular function and when one should be preferred over another.

5.1.1 Frequency/Period Average measurements

These are the most universal measurement functions for Frequency and Period. In this mode each sample is a
Frequency/Period value averaged over sample interval (which acts as gate).

This is back-to-back measurement with no dead-time between the samples (see chapter Arming for exceptions).
Multiple input signals can be measured in parallel. Minimal sample interval is 50 ns or 1 ps (depending on
particular model and corresponding license installed). Up to 32 million samples total can be measured in a single
measurement session. Resolution is 12 digits per 1 s of gate time (Sample Interval).

If the signal period is greater or equal to the set Sample Interval - each signal period can be captured. When
measuring Frequency/Period Average on inputs A, B, D, E and Trigger Mode is set to Auto or Relative, wide
hysteresis (see details below) is used to improve noise tolerance. In this mode 2 comparators with different
trigger levels are used for each input. First trigger level (e.g. Trigger Level A) defines the upper limit of wide
hysteresis band and the second one (e.g. Trigger Level A2) defines the lower limit. Trigger Mode Auto sets
trigger levels to 60% and 40% of signal’s voltage range and Relative allows modifying them to fine tune the
hysteresis band.
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Without wide hysteresis, the signal needs to cross the approx. 20 mV in case of 1x Attenuation (200 mV in case
of 10x) input hysteresis band before triggering occurs. This hysteresis prevents the input from self-oscillating
and reduces its sensitivity to noise. If signal noise is comparable or higher than hysteresis band - it can result in

Sample Interval

Gate

Hysteresis

a"

Input Signal

Signal after comparators

Pulse Count (N)

start’ * start

Frequency = (N -N__)/AT

stop start

J/IN,_-N__)

start stop start

stop ~ start

Period Average = (T, -T

Fig. 5.1: Frequency/Period Average measurement with Wide Hysteresis

false extra triggering producing erroneous counts. These could ruin the measurement.

Fig. 5.2 shows how spurious signals can cause the input signal to cross the trigger or hysteresis window more
than once per input cycle and give erroneous counts. Fig. 5.3 shows that a wide enough hysteresis prevents

false counts.
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Fig. 5.2: Too narrow hysteresis gives erroneous triggering on noisy signals.

Fig. 5.3: Wide trigger hysteresis gives correct triggering.

5.1.1.1 Frequency C measurement

With an optional RF input prescaler the instrument can measure up to 3, 10, 15, 20, or 24 GHz on Input C.
These RF inputs are fully automatic, and no trigger setup is required. Set Sample Interval to achieve optimal
compromise between resolution (long Sample Interval) and speed (short Sample Interval). The optional RF input
C contains a prescaler that divides the RF signal with an integer value (Prescaler factor), to enable the normal
counting circuitry to measure the frequency. The Option 10 (3 GHz) divides by 16, and the option 110/xx (10
to 24 GHz) divides by 64.
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Fig. 5.4: Divide-by-16 Prescaler.

Fig. 5.4 shows the effect of the 3 GHz prescaler. For each 16 input cycles, the prescaler gives one square wave
output cycle. An input frequency of let’s say 1.6 GHz is divided down to 100 MHz and measured by the normal
counting circuitry. The display shows the correct input frequency since the microcomputer compensates for the
effect of the division factor.

Prescalers do not reduce resolution. The relative quantization error is the same: 12-13 digits for 1 s Sample
Interval (Gate Time). See Table 5.1 to find the prescaler factors.

Table 5.1: Prescaler factors

Function Prescaling Fac-
tor

All functions on inputs A, B, D, E (CNT-104S, CNT-104R) or A, B (CNT-102), also EA, ER, 1

Rb, G

Frequency C (option 10: 3 GHz) 16

Frequency C (option 110: 10, 15, 20 or 24 GHz) 64

5.1.2 Smart Frequency/Period

Smart Frequency/Period is based on the same principle as normal Frequency/Period Average. Measurement
gate is divided into 1000 sub-gates, giving additional samples and statistics resolution enhancement algorithm
is applied on top of it. Thanks to that it allows to get up to 1 extra digit of resolution per 1 s of gate time
(depending on input signal and measurement settings).

This comes with expense of additional constraints though. Minimal possible Sample Interval for Smart Fre-
qguency/Period is 50 us or 1 ms (depending on particular model and licenses installed). With Sample Interval less
than 40 ms it is possible to measure up to 32000 samples per measurement session. Setting Sample Interval to
40 ms or more allows to get up to 4290000 samples per measurement session.

This is back-to-back measurement with no dead-time between the samples (see chapter Arming for exceptions).
Multiple signals can be measured in parallel. Wide Hysteresis is used in Trigger Modes Auto and Relative.

Smart Frequency/Period is the best choice when one needs maximal possible resolution and can bear with lower
sampling rate and sample count per session.

Please, note: resolution enhancement algorithm is based on the assumption that signal frequency is static. If it is
not the case - the algorithm won't be effective and it might make sense to fall back to normal Frequency/Period
Average. Please note: section Frequency C measurement. Applies to Smart Frequency C as well.
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5.1.3 Period Single

This measurement function is handy if one needs to capture individual periods of continuous signals or single
cycles which are less than 50 ns. Individual periods starting from 2.5 ns can be captured.

This is not a back-to-back measurement, meaning that there is a dead-time of 50 ns or 1 ps (depending on
particular model and corresponding license installed). Up to 2 signals can be measured in parallel (depending on
particular model). Up to 16 million samples total can be measured in a single measurement session.

Unlike Frequency/Period Average and their Smart versions, Period Single doesn’t use wide hysteresis. So only
one comparator is used on A, B, D, E (CNT-104S, CNT-104R) or on A, B (CNT-102) and Trigger Mode Auto sets
trigger level to the middle of signal voltage range (Relative Trigger Level 50%).

Please, note: when measuring non-continuous signal or single cycles, Trigger Mode Auto/Relative might fail to
find proper trigger level. One need to fall back to Manual Trigger Mode in this case.

5.1.4 Frequency Ratio

In Frequency Ratio mode, the instrument measures Frequency Average of up to 4 signals in parallel (depending
on particular model and settings) and then divides the resulting frequencies.

This is back-to-back measurement with no dead-time between the samples. 4 input signals can be measured
in parallel for CNT-104S, CNT-104R, 2 - for CNT-102. Minimal sample interval is 50 ns or 1 ps (depending on
particular model and corresponding license installed). Up to 16 million samples total can be measured in a single
measurement session.

5.2 Time Interval and Phase

5.2.1 Time Interval

This function allows to measure phase delay between clock signals with the same nominal frequency. At least
N + 1 signal cycles are needed on each measurement input to get N Time Interval samples.

ACTI"u_’E_EDGEf._—.-"-} )

ACTIVE_EDGE(+/-) )
A (B/DJ/E) e CH2 TS... }
SP1(stop, | |

ACTIVE_EDGE(+/-)

A (B/D/E) | > | CH3 | TS, $
SP2(stop,) - | i ; |
ACTI\,-_’E__EDGEf._+.-"-} .
A (B/DJE) L > | CH4 | TS, P
SP3(stop,) | i : |
: T‘_:_: e Tl\':':" - Tl'_"=- :
TS,., TS,.. TS,.. TS...

Fig. 5.5: Time Interval Continuous measurement mode

Time intervals in the range [-1000 s .. 1000 s] can be measured. Resulting values are normalized to always be in
the range [-0.5 * Period .. Period].

4 input signals can be measured in parallel for CNT-104S, CNT-104R, 2 - for CNT-102. Minimal sample interval
is 50 ns or 1 s (depending on particular model and corresponding license installed). Up to 16 million samples
total can be measured in a single measurement session.
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Please note: Time Interval Continuous is not suitable for measuring time interval between single shot events,
use Time Interval Single instead.

When using Sample Interval close to 50 ns, actual sample interval might vary between 50 ns and 100 ns. In
case of Time Interval measurement - it can result in generating less samples than was ordered by Sample Count
setting. To avoid this please consider setting Sample Interval to O if you need minimal sample interval between
samples. Setting Time Interval to O disables Sample Interval clock, meaning taking samples as fast as possible
(close to 50 ns if signal period is 50 ns or greater).

Note

Above relates only to model and license combinations allowing sample interval of 50 ns.

5.2.2 Accumulated Time Interval

Accumulated Time Interval is useful for comparing phase delay between signals with the same nominal frequen-
cies, but when frequencies of individual signals have small constant offset to each other. Time Interval will
gradually increase over time and then drop after reaching value equal to signal Period, thus forming a sawtooth
like graph. Accumulated Time Interval corrects this by adding or subtracting signal Period to Time Interval values
when necessary. Other than that, it is exactly the same measurement as Time Interval Continuous.

Time Interval D, B

1.2345 2Xi/N

Fig. 5.6: Time Interval Continuous of 2 clock signals with constant frequency offset
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Acc.Time Interval D, B

1.2345 [2x/N

Fig. 5.7: Accumulated Time Interval of the same clock signals

As can be seen on Fig. 5.6 and Fig. 5.7, Accumulated Time Interval gives much better view on relative clock drift
over time.

5.2.3 Time Interval Single

This function should be used to measure Time Interval between single events. Sample Interval setting is dis-
carded, samples are captured as fast as it is possible.

Time intervals in the range [-1000 s .. 1000 s] can be measured. Resulting values are not normalized.

4 input signals can be measured in parallel for CNT-104S, CNT-104R, 2 - for CNT-102. Minimal sample interval
is 50 ns or 1 ps (depending on particular model and corresponding license installed). Up to 16 million samples
total can be measured in a single measurement session.

5.2.4 Dual Time Interval

Same as Time Interval, but measures interval for X-Y pair and Z-W pair, given that inputs X,Y,Z and W are chosen
for measurement. Only available on CNT-104S, CNT-104R.

5.2.5 Measuring Time Interval between different trigger points of the same signal

Thanks to the presence of two comparators on each of A, B, D, E (CNT-104S, CNT-104R) or A, B (CNT-102) inputs
it is possible to measure Time Interval, Accumulated Time Interval, Time Interval Single, Phase and Accumulated
Phase between two trigger points inside the same signal.

This can be useful for measuring intervals inside multi-level a signal, e.g. TDR measurement.
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Fig. 5.8: Measuring Time Interval between 2 levels of reflected signal in TDR measurement allows to calculate
the distance to cable break

Note

Pictures below illustrate display of CNT-104S model.

For CNT-102, channels D, E are not available and areas, fields and graphical objects for corresponding to
these channel are not present. Up to 2 signals can be measured in parallel.

For FTR-210R, channels B, D, E, C are not available and areas, fields and graphical objects for corresponding
to these channel are not present. Only one signal can be measured in parallel.
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Group Function
Frequency Time Interval

Period

Acc. Time Interval
Pulse Phase
Totalize Acc. Phase

Voltage TIE

Settings - Inputs- - A-

Manual trigger levels

-750 mV

750 mV

50 Ohm

Fig. 5.9: Instrument’s configuration for TDR measurement on Figure 28

Another example is measuring time interval from start on input A positive slope to input A negative slope to
input B positive slope to input B negative slope. This can be achieved by selecting Time Interval A, A2, B, B2
and specifying trigger levels and slopes accordingly (see Fig. 5.10).
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Group Function
Frequency

Period Time Inter. Single

Acc. Time Interval
Pulse Phase
Totalize Acc. Phase

Voltage TIE

Fig. 5.10: Time interval A-A2-B-B2 function selection

Settings - Inputs-

50 Ohm

Fig. 5.11: Example configuration for Time Interval A to A to B to B measurement
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Settings - Inputs- -

Fig. 5.12: Example configuration for Time Interval A to A to B to B measurement

However, Time Interval A to A to A to A is not possible since that would require 4 different trigger conditions on
input channel A, while only 2 comparators are present.

5.2.6 Phase

Phase is similar to Time Interval but with phase delay expressed as angle. This measurement assumes same
nominal frequency on all measured inputs. At least N + 1 signal cycles are needed on each measurement input
to get N Phase samples.

A (B/D/E) CH1 TS
ST(start) : A

CH2 TS é

CH3 | TS . 5{____j L—
DG :

CH4 TS ' : i

Fig. 5.13: Phase measurement mode

During this measurement, the instrument estimates continuous Time Interval and clock Period and calculates
Phase as following:

Phase= 360°x((Time Interval)/Period)

where
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Time Interval=TScn3-TScH1 Period= TScH2-TScH1
Resulting Phase values are normalized to always be in the range [-180° .. 360°].

2 input signals can be measured in parallel for CNT-104S, CNT-104R, 1 - for CNT-102.. Minimal sample interval
is 50 ns or 1 ps (depending on particular model and corresponding license installed). Up to 16 million samples
total can be measured in a single measurement session.

The typical measurement case is to measure the phase shift in various electronic components or systems, for
example, filters or amplifiers. In this case, the input A signal is the input signal to the filter/amplifier, and the input
B signal is the output signal from the filter/amplifier. That means that the input A and B signals are typically sine
waves, with exactly the same frequency per test point, and the phase should be constant with zero drift (per test
point).

Another typical use case is to compare two ultra-stable signals from different sources, but with the same nominal
frequency, and express their phase difference in degrees. Then the signal shape could be both sine or pulse, and
there is a possibility for a small phase drift between the signals.

5.2.7 Accumulated Phase

The same as for Time Interval, there is an Accumulated version of Phase measurement function to ease drift visu-
alization over time when clock signals in comparison have same nominal frequency with a slow phase drift. But it
has no meaning for phase measurements on sources with a more erratic behavior, or when the two frequencies
are not the same.

5.3 Time Interval Error (TIE)

Please note: license is needed to unlock TIE option.

TIE measurement uses continuous back-to-back time-stamping to observe slow phase shifts (wander) in nom-
inally stable signals during extended periods of time. The measurement itself is performed the same way as
Frequency/Period Average but different processing is applied.

TIE is only applicable to clock signals, not data signals. Monitoring distributed PLL clocks in synchronous data
transmission systems is a typical application.

The nominal frequency of the signal under test can be either manually or automatically set. Auto detects the
frequency from the first samples, and rounds to number of digits set by the user (5 by default). TIE is measured
as the period deviation of the input signal from the “ideal” reference period, and the accumulated deviation, up
or down, is calculated for each Sample Interval, and displayed.

4 input signals can be measured in parallel for CNT-104S, CNT-104R, 2 - for CNT-102. Minimal sample interval
is 50 ns or 1 us (depending on particular model and corresponding license installed). Up to 32 million samples
total can be measured in a single measurement session. Resolution is 12 digits per 1 s of gate time (Sample
Interval).
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Fig. 5.14: TIE measurement

TIEA@,p/5)(i) = TSchx (1)-TSchx (1)-(((EVENT_CNTcpy ()-EVENT_CNTcpy (1))/F_ref)

5.4 Pulse characterization

5.4.1 Positive and Negative Pulse Width

Positive pulse width measures the time between a rising edge and the next falling edge of the signal. Negative
pulse width measures the time between a falling edge and the next rising edge of the signal.

The selected trigger slope is the start trigger slope. The instrument automatically selects the inverse polarity as
stop slope.

ACTIVE_EDGE(+/-)

A (B/D/E s H1 T ‘
S (start% : Sorn 1

AGTIVE_EDGE(+) NEG_PULSE_WIDTH, 1 }
~q % R
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H2 CH1 CH2

SP1(stop,) _
ACTIVE_EDGE(+/-)

A (B/D/E) H3 | TS.. { i
SP2(stop,) | . Sora

ACTIVE_EDGE(+/-) iNEG_PULSE_WIDTH, . }
ABDE) — | S ! CH4e | TS Togp T,
SP3(stop, -

Fig. 5.15: Pulse width measurement

This is not a back-to-back measurement, meaning that there is a dead-time of 50 ns or 1 us (depending on
particular model and corresponding license installed) between the samples. 2 input signals can be measured in
parallel for CNT-104S, CNT-104R, 1 - for CNT-102.. Up to 16 million samples total can be measured in a single
measurement session.
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5.4.2 Positive and Negative Duty Cycle

Duty cycle (or duty factor) is the ratio between pulse width and period time. The instrument determines this
ratio by simultaneously making a pulse width measurement and a period measurement, and calculates the duty
factor as:

ACTIVE_EDGE(+/-)

A (B/D/E) { > {  CH1 TS,
S (start; e o

ACTIVE_EDGE(+/-)

A (B/D/E) { > | CH2 TS..,
SP1 (StOD,; _ | Sore Y 4 y
ACTIVE_EDGE(+/-) : : t :

. 18 TS T8

A (B/D/E) L > {  CH3 TS,
SP2(stop,) L | | o
ACTI\:_’_E_EDGEH.-"—} __________
A (B/DJE > | CH4 | TS,
SP3(stop, L~ | o

Positive Pulse Width
Period

Negative Pulse Width
Period

Positive Pulse Width = TS, -TS,,,
Negative Pulse Width =TS ..-TS .,
Period =TS, ,-TS

Positive Duty Cycle =

Negative Duty Cycle =

CH1

Fig. 5.16: Duty cycle measurement

This is not a back-to-back measurement, meaning that there is a dead-time of 50 ns or 1 us (depending on
particular model and corresponding license installed) between the samples. 1 signal can be measured in parallel.
Up to 16 million samples total can be measured in a single measurement session.

5.4.3 Rise Time, Fall Time, Rise-Fall Time

By convention, rise/fall time measurements are made with the trigger levels set to 10% (start) and 90% (stop) of
the maximum pulse amplitude. For ECL circuits, the reference levels are instead nominally 20 % (start) and 80 %
(stop). In this case one can use Relative Trigger Levels mode and set trigger levels to 20% and 80% respectively.
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Fig. 5.17: Rise Time and Fall Time measurement

These are not a back-to-back measurement, meaning that there is a dead-time of 50 ns or 1 pus (depending on
particular model and corresponding license installed) between the samples.

Rise Time and Fall Time functions can measure up to 2 input signals in parallel for CNT-104S, CNT-104R, 1 - for
CNT-102, with up to 16 million samples per session total.

Rise-Fall Time function (only available for CNT-104S, CNT-104R) can measure only 1 signal but provides both
rise and fall time at once. Up to 8 million samples total can be measured in one measurement session.

RiseTime D, E
2 X /N
D 3.9846

E  1.5488
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Rise-FallTime D
2% /N
Rise  4.0230

Fall  5.6349

Fig. 5.18: Rise Time vs Rise-Fall Time

5.4.4 Positive and Negative Slew Rate

Slew rate is the speed of voltage change on pulse positive or negative edge. Hence, Positive and Negative Slew
Rate are based on Rise Time and Fall Time measurements, the following formulae are applied (5.1):

PositiveSlewRate = RiseTime/ (0.8« (Vinaz — Vinin))

. . (5.1)
NegativeSlewRate = FallTime/(0.8 x* (Vinaz — Vinin))

Rise Time

\/
-\

Positive Slew Rate =

Negative Slew Rate =

Fall Time

-\f
v

Fig. 5.19: Positive and Negative Slew Rate

5.5 Totalize

Totalize functions count the number of trigger events on instrument inputs. There are few modes Totalize can
operate in. See next sections for details. In each of these modes the user can choose between Totalize, Totalize
X+Y, Totalize X-Y or Totalize X/Y.

5.5.1 Manual Totalize

If neither Start nor Stop Arming is used, Totalize operates in so-called Manual Totalize mode.

In this mode RESTART button start counting trigger events, while HOLD/RUN button is used to pause and
resume the counting. Sample Interval setting has no effect, samples are generated each 100 ms.
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5.5.2 Timed Totalize

Setting Start Arming Source to Off and Stop Arming Source to Timer enables so-called Totalize Timed Mode.

In this mode RESTART button start counting trigger events for time duration set by Sample Interval (which defines
the length of Totalize Gate). Single sample is generated after the end of the Gate.

5.5.3 Armed Totalize

If both Start Arming Source and Stop Arming Source are set, then start and stop arming events define start and
stop of Totalize Gate for each Sample (Arm On setting is ignored, the instrument uses arming in Sample implicitly).

See Arming for details on this Totalize mode.

5.6 Voltage

The instrument measures the voltage by searching the minimum and maximum signal levels. See Voltage mea-
surement principles for details.

Vmin, Vmax and Vpp functions allow measuring voltage on 4 input signals in parallel for CNT-104S, CNT-104R,
2 — for CNT-102, 1 — for FTR-210R. Vminmax allows only one input but provides both - min and max - at the
same time. Resolution is 1 mV, up to 16 million samples can be acquired in one measurement session.
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Ch

apter 6

Measurement cheat-sheet

6.1

6.2

Hints:

Generic hints

Whenever you find yourself in trouble while setting up the measurement - use Autoset:

- Connect the signals, choose measurement function/inputs, choose Sample Count and Sample Inter-
val,

- Press Autoset button.
And it will find proper settings for most cases when measuring continuous signals.
Use Auto choice for settings items unless you understand the implications of selecting other option.
Settings = User Option — Recall Defaults will reset measurement settings to Defaults.

Save complex measurement configurations as Presets (Settings = Measurement Presets or dedicated icon
on measurement screen). In this case you can easily recreate the same measurement setup if you need it
later.

Make sure input circuits are setup appropriately:

- Use Auto-trigger for signals above 100 Hz, otherwise make sure Absolute trigger level is set. appro-
priately (prefer using Autoset for low frequency signal - it will set trigger levels for you). Make sure
input impedance is set correctly.Use only DC coupling for low frequency signals and rely on Autoset
to setup proper trigger levels. Keep Preamp OFF, except for extremely low input signal levels (below
50 mVrms). Keep Attenuation 1x, except for signals with amplitudes above exceeding +/- 5V.

- Keep Filter Off, except for low frequency sine wave signals (below 100 kHz).

Settings = Advanced — Voltage Mode should be set to Normal, except for signals below 100 Hz. For
signals below 100 Hz please use Autoset to let the counter select best voltage mode for you. Set Voltage
mode explicitly only if Autoset fails to find appropriate instrument setup (e.g. for not continuous signals)

Measuring 1 PPS

Set DC on inputs 1 PPS signals are connected to,

e Select measurement function and inputs,

e Set Sample Interval to O (or 1 ps for CNT-102 and FTR-210R without Option 122F),

Same
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Use Autoset or set Trigger Mode to Manual and set Trigger Level to the middle of 1 PPS signal voltage
range.

is most of the time true for signals below 100 Hz.



6.3 Measuring single cycles or pulses

Hints:
e Set DC on the inputs, which the signals are connected to,

e Select:

Period Single for measuring single cycle frequency period, or

Time Interval Single for measuring intervals between events, or

Totalize for counting events, or

Any function from Pulse group for measuring pulse characteristics.
Please note: using other functions will not give reliable results for single cycles/pulses.
e Set Trigger Mode to Manual and set Trigger Level to the middle of signal voltage range.

Please note: auto-trigger won't work for single cycles/pulses.

6.4 Measuring Frequency/Period

See Measuring 1 PPS if signal is below 100 Hz.
Hints:

e The basic setting Sample Interval in the Measurement menu is central to all Frequency related measure-
ment. This setting means the same as Measuring time, or Gate time, used by other counter manufacturers.

A long Sample Interval (Gate time) increases resolution (counting during a longer time) but decreases measure-
ment speed. The Sample Interval is always a compromise between how many digits you want to read, and how
fast you want to take your frequency samples. For normal bench use - 200 ms is a good choice, because it is
hard for the eye to follow faster changes in the displayed value.

The instrument will give 12-13 digits resolution with 1 s Sample Interval, 9 digits with 1 ms Sample interval, and
6 digits with 1 ps Sample Interval

e Use AC Coupling because possible DC offset is normally undesirable.
e Use Trigger Mode Auto and/or Autoset.
e Use Preamp ON for signals with amplitudes below 200 mVpp.

Please note: amplifying the signal also amplifies the noise.

e Sample Interval of 200 ms is a reasonable tradeoff between measurement speed and resolution on the
bench.

6.5 Time measurements of continuous signals
Hints:

e Use DC coupling.

e High signal level, and Steep signal edges.

6.6 Jitter measurements

Statistics provides an easy method of determining the short term timing instability, (jitter) of pulse parameters.

Note: that the measured pulse parameter should be a single cycle value, whether it is period, or pulse width.
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6.6.1 Single cycle jitter

Single cycle jitter made on random samples of single periods, is usually specified with its rms value, which is
equal to the standard deviation based on single measurements. The instrument can then directly measure and
display the rms jitter. Jitter can also be expressed as peak-to-peak value, which is also displayed in the Statistics
screen.

6.6.2 Cycle-to-cycle jitter

Cycle- to-cyclejitter demands zero dead-time measurements without gaps and can be made on input signals with
a jitter frequency of up to 20 MHz for CNT-104S, CNT-104R and FTR-210R with Options 230, 122F. There is
currently no dedicated measurement function, but the raw data of a Period Average measurement, with Sample
Interval of O or down to 50 ns or 1 us (depending on particular model and corresponding license installed), could
be exported to e.g. Matlab or Excel for “number crunching” and analysis.

6.6.3 Wander measurements

Wander measurements, which is a “slow jitter” measurement with jitter frequencies <10 Hz is made by using the
TIE function, which compares the accumulated period phase drift, with the ideal phase from an ideal clock.

6.6.4 Deterministic jitter

Deterministic jitter is revealed in the Distribution graph, which will show underlying noise sources in a clear way.
For example a sine modulated noise source would give a bathtub shape, a pulse modulated noise source would
give a twin peak shape, and a measurement of a source containing not one, but two, fundamental frequencies
will be displayed as “double hump”.

6.7 Frequency Modulated Signals

A frequency modulated signal is a carrier wave signal (CW frequency = fO) that changes in frequency to values
higher and lower than the frequency fO. It is the modulation signal that changes the frequency of the carrier
wave.

The instrument can accurately measure:
e fO = Carrier frequency.

e fdev = Frequency deviation = (fmax -fmin)/2. And via the timeline graph, you will also get a good indication
of the modulation frequency fmod

6.7.1 Initial capture settings

The optimum settings is to find a balance between large enough sample intervals to achieve high resolution per
individual frequency sample, max. 10% of the Frequency deviation.

And small enough Sample intervals to capture enough frequency samples per modulation cycle for good graph
visibility.

A rule of thumb is that the number of samples per modulation cycle should be >10, for good graphical view of
the modulation signal, and acceptable error of fmax and fmin.

Example: 10 kHz modulation frequency (100 us modulation cycle) of a 200 MHz carrier with 200 kHz deviation
(0.1% modulation).

Set Sample interval to 10 us (10% of the modulation cycle). Set Sample Count (N) to 100 (to cover 10 modulation
cycles).

Now every frequency sample will have a resolution of (10 ps/10 us) x 200 MHz = 200 Hz.
This resolution is 1000 times better than the frequency deviation.

Start measurement and view the Timeline graph, which will show10 modulation cycles, with 10 samples per
modulation cycle.
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To improve the graphical experience, lower Sample Interval to 1 us (1% of the modulation cycle), and increase
Sample Count to 1000.

Now each frequency sample has a resolution of (10ps/1us) x 200 MHz = 2 kHz. Still with a lot of margin to
deviation.

You may want to play around with the Sample Interval and Sample Count setting until you have found your
optimum view of the FM signal (no of displayed mod. cycles).

6.7.2 Carrier Wave Frequency f0

To determine the carrier wave frequency, just look at fmean which is best approximation of fO.

Ideally the sum of all Sample Intervals should be selected to cover an integer number of modulation periods.
This way the positive frequency deviations will compensate the negative deviations during the measurement.

Example: If the modulation frequency is 1 kHz, the Sample Interval 10 ps and N = 1000 will make the instrument
measure exactly 10 complete modulation cycles. A bad combination of Sample Interval and N would worst case
mean that exactly half a modulation cycle is uncompensated for, giving a max. error for a sine modulation of:

fO - fmean = Afmax / (sample int.) x N x fmod x 7t

For very accurate measurements of the carrier wave frequency fO, make an extra measurement session and set
Sample Interval as close as possible to an integer number of modulation cycles, and increase the number of
samples substantially. A worst case error of half a modulation cycle means far less in a million cycles compared
to 10 cycles.

6.7.3 Frequency deviation fmax - f0

Read the max, min, and mean frequency values from statistics screen or beneath the graph and calculate fdev
as either:

e fmax - fmean
e fmean - fmin
o fp-p/2

These three values should be exactly the same for an ideal sine wave or square wave modulation.

6.7.4 Modulation frequency fmod

The modulation frequency is easiest found by visual estimate in the graph on screen by using Cursors. Place one
cursor on the beginning of the first modulation cycle and the other - on the end of the last modulation cycle. If
the end point time difference between cursors is T seconds and the exact integer number of modulation cycles
between cursors is M, the modulation frequency is:

fmod = M/T

6.7.5 Errors in fmax, fmin, and fp-p

A too large Sample Interval compared to the modulation cycle time leads to an averaging error that will under-
estimate the true deviation. A Sample interval corresponding to 10% of the modulation cycle, or 36° of the
modulation signal, leads to an error of approx. 1.5%.

If that error is not acceptable, decrease the Sample Interval to make more samples than 10 during the modulation
cycle.

6.8 Frequency profiling

Profiling means measuring and plotting frequency variation versus time. Examples are measuring warm-up drift
in signal sources over hours, measuring the linearity of a frequency sweep during seconds, VCO switching char-
acteristics during milliseconds, or the frequency changes inside a “chirp radar” pulse during sub-microseconds.

The instrument can handle many profiling measurement situations with some limitations. In profiling applica-
tions, the instrument acts as a fast, high-resolution sampling front end, storing results in its internal memory.
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These results are later displayed on screen and/or transferred to the controller for analysis and graphical pre-
sentation.

You must distinguish between two different types of measurements called free-running and repetitive sampling.

6.8.1 Free-Running Measurements

Free- running measurements are performed over periods down to the sub-microseconds range, e.g., to measure
initial drift of a signal generator or oscillator, to plot linearity of a sweep signal ramp, or to measure short-term
stability down to microsecond averaging times. In these cases, measurements are performed at user-selected
Sample Intervals, and performed as gap-free measurements in the range 50 ns or 1 us (depending on particular
model and corresponding license installed) to 1000 s.

Just start the block measurement and view the profile in the graph presentation mode.

6.8.2 Repetitive Sampling Profiling

The measurement setup just described will not work when the profiling demands less than 50 ns or 1 ps (de-
pending on particular model and corresponding license installed) intervals between samples.

How to do a VCO step response profiling with 50 samples during a time of 1 us.

This measurement scenario means that you need to come to 20 ns between samples (50 points * 20 ns = 1 ms
observation time).

You will need a repetitive input step signal, and you have to repeat your measurement 50 times, taking one new
sample per cycle. And every new sample should be delayed 20 ns with respect to the previous one.

Profiling can theoretically be done manually, but the best would be to perform this series of measurements with
a dedicated program on PC, controlling the instrument and collecting data from it remotely.

The following are required to setup a measurement:

A repetitive input signal (e.g., frequency output of VCO). An external SYNC signal (e.g., step voltage input to
VCO). Use of start arming delay (20, 40, 60 ns, etc). See Fig. 6.1 for a test setup diagram.

Voltage step
generator veo )

Ext Arm

Input A

Fig. 6.1: Setup for transient profiling of a VCO.
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6.8.3 Vrms

When the waveform (e.g. sinusoidal, triangular, square) of the input signal is known, its crest factor, defined as
the quotient (Qcr) of the peak (V) and RMS (V) values, can be used to set the constant K in the mathematical
function K*X+L. The display will then show the actual Vrms value of the input signal, assuming that V,, is the
main parameter.

Example: A sine wave has a crest factor of 1.414 (1/2), so the constant in the formula above will be 0.354.
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Chapter 7

Other Features

7.1 CNT-104R, FTR-210R specific features

7.1.1 Disciplining Settings

Note

Only available for CNT-104R, FTR-210R

For CNT-104R, FTR-210R disciplining is set to “Always” by default and disciplining source is set to “GNSS” if
Option 55 is present or “External PPS IN” otherwise. This can be reconfigured via “Oscillator Disciplining” and
“Disciplining Source” parameters in menu Settings = Timebase

CNT-104R, FTR-210R can be put to Manual Holdover by setting Oscillator Disciplining to Manual Hold-Over.
Disciplining source can be selected between:

e GNSS (only for CNT-104R with Option 55 (GNSS), FTR-210R)

e External 1 PPSIN

Settings - Timebase -

Oscillator Disciplining
Always
Disciplining Source
GNSS

1PPS Output Offset
O0s

Fig. 7.1: Disciplining Settings
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7.1.2 Rubidium & Disciplining Status

Note

Only available for CNT-104R, FTR-210R

Table 7.1: Rubidium Status

Rb Icon Status Comment
Rb flashing Warming up Rubidium typically warms up in 10 min at 25°C
Rb Obtained internal lock, Normal operation
warmed up
Table 7.2: Disciplining Status
Disciplining Icon Status Comment

None

@ flashing

@

Manual Hold-Over

Hold-over. Set to be disciplin-
ing but isn't locked to the dis-
cipling source.

Disciplining

The user explicitly selected Manual Hold-Over mode

This state is normal when the oscillator is adjusting
its PPS phase to the disciplining source and usually
changes to “Disciplining” in approximately 30 min-
utes. However, if this state lasts long time, it makes
sense to check antenna, GNSS Status or external 1
PPS IN signal (if Disciplining Source is set to External
1 PPS IN)

Normal operation

7.1.3 GNSS Settings & Status

Note

Only available for CNT-104R with Option 55 (GNSS), FTR-210R.

GNSS Settings & Status are available via Settings = GNSS
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Settings - GNSS-

i i i Time 47 32
Cold Start Advanced Settings Configure View
54.392393; 18.404195; 146.76

Not running

Os

~n
bU 4
G3 6 G11 G1 124 E5 EB6 R2: (e}

13 R17 R16 5 R14 E26 E31 R6 R5 Q B7 B34 B10 B32 B12 B25 B24 B20

ABOUT

Fig. 7.2: GNSS Settings & Status

Settings - GNSS- - Advanced-

Antenna Delay
Os

Survey-in Time
86.4 ks

Survey-in Accuracy
100 mm

Used Signals
GPS-L1C/A,GAL-E1,BDS-...

Fig. 7.3: GNSS Advanced Settings

7.1.3.1 Cold Start

Cold Start will reset the GNSS receiver and all its cached data including the position and almanac.

Note
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It is necessary to do Cold Start of the receiver after moving the instrument/antenna to a new location. Please
also do a Cold Start when you first turn the instrument on after receiving it.

7.1.3.2 Antenna delay

Antenna delay setting allows compensating for the signal propagation through the antenna and the cable. Please
refer to the specification of particular antenna and cable for the typical propagation delay figures or measure
the actual propagation delay of your setup for maximum accuracy.

Please see below a table with typical figures for the optional HW accessories available directly from Pendulum
Instruments:

Table 7.3: Typical delay figures for optional Antenna and Cables

Accessory Delay, ns Comment
<10 Based on group delay variation
across the GNSS band
Option 01/200

Multi-GNSS Antenna

78.5 Cable’s Velocity of Propagation
factor is 85%

Option 02/20T (corresponds to 3.92 ns/m)

Antenna Cable, 20 m

98
Option 02/25T
Antenna Cable, 25 m

196
Option 02/50T
Antenna Cable, 50 m

510

Option 02/130T
Antenna Cable, 130 m

7.1.3.3 Self-survey

Self-survey is a special feature of timing GNSS receivers which allows to first average the position down to
required accuracy, then fix it and continue solving GNSS navigation equations for time only, thus maximizing the
timing accuracy.

It is controlled by 2 parameters: Survey-in Accuracy and Self-survey Time. The former specifies the required
averaged position accuracy while the latter one will make sure the survey won't finish before specified period
even if the required accuracy has been reached.

Note

Self-survey is never run automatically after it has completed at least once. On power up the instrument will
use fixed position which is the result of the last successful self-survey. To force self-survey (e.g. after moving
the instrument/antenna to a new location) please use Cold Start button under Settings = GNSS. Changing
self-survey parameters (Settings = GNSS — Advanced) will also force self-survey to be restarted.

67



Note

Depending on the antenna location, possible interferences and other factors which have impact on the GNSS
signal reception, it might be not possible to reach desired position accuracy. In this case it is necessary to
relax the survey accuracy and survey time parameters.

7.1.3.4 Used Signals

This parameter allows to select particular GNSS signals to be used. Normally it shouldn't be modified unless
there are known issues with particular signal or some restrictions apply.

7.1.3.5 Status
The GNSS Status screen displays the following information about the current GNSS receiver state:
e Fix. Can be of the following values:

- No fix. This means the GNSS receiver cannot determine positional and timing information yet. Under
normal conditions and good sky view GNSS receiver will typically obtain the first fix in less than 5
min. If this status continues longer than 5 minutes this may indicate poor GNSS reception.

- 3D fix (minimum 4 satellites available). The receiver is successfully solving for position and time, but
self-survey has not completed yet.

- 2D fix (minimum 3 satellites available). Last known altitude is kept constant and the receiver is solving
for latitude/longitude and time only.

- Time. Self-survey has been completed. The receiver fixes the position averaged during the self-survey
and keeps solving for time only. Time solution can be calculated with 1-2 satellites. Time fix allows
for maximum timing accuracy.

e Visible. Number of satellites in view
e Used. Number of satellites used for the solution.
e Position (latitude; longitude; altitude)

e Survey Status. Shows overall the self survey progress relative to minimum survey time (set by Survey-in
Time setting).

Note

If minimum survey time has passed but required position accuracy (set by Survey-in Accuracy setting)
has not been reached yet, the progress will be indicating 99%.

e Antenna delay currently set
o Satellites chart shows the following information about satellites currently in view:

Satellite ID - under the bar.

Constellation symbol under the ID. For the legend - see Configure View drop-down selection

Signal to noise ratio (SNR) - bar height.

If particular satellites is used for solution (filled SNR bar) or not (empty SNR bar)

Configure View drop-down menu can be used to remove information regarding certain constellations from
the satellite chart.

Note

Configure View selection has impact only on the Satellite Chart, it doesn’t exclude the unselected con-
stellations from the solution. To exclude certain constellations or signals from GNSS solution please
use Settings = GNSS = Advanced — Used Signals.
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7.2 Hold-off

Hold- off function allows to insert dead-time into input trigger circuit which effectively acts as a digital lowpass
filter. Hold-off can be set to O (Hold-off OFF) or in the range [20 ns .. 2.683 s] which correspond to low-pass
filter frequency from 100 MHz down to 0.5 Hz.

Setting Hold-off to approx. 75% of the cycle time of the signal allows to inhibit erroneous triggering for noisy
signals.

Hold-off time

Correct
measurements

Fig. 7.4: Using hold-off as a Digital LP filter to cope with erroneous triggering on noisy signal

Hold-off is also an effective measure to cope with contact bouncing on the front of the signal under test.
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Contact Bounce Contact Bounce Contact Bounce
Period Period Period

! !

: Switch Switch Deactivated : Switch
i Activated : Activated

Hold-off time

Correct Measurement

Fig. 7.5: Using Hold-off to cope with switch bounce effect

You should be aware of a few limitations to be able to use the Hold-off feature effectively and nambiguously.
First you must have a rough idea of the frequency to be measured. A cutoff frequency that is too low might give
a perfectly stable reading that is too low. In such a case, triggering occurs only on every 2nd, 3rd or 4th cycle.
A cutoff frequency that is too high (>2 times the input frequency) also leads to a stable reading. Here one noise
pulse is counted for each half-cycle.

7.3 Timeout

The instrument ends measurement when all requested samples have been collected. However, if signal is absent
(or lost) on one of the inputs used for the measurement - timestamps from this channel will never come and
instrument will wait forever unless measurement is stopped explicitly.

However, in many cases this is undesirable behavior. For example in an automated test system when absence
of signal can be a result of a wrong test setup or device under test malfunction, it is would be a waste of time to
wait until the expected end of a long measurement to discover that one of the signals is just missing.

This is where Timeout function comes to help. If Timeout is ON, the measurement will end in case there are no
samples from one of measurement inputs for the time duration set by Timeout Time.

7.4 Calibration

7.4.1 Internal Calibration

The instrument has a possibility to compensate for some internal sources of error by the means of internal
calibration. This procedure doesn’t require any external signal, the instrument can perform it automatically.

Performing internal calibration before the start of measurement helps getting maximum accuracy and best res-
olution. However, because internal calibration takes up to 2 s it has impact on measurement speed which might
be important in automated test systems. Hence, the instrument allows to choose the schedule of internal cali-
bration. Summarizes available options.
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Mode Description

Every 30 The instrument performs internal calibration every 30 minutes between successive measure-

minutes ments or when it is idle. This is the default option which provides the best trade-off between
accuracy, resolution and average measurement speed.

Before The instrument performs internal calibration before each timing measurement to ensure best

every resolution and accuracy. This results in additional time overhead of around 2 s per measurement

measure-  session. If such overhead is not critical - this is the recommended choice.

ment

Once (af- The instrument performs internal calibration only once - after the instrument has warmed up.

terwarm- This guarantees no calibration overhead, but resolution will deteriorate over time.

up)

Table 4. Internal Calibration Modes

To provide maximum flexibility, the instrument also provides the possibility to perform internal calibration ex-
plicitly. This is especially useful when Interpolator Calibration Mode is set to Once.

All above can be configured under Settings = Advanced section (see Fig. 7.6).

Settings - Advanced-

Normal (100 Hz)

Auto

Every 30 minutes

Inputs

1.039 kHz

Fig. 7.6: Internal Calibration configuration

7.4.2 Timebase Calibration

Note

For CNT-104R with Option 55 (GNSS), FTR-210R timebase calibration is not required unless the instrument
is used in Hold-over or Manual Hold-over modes

For increasing measurement accuracy, a good reference source can be used for timebase calibration. Connect
the source to Input A, select Settings—Timebase Calibration, choose reference frequency and start the proce-
dure. It is possible to interrupt the process midway, re-apply result from previous calibration or reset to factory
calibration setting.
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Settings - Timebase Calibration -

Timebase Calibration

Connect reference to input Calibration step

1.544 vHz  2.048 mHz 10.000000989 -

Factory: 15.08.2024
1 MHz 5 MHz Previous: 15.08.2024

Current:

Factory Restore
Default Previous

ABOUT
Fig. 7.7: Timebase Calibration menu

7.4.3 Voltage Calibration

For increasing accuracy of voltage measurements and manual trigger level setting accuracy, a good source of DC
voltage can be used for voltage calibration. Open Settings = Voltage menu, select the input to be calibrated and

follow the instructions.

Note

Pictures below illustrate display of CNT-104S model.

For CNT-102, channels D, E are not available and areas, fields and graphical objects for corresponding to
these channel are not present. Up to 2 signals can be measured in parallel.

For FTR-210R, channels B, D, E, C are not available and areas, fields and graphical objects for corresponding
to these channel are not present. Only one signal can be measured in parallel.

J

72



Settings - Voltage Calibration -

Voltage Calibration

“ B E Calibrating

Factory Restore
Default Previous

Fig. 7.8: Voltage Calibration menu

Note

Voltage calibration sets inputs to 1 MOhm impedance.

7.5 Mathematics

The instrument can use five mathematical expressions to process the measurement result before it is displayed:
o KxX+L
o K/X+L
o (KxX+L)/M
o (K/X+L)/M
o X/M-1
Select Settings = Math / Limits to enter the Math / Limits submenu.

73



Settings - Mathematics -

Fig. 7.9: Mathematics menu

The default values of K (Scale factor), L (Offset) and M (Reference value) are chosen to 1, 0 and 1 respectively,
so that the measurement result is not affected directly after activating Math. Recalling the default setting will
restore these values as well.

It is possible to apply Mathematics function to all measurement series or to selected one.

When Mathematics is turned on, the instrument status bart shows MATH indicator.

7.5.1 Example use cases

If you want to observe the deviation from a nominal frequency, for example 10 MHz, instead of the absolute
frequency itself, you can do like this:

e Select Math

e Select the expression KxX+L

e Select K =1 (if not already set)

e SelectL =-10 MHz

e Now the display will show the deviation from the value you have just entered.

By changing the constant K you can scale the result instead. Set for example K = 60 to convert Frequency in Hz
to RPM (revolutions per minute) from rotation transducers.

Use the expression X/M-1 if you want the result to be displayed as a relative deviation. The result will be
displayed as

%, %o (per mille or one-thousandth), ppm, ppb, or as a dimensionless number like +1.2345E-12.

7.6 Limits

Limits feature is used for setting numerical limits and selecting the way the instrument will report the measure-
ment results in relation to them.
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Settings - Limits-

Fig. 7.10: Limits configuration

Limit Behavior setting defines how the device will react on limits:

e Off - limits are not checked.

Capture - only samples meeting the limit criterion are captured, the rest are discarded. Limit status is
displayed.

Alarm - all samples are captured; limit status is displayed.

Alarm Stop - measurement session stops if measured value doesn’t meet the limit criterion.
Limit Type:

e Above - results above set Lower Limit will pass.

e Below - results below set Upper Limit will pass.

e Range - results within the set limits will pass.
Limits can be applied to all measurement series or to selected one, depending on user’s choice.

When Limit Behavior is not Off, the instrument status bar shows LIM. It will change to LIM! if at least one sample
didn’t meet set Limit criterion during measurement session.

Numeric, Graph and Distribution screens will also have additional Limit indicators displayed.

Note

Pictures below illustrate display of CNT-104S model.

For CNT-102, channels D, E are not available and areas, fields and graphical objects for corresponding to
these channel are not present. Up to 2 signals can be measured in parallel.

For FTR-210R, channels B, D, E, C are not available and areas, fields and graphical objects for corresponding
to these channel are not present. Only one signal can be measured in parallel.

75



Exclamation mark means at least one of series is currently not in Limits

Frequency A,B,D, E

1.2345 2 Xi/N

Upper Limit Value
Upper Limit
Lower Limit

Lower Limit Value

1.000 C

Series Limits current state (upper and lower): Status Bar Limits indicator
each element represents particular series
state - it has color of the series if series
Limit failed, dark color otherwise.

Fig. 7.11: Limits display

7.7 Pulse Output (option)

Note

License is needed to unlock Pulse Output functionality in the instrument.

Settings Pulse Output -

Pulse Generator

Fig. 7.12: Pulse Output configuration
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Pulse Output is located on rear panel of the instrument and can be used for one of the following purposes:

e Pulse Generator. Pulse period can be selected in [10 ns .. 2.147 s] range in 2 ns steps, pulse width - from
6 ns in 2 ns steps. Pulse width must be at least 4 ns lower than period.

e Gate Open. High level indicates that measurement is in progress.
e Alarm Out. Indicates when Limits Alarm is active. Can be selected between Active High and Active Low

Irrespective to the selected mode, the amplitude of Pulse Output signal is set to TTL levels into 50 Ohm termi-
nation

7.8 Network

The instrument supports wired 10/100/1000 Mbps connection as well as wireless (via external USB Wi-Fi
adapter).

It has IPv4 support and can be configured in either Static or Dynamic (DHCP) mode. If Static mode is selected,
user is expected to manually enter IP address, Network mask and Gateway. For Dynamic mode, these fields are
read-only and display IP address, network mask and gateway that are currently in use.

Settings - User Options- Network -

Dynamic (DHCP)

Fig. 7.13: Network configuration

7.8.1 Web Interface

The instrument has built in web server that provides Web Interface allowing to see the instrument screen and
control it remotely, download files and upgrade firmware.

Note

Pictures below illustrate display of CNT-104S model.

For CNT-102, channels D, E are not available and areas, fields and graphical objects for corresponding to
these channel are not present. Up to 2 signals can be measured in parallel.

For FTR-210R, channels B, D, E, C are not available and areas, fields and graphical objects for corresponding
to these channel are not present. Only one signal can be measured in parallel.
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Connected to xOvncserve

Frequency A
1.2345 [Zx/N_ N

|ﬂ “]W ”n ||” ! '” |||II\

‘u u\ .

M "uﬂ”w-"n g -‘lwﬁ'.w'w' i W‘I i m vw ..m \"."‘.“\"‘HJ |

@M

4

-0.9 E-12

count 275/1000 27 %

mean 0.0 E-15

min -4.7 E-12

max 4.7 E-12

p-p 9.3 E-12

std 1.44 E-12
adev

T 15.000 000 00 s

RUN MATH LIM!

Fig. 7.14: Web Interface

pendulum

# Firmware Update

Click here, or drag and drop a firmware update image file to this area

@ Update not started.

® Messages

Fig. 7.15: Firmware Update page of the Web Interface




Directory listing for /

+ 2023:0025 14:04:08 Time Interval ABDE A-Bosv
* 2023-00-25 |4-04-08 Time Interval ABDE A-Desv

o 2023.0]-25_|4-04-08_Time Interval A BDE_A-Ecav

.Q._Ql_-a._.l_O_QS_\_lLL.:lB.DE_d_u_

2023-01- 4 cp ABDE Besv

MHBDL&M—
o 2023.0]-25 1 Ay .MB_D[_}:_“_
* lost+found’

Fig. 7.16: File Download page of the Web Interface
7.8.2 VNC

The instrument also exposes VNC server on port 5901 which allows remote access and control. One can use
any VNC client software on PC, mobile phone or tablet.

7.9 Front USB ports

Front panel USB ports can be used for connecting:
e Peripherals (PC keyboard and mouse) which complement the touch screen interface.
e USB storage for saving measurement results, presets or upgrading firmware.

o Wi-Fi adapter for enabling wireless networking. Please check the datasheet for the list of supported don-
gles that were tested for compatibility. Other models may be missing a driver and not work out-of-the-box.

Note

Only FAT32 and exFAT filesystems are supported for USB sticks. NTFS is not supported.

7.10 File Manager

The instrument has built-in File Manager accessible via Settings = User Options = File Manager or dedicated
icon on measurement screen.
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Settings - User Options- - File Manager -

Internal

7.11 Firmware Update

There are 2 ways of updating firmware of the instrument:
Update via Web Interface (preferred):
e Download SW update file (it has .swu extension) to your PC
e Connect the instrument to LAN: either via ethernet cable or use supported Wi-Fi dongle to connect via
Wi-Fi
e On the instrument open Settings = User Options = Network to check or set current IP address

e On PC openweb browser and type the instrument address to address field. The instrument’s Web Interface
will open

e Click Software Update link on top right and follow the instructions
Update via USB stick:

Note

Only FAT32 and exFAT filesystems are supported for USB sticks. NTFS is not supported.

e Copy SW update file to the USB stick. The file has .swu extension
¢ Insert the USB stick to one of the instrument’s front panel USB ports
e Navigate to Settings = User Options — Firmware Update

e On Firmware Update screen tap/click on SW update file. SW update will start. No progress indication will
be displayed - wait until the instrument reboots

7.12 Installing license

Note

Only FAT32 and exFAT filesystems are supported for USB sticks. NTFS is not supported.
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Put License File on USB stick
Insert the USB stick to one of the instrument’s front panel USB ports
Navigate to Settings = User Options = Import License

Select License to be imported. After confirmation the user interface will-reload to activate the new license.
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Chapter 8

Performance Check

8.1 General Information
WARNING: Before turning on the instrument, ensure that it has been installed in accordance with the Installation
Instructions outlined in Chapter 1 of the User’s Manual.
This performance procedure is intended for:
e checking the instrument’s specification.

e incoming inspection to determine the acceptability of newly purchased instruments and recently recali-
brated instruments.

e checking the necessity of recalibration after the specified recalibration intervals.

NOTE: The procedure does not check every facet of the instrument’s calibration; rather, it is concerned primarily
with those parts of the instrument which are essential for determining the function of the instrument.

It is not necessary to remove the instrument cover to perform this procedure.

8.2 Preparations

Power up your instrument at least 30 minutes before checking to let it reach normal operating temperature.
Failure to do so may result in certain test steps not meeting equipment specifications.
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8.3 Test Equipment

Type of Equipment
Reference Oscillator

Required Specifications

Voltage Calibrator
LF Synthesizer
Pulse Generator

Oscilloscope
RF Signal Generator

Power Splitter

10 MHz, 1x10°8 (e.g.
6688) for calibrating the standard TCXO oscil-
lator

10 MHz, 1x107 (e.g.
6689) for calibrating Opt 30 & Opt 40 (OCXO)

DC-50Vto+50V (e.g. Fluke 5500) for calibrating the
built-in voltage reference, alternatively correspond-
ing DC power supply + DVM with uncertainty <0.1 %
Square/ Sine up to 10 MHz, 10 Vgms

2 nsrise time, 5 V peak, >10 MHz, continuous & one-
shot trigger

1 GHz, <3% voltage uncertainty

0.1 to 3, 10, 15, 20, or 24 GHz dep. on RF input,
<1dBm level uncertainty, 10 MHz ext.ref.

50 Ohm 6dB BNC

T-piece BNC

Termination
Low-pass Filter
BNC Cables

50 Ohm feed through BNC
50 kHz (for 1 MOhm) load
Approx. 10 pcs of suitable lengths

Table 5. Recommended equipment for calibration and performance check.

8.4 Internal Self-Tests

Internal self-tests are run on every instrument power up. In case of a failure information message box appears
described the type of the error.

8.5

Front Panel Controls

8.5.1 Touch Panel and Keyboard Test

Press Settings icon on top right. Open User Options — Recall Defaults. Confirmation dialog will appear.
Press Yes.

Press BACK hard button. Main Settings screen will appear.

Press Advanced, then press Signal Source and select Test.

Press ABOUT in bottom right corner. About box will appear.

Press OK.

Press HOME hard button. Measurement screen will appear. Frequency around 1 MHz will be measured.
Press HOLD hard button. Measurement will be put in HOLD after current one finishes.

Press RESTART hard button. Instrument will perform single measurement.

Press Measurement Function name in top left corner. Function selection dialog will appear.

Select Period = Period Single = A, B.

Press OK. Measurement screen will appear.

Press AUTOSET hard button. Autoset progress dialog will appear followed by “Autoset finished” notifica-
tion.
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8.6 Short Form Specification Test

8.6.1 Sensitivity and Frequency Range for measurement inputs

Recall Defaults

Select Frequency A.

Select 50 Q input impedance, 1x attenuation, Manual Trigger Levels and Absolute Trigger Level A OV.
Select Preamp ON

Connect a signal from a HF generator to a BNC power splitter.

Connect the power splitter to Input A of your counter and an oscilloscope. Set the input impedance to 50
Q on the oscilloscope.

Adjust the amplitude according to the following table. Read the level on the oscilloscope. The
timer/counter should display the correct frequency.

Repeat the measurements and input settings above for inputs B, D, E (on CNT-104S, CNT-104R) or B (on
CNT-102)

Table 8.1: Sensitivity of measurement inputs at various frequencies

Frequency (MHz) Level (mVrms) Level (dBm) Pass/Fail

10 15 =23
50 15 2253
100 25 -19
200 35 -16
300 35 -16
400 50 -13

8.6.2 Sensitivity and Frequency Range for RF Input (Input C)

To verify the specifications of the different RF prescalers, use the following basic test setup:
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Connect the output of a signal generator covering the specified frequency range to the RF input (C) of the
instrument.

Connect the 10 MHz REF OUT from the generator to the EXT REF on the rear panel of the instrument.
Choose External in Settings = Advanced — Timebase Reference.

Select Frequency C as Measurement Function.
Generate a sine wave in accordance with the data in the relevant table (Table 8.2, Table 8.3).

Verify that the instrument is counting correctly. (The last digits will be unstable).

Table 8.2: RF input sensitivity, Option 10 (3 GHz)

Frequency GHz Amplitude dBm

0.1-0.3 -21
0.3-2.5 -27
2.5-2.7 -21
2.7-3.0 -15

Table 8.3: RF input sensitivity, Option 110 (10, 15, 20 or 24 GHz)

Frequency GHz Amplitude dBm

0.4-0.6 -21
0.6-15 -27
15-23 -11
23-24 -11




8.6.3 Voltage

Recall Defaults.
Select Vpp A
Select DC coupling and Filter 10 kHz. Do not apply an input signal to Input A yet.

The display should now indicate (disregard the main parameter Vpp): Vmin= 0 £ 0.015 V and Vmax=0 +
0.015V

Adjust the current limit of the DC voltage source to <200 mA.
Connect +2.500 Vdc to Input A, using the external 50 kHz low-pass filter on the input.

The display should now indicate: Vmin = 2.500 + 0.040 V and Vmax = 2.500 + 0.040 V Repeat the mea-
surement with inverted polarity.

Select Input A and select 10x.

CAUTION: Before the next step, make sure the input impedance is still 1 MQ. Applying more than 12 V without
proper current limiting may cause extensive damage to the main PCB, if the impedance is set to 50 Q.

Change the DC level to +50.00 V.

The display should now indicate: Vmin = 50.00 + 0.65 V and Vmax = 50.00 £ 0.65 V Repeat the measure-
ment with inverted polarity.

Disconnect the DC voltage from Input A. Remove the external low-pass filter.
Select Input A and select 1x.

Connect the LF generator to Input A, and set an amplitude of 4.000 Vpp and a frequency of 100 kHz.
Verify the Amplitude with a good Voltmeter

The display should now indicate: 4.000 + 0.150 Vpp.

Select Input A and select 10x.

Change the amplitude to 18.00 Vpp.

The display should now indicate: 18.00 + 1 Vpp. Disconnect the LF generator from Input A.
Select Input A and select 1x, 50 ohm, and Filter = OFF.

Connect the RF generator to Input A and set an amplitude of 4.000 Vpp and a frequency of 100 MHz.
Verify the amplitude on an oscilloscope.

The display should now indicate: 4.000 + 0.40 Vpp. Select Input A and select 10x.
Change the amplitude to 18.00 Vpp.
The display should now indicate: 18.00 + 2.2 Vpp

Proceed by repeating the measurements for inputs B, D, E (on CNT-104S, CNT-104R) or B (on CNT-102),
as described above for Input A.
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Supplied
Voltage

Instrument limits
Vmax, Vmin, Vpp

P/F

Vmin

Vmax

DC-coupled, ATT x1, 1 Mohm impedance, LP filter 10 kHz

Open input -155mV +15mV

+2.500V DC +2.460V | +2.540V

-2.500V DC -2.540V | -2.460V

ATT x10, 1 Mohm, LP filter 10 kHz WARNING! A 50 ohm input will be DAMAGED
+50.00V DC +49.35V | +50.65V

-50.00V DC -50.65V | -49.35V

ATT x1, TMohm, LP filter 30 MHz, LF generator with low output impedance
4.00Vpp AC 3.85Vpp | 4.15Vpp

sine, 100kHz

ATT x10, 1Mohm, LP filter 30 MHz

18.0Vp-pAC | 17.1Vpp | 18.9Vpp

sing 100kHz

ATT x1, 50 ohm, LP filter OFF, RF generatowith 50 ohm output impedance
4.00Vpp AC 36Vp-p | 44Vp-p

sine, 100 MHz

ATT x10, 50 ohm, LP filter OFF

18.0Vpp AC 15.8Vp-p | 20.2/p-p

sine, 100kHz

8.6.4 Reference Oscillators

X- tal oscillators are affected by a number of external conditions like ambient temperature and supply voltage.
Aging is also an important factor. Therefore, it is hard to give limits for the allowed frequency deviation. The

user himself must decide the limits depending on his application and recalibrate the oscillator accordingly.

To check the accuracy of the oscillator you must have a calibrated reference signal that is at least five times more
stable than the oscillator that you are testing. See Table 7-6 and the list of test equipment on page 7-2. If you

use a non-10 MHz reference, you can use the mathematics in the timer/counter to multiply the reading.

e Recall Defaults

e Connect the reference to input A

e Check the readout against the accuracy requirements of your application.

8.6.4.1 Acceptance Test

Table 8.4 can serve as an acceptance test and gives a worst case figure after 30 minutes warm-up time. All
deviations that can occur in a year are added together.

Table 8.4: Acceptance test for oscillators

Oscillator
Standard (TCXO)
Option 30 (OCXO)
Option 40 (OCXO)

Frequency Readout

Suitable Reference P/F

10.00000000 MHz + 150 Hz 6688
10.00000000 MHz + 1Hz 6689
10.00000000 MHz + 0.25 Hz 6689
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8.6.5 Resolution Test

Note

This test can't be done on FTR-210R

e Connect the pulse generator to a power splitter.

e Connect one side of the power splitter to Input A on the instrument using a coaxial cable.

e Connect the other side of the power splitter to Input B on the instrument.
Settings for the pulse generator:

e Amplitude = 4 Vp, (high level +4 V and low level O V) Period = approx. 1 ms

e Duration = approx. 50 ns

e Rise time=2ns
Settings for the instrument:

o Recall Defaults,

e Select Time Interval Single A, B,

o Set for Inputs A & B: 50 Q, DC coupling, Manual Trigger Levels,

e Set Absolute Trigger Level Ato +1V,

e Set Absolute Trigger Level Bto +1V,

The standard deviation (std) should be less than 140 ps, corresponding to a resolution of 7 ps per timestamp.

8.7 Rear Inputs/QOutputs

8.7.1 10 MHz OUT

e Connect an oscilloscope to the 10MHz output on the rear of the instrument. Use a coaxial cable and 50Q
termination.

e The output voltage should be sinusoidal and >1V,_,, typically 1V ms.

8.7.2 EXT REF FREQ IN

Note

Not available for FTR-210R GNSS disciplined Frequency & Time Reference

e Recall Defaults.

Connect a stable 10 MHz signal (e.g REF OUT from another counter/analyzer) to input A. Connect a 10
MHz, 100 mVgums, (0.28 Vp-p) signal from the LF synthesizer to EXT REF. Select Ext Ref. from the Timebase
Oscillator setting menu

The display should show 10 MHz.

Change the external reference frequency to 5 and 1 MHz.

The counting should continue, and the display should still show 10 MHz.
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8.7.3 EXT ARM IN

Note

Not available for FTR-210R GNSS disciplined Frequency & Time Reference

e Proceed from the test above.

Settings for the pulse generator:

single shot pulse,

manual trigger,
amplitude TTL=0 - 2 VPP, and

duration = 10 ns.

Connect the pulse generator to Ext Arm Input.

Set Start Arming to EA on the instrument. The instrument does not measure.
o Apply one single pulse to Ext Arm Input.

e The instrument measures once and shows 10 MHz on the display.

8.7.4 PULSE OUT

e Connect an oscilloscope to the pulse output on the rear panel with a 50 Q coaxial cable terminated at the
scope input with 50 Q (internally or externally).

e Enter Settings = Pulse Output.

e Set Mode to Pulse Generator. Select Pulse Period and set the value to 1000 ns. Select Pulse Width and
set the value to 500 ns.

e The output signal should be a pure square wave signal with 1 MHz frequency and 50 % duty cycle. The
rise/fall time should be approximately 2.5 ns. The low and the high level should be <0.2 V resp. >2.4 V.

8.8 Measuring Functions

Note

Particular measurement function availability depends on particular model and licenses combination.

e Recall Defaults
e Set Settings = Advanced — Signal Source to Test
e Set Sample Interval to 200 ms

e Set DC, 50 Q, Manual Trigger Levels, Absolute Trigger Level to 0.5 V for inputs A, B, D, E (on CNT-104S,
CNT-104R) or A, B (on CNT-102)

e Go through Measurement Functions from the Table 8 and verify the results.

Note that the results in the table are rounded off and very approximate. Test signal is not synchronized to
instrument timebase and can generate Frequencies far from nominal. No tolerances are given for this test.
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Measurement Function Display Pass/Fail
Frequency A,B, {D,E} 1 MHz

Smart Frequency A,B,{D,E} 1 MHz

Frequency Ratio A,B,{D,E} 1

Period Average A,B,{D,E} 1 us

Smart Period Avg A,B,{D,E} 1us

Period Single A,B ({D,E}) 1 us

Time Interval A,B,{D,E}
Time Interval Single A,B,{D,E}
Acc. Time Interval A,B,{D,E}

>-100 ps, <100ps
>-100 ps, <100ps
>-100 ps, <100ps

Phase A,B ({D,E}) 0° (360°)
Acc. Phase A,B ({D,E}) 0° (360°)
TIE Os

Pos. Duty Cycle A (B,{D,E}) 0.5

Neg. Duty Cycle A (B,{D,E}) 0.5

Pos. Pulse Width A,B ({D,E}) 500 ns
Neg. Pulse Width A,B ({D,E}) 500 ns
Rise Time A, B ({D,E}) <5ns

Fall Time A, B ({D,E}) <5ns
Rise-Fall Time A (B,{D,E}) <5ns

Pos. Slew Rate A, B ({D,E}) >350 MV/s
Neg. Slew Rate A, B ({D,E}) <-350 MV/s
Totalize A,B,{D,E} increments
Totalize X+Y A,B,D,E increments
Totalize X-Y A,B,{D,E} 0

Totalize X/Y A,B,{D,E} 1

Vmin A,B,{D,E} oV

Vmax A,B,{D,E} 2V

Vp-p A,B,{D,E} 2V

Vminmax A (B,{D,E})

Vmin=0V, Vmax=2 V

Table 10. Measurement Functions check

8.8.1 Optional RF Input C

e With an optional RF input (Input C) you will require an external RF source to verify Input C. A simple
functional check can be performed by connecting a 1 GHz, -10 dBm signal after selecting Freq C. No other
settings need to be changed.

e Read 1 GHz on the display

8.9 Check of HOLD OFF Function

e Recall Defaults

e Select Period Single A

e Set DC, 50 Q for Input A

e Connect the rear panel output marked 10 MHz Out to Input A. The instrument will display 100 ns

¢ Increase Hold-Off Time setting (Settings — Measurement — Hold-Off Time) in steps from O s to 120 ns

e While Hold-Off Time is below 100 ns the result will be about 100 ns (one period). As soon as Hold-Off
Time exceeds 100 ns (e.g. 110 ns), the result displayed will be about 200 ns (two periods)
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Chapter 9

Specifications

Up-to-date specifications for CNT-100 series Multi-Channel Frequency Analyzer are available on the Pendulum
Instruments web site:

e CNT-104S: https://pendulum-instruments.com/datasheets/CNT-104S-Datasheet.pdf
o CNT-104R: https://pendulum-instruments.com/datasheets/CNT-104R-Datasheet.pdf
e CNT-102: https://pendulum-instruments.com/datasheets/CNT-102-Datasheet.pdf
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Chapter 10

Sales and Service Contacts

For additional product information, customer support and service, please contact Pendulum Instruments at the

following addresses:

Pendulum Instruments

UNITED STATES
50 Woodside Plaza # 642, Redwood City, CA 94061
Phone: +1(866) 644-1230 (toll free)

POLAND
Lotnicza 37, 80-297 Banino, Poland
Phone: +48 (58) 681 89 01

CHINA

Room 1208, 12F, Building 2, Fuhai Center Daliushu,
Haidian District, Beijing 100081

Phone: +86 13501221550

General Enquiries
info@pendulum-instruments.com

Request A Quotation
sales@pendulum-instruments.com

Orderdesk
orderdesk@pendulum-instruments.com

Technical Support
service@pendulum-instruments.com
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