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Technology Licenses

The hardware and/or software
described in this document are fur-
nished under a license and may be
used or copied only in accordance with
the terms of such license.

Declaration of Conformity

Declarations of Conformity for this
product and for other Keysight prod-
ucts may be downloaded from the
Web. Go to http://www.keysight.com/
go/conformity. You can then search by
product number to find the latest Dec-
laration of Conformity.

U.S. Government Rights

The Software is “commercial computer
software,” as defined by Federal Acqui-
sition Regulation (“FAR”) 2.101. Pursu-
ant to FAR 12.212 and 27.405-3 and
Department of Defense FAR Supple-
ment (“DFARS”) 227.7202, the U.S.
government acquires commercial com-
puter software under the same terms
by which the software is customarily
provided to the public. Accordingly,
Keysight provides the Software to U.S.
government customers under its stan-
dard commercial license, which is
embodied in its End User License
Agreement (EULA), a copy of which can
be found at http://www.keysight.com/
find/sweula. The license set forth in the
EULA represents the exclusive authority
by which the U.S. government may use,
modify, distribute, or disclose the Soft-
ware. The EULA and the license set
forth therein, does not require or per-
mit, among other things, that Keysight:
(1) Furnish technical information
related to commercial computer soft-
ware or commercial computer software
documentation that is not customarily
provided to the public; or (2) Relinquish
to, or otherwise provide, the govern-
ment rights in excess of these rights
customarily provided to the public to
use, modify, reproduce, release, per-
form, display, or disclose commercial
computer software or commercial com-
puter software documentation. No
additional government requirements
beyond those set forth in the EULA
shall apply, except to the extent that
those terms, rights, or licenses are
explicitly required from all providers of
commercial computer software pursu-
ant to the FAR and the DFARS and are
set forth specifically in writing else-
where in the EULA. Keysight shall be
under no obligation to update, revise or
otherwise modify the Software. With
respect to any technical data as
defined by FAR 2.101, pursuant to FAR
12.211 and 27.404.2 and DFARS
227.7102, the U.S. government
acquires no greater than Limited Rights
as defined in FAR 27.401 or DFAR
227.7103-5 (c), as applicable in any
technical data.

Warranty

THE MATERIAL CONTAINED IN THIS
DOCUMENT IS PROVIDED “AS IS,”
AND IS SUBJECT TO BEING
CHANGED, WITHOUT NOTICE, IN
FUTURE EDITIONS. FURTHER, TO THE
MAXIMUM EXTENT PERMITTED BY
APPLICABLE LAW, KEYSIGHT DIS-
CLAIMS ALL WARRANTIES, EITHER
EXPRESS OR IMPLIED, WITH REGARD
TO THIS MANUAL AND ANY INFORMA-
TION CONTAINED HEREIN, INCLUD-
ING BUT NOT LIMITED TO THE
IMPLIED WARRANTIES OF MER-
CHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. KEYSIGHT
SHALL NOT BE LIABLE FOR ERRORS
OR FOR INCIDENTAL OR CONSE-
QUENTIAL DAMAGES IN CONNECTION
WITH THE FURNISHING, USE, OR
PERFORMANCE OF THIS DOCUMENT
OR OF ANY INFORMATION CON-
TAINED HEREIN. SHOULD KEYSIGHT
AND THE USER HAVE A SEPARATE
WRITTEN AGREEMENT WITH WAR-
RANTY TERMS COVERING THE MATE-
RIAL IN THIS DOCUMENT THAT
CONFLICT WITH THESE TERMS, THE
WARRANTY TERMS IN THE SEPARATE
AGREEMENT SHALL CONTROL.

Safety Information

A CAUTION notice denotes a hazard. It
calls attention to an operating proce-
dure, practice, or the like that, if not
correctly performed or adhered to,
could result in damage to the product
or loss of important data. Do not pro-
ceed beyond a CAUTION notice until
the indicated conditions are fully
understood and met.

A WARNING notice denotes a hazard. It
calls attention to an operating proce-
dure, practice, or the like that, if not
correctly performed or adhered to,
could result in personal injury or death.
Do not proceed beyond a WARNING
notice until the indicated conditions are
fully understood and met.
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Software Updates/Licenses

Periodically, Keysight releases software updates to fix known defects and
incorporate product enhancements. To search for software updates and the latest
documentation for your product, go to the product page at:

www.keysight.com/find/53220A
www.keysight.com/find/53230A

A portion of the software in this product is licensed under terms of the General
Public License Version 2 (“GPLv2"). The text of the license and source code can be
found at:

www.keysight.com/find/GPLV?2

This product utilizes Microsoft Windows CE. Keysight highly recommends that all
Windows-based computers connected to Windows CE instruments utilize current
anti-virus software. For more information, go to the product page at:

www.keysight.com/find/53220A
www.keysight.com/find/53230A
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Assistance

Certification

This product comes with the standard product warranty. Warranty options,
extended support contacts, product maintenance agreements and customer
assistance agreements are also available. Contact your nearest Keysight
Technologies Sales and Service office for further information on Keysight
Technologies' full line of Support Programs.

Keysight Technologies certifies that this product met its published specifications
at time of shipment from the factory. Keysight Technologies further certifies that
its calibration measurements are traceable to the United States National Institute
of Standards and Technology, to the extent allowed by the Institute's calibration
facility, and to the calibration facilities of other International Standards
Organization members.

Exclusive Remedies

The remedies provided herein are the customer's sole and exclusive remedies.
Keysight Technologies shall not be liable for any direct, indirect, special,
incidental, or consequential damages, whether based on contract, tort, or any
other legal theory.
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Lithium Battery Recycling

The 53220A/53230A counters contain a 3 V “coin cell” lithium battery. Keysight
recommends that this battery be replaced every year at the instrument’s 1-year
calibration interval. Replacement procedures are provided in the 53220A/53230A

Service Guide.

Option 300 provides battery operation of the 53220A/53230A using a 12 lithium
battery. Performance of this battery will degrade over time as a function of the
number of battery charge/discharge cycles.

Refer to local, state, or Federal regulations when disposing of, or recycling either

battery.

Safety Symbols

The following symbols on the instrument and in the documentation indicate
precautions which must be taken to maintain safe operation of the instrument.

Standby Power. Unit is not completely
( I > disconnected from AC mains when

power switch is in standby position.

77

Frame or chassis (ground) terminal

Caution, risk of danger (refer to this
A manual for specific Warning or Caution

information)

CAT |

IEC Measurement Category I. Do NOT
connect inputs to AC mains or to
circuits derived from AC mains.
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Safety Information

The following general safety precautions must be observed during all phases of
operation of this instrument. Failure to comply with these precautions or with
specific warnings or operating instructions in the product manuals violates safety
standards of design, manufacture, and intended use of the instrument. Keysight
Technologies assumes no liability for the customer's failure to comply with these
requirements.

General

Do not use this product in any manner not specified by the manufacturer. The
protective features of this product may be impaired if it is used in a manner not
specified in the operation instructions.

Before applying power

Verify that all safety precautions are taken. Note the instrument's external
markings described under Safety Symbols.

Ground the instrument

Fuses

The Keysight 53220A/53230A is provided with a grounding-type power plug. The
instrument chassis and cover must be connected to an electrical ground to
minimize shock hazard. The ground pin must be firmly connected to an electrical
ground (safety ground) terminal at the power outlet. Any interruption of the
protective (grounding) conductor or disconnection of the protective earth terminal
will cause a potential shock hazard that could result in personal injury.

The Keysight 53220A/53230A is provided with an internal line fuse appropriate for
the line voltages listed on the instrument. This fuse is not user accessible.

Do not operate in an explosive atmosphere or Wet Environment

Do not operate the instrument in the presence of flammable gases or fumes,
vapor or wet environments.
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Do not operate near flammable liquids

Do not operate the instrument in the presence of flammable liquids or near
containers of such liquids.

Do not remove the instrument cover

Only qualified, service-trained personnel who are aware of the hazards involved
should remove instrument covers. Always disconnect the power cable and any
external circuits before removing the instrument cover.

Do not modify the instrument

Do not install substitute parts or perform any unauthorized modification to the
product. Return the product to a Keysight Sales and Service Office for service and
repair to ensure that safety features are maintained.

In case of damage

Instruments that appear damaged or defective should be made inoperative and
secured against unintended operation until they can be repaired by qualified
service personnel.

Cleaning the instrument

Clean the outside of the instrument with a soft, lint-free, slightly-dampened cloth.
Do not use detergents or chemical solvents.

m Do not connect the input channels of the 53220A/53230A to AC line-voltage
mains or to circuits derived from AC mains. The instrument must be used in
CAT I (isolated from mains) applications only. Do not use in other IEC
Measurement Category (CAT Il, CAT Ill, or CAT IV) applications. Failure to
observe these precautions may result in electric shock and serious
personal injury.
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The BNC shells of the input terminals are connected to the instrument
chassis. Verify signal polarity before making any connections to the input
terminals.

Protection limits

The Keysight 53220A/53230A 350 MHz Universal Frequency Counter/Timer
provides protection circuitry to prevent damage to the instrument and to protect
against the danger of electric shock, provided the Protection Limits are not
exceeded and the instrument is properly grounded. To ensure safe operation of
the instrument, do not exceed the Protection Limits defined on the front panel:

Channel / Setup

1 Watt Max into 50W

During battery operation, the maximum measured signal supplied by the
useris +42 V.

Product Options 201/202 add parallel Channel 1 and Channel 2 inputs to the
rear panel of the instrument. Signals on the center conductor of either
panel’s channel BNCs are also present on the corresponding center
conductor of the BNC on the opposite panel.
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Installing the instrument

The Keysight 53220A/53230A operates in the following line-voltage ranges:
100 V to 240 V, 50 Hz to 60 Hz
100V to 127V, 440 Hz
90 VA Max

Instrument ventilation is through the sides and rear. Do not obstruct the
ventilation holes in any of these locations.

Battery operation

When operating the 53220A or 53230A under battery power (Option 300), failure
to observe the following warnings may result in damage to the instrument,
electric shock, and serious personal injury:

m Connect the instrument chassis to earth ground during battery operation to
minimize shock hazard. Any interruption or disconnection of the protective

earth terminal will cause a potential shock hazard that could result in
personal injury.

m Under battery power, the instrument chassis may float to the potential of the
measured signal supplied by the user.
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Waste Electrical and Electronic Equipment (WEEE) Directive

This instrument complies with the WEEE Directive marking requirement. This
affixed product label indicates that you must not discard this electrical or
electronic product in domestic household waste.

Product category:
With reference to the equipment types in the WEEE directive Annex 1, this
instrument is classified as a “Monitoring and Control Instrument” product.

The affixed product label is as shown below.

Do not dispose in domestic household waste.

To return this unwanted instrument, contact your nearest Keysight Service Center,
or visit http://about.keysight.com/en/companyinfo/environment/takeback.shtml
for more information.

Sales and Technical Support

To contact Keysight for sales and technical support, refer to the support links on
the following Keysight websites:

- www.keysight.com/find/53220A
www.keysight.com/find/53230A
(product-specific information and support, software and
documentation updates)

- www.keysight.com/find/assist
(worldwide contact information for repair and service)
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Keysight 53220A/53230A 350 MHz Universal Frequency Counter/
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User’s Guide
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Welcome. This user’s guide contains configuration and operating information for
the Keysight 53220A/53230A 350 MHz Universal Frequency Counter/Timer.

The 53220A/53230A is a 2U, 1/2-module width LXI Class C instrument. The 2U,

1/2-module width references refer to the 53220A/53230A’s physical size relative
to standard EIA rack cabinet dimensions. LXI, an acronym for LAN eXtensions for
Instrumentation, is an instrumentation standard for devices that use the Ethernet
(LAN) as their primary remote communications interface.

KEYSIGHT

TECHNOLOGIES
21
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Preparation for Use
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The 53220A/53230A Universal Frequency Counter/Timer.
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Preparation for Use 1

Front and Rear Panel Overview

Figure 1-1 shows the front and rear panels of the Keysight 53230A 350 MHz
Universal Frequency Counter/Timer. The 53220A and the 53230A are
dimensionally identical and available with the same product options - with the
exception of Pulse Measurement Firmware Option 150 available with the 53230A
only.

Front panel

The shaded areas of the front panel represent keys that perform similar functions.
These areas are briefly described below.

A. Measure keys - display soft key menus from which the measurement function
is selected. Auto Scale senses the input signal (greater than 100 Hz) on input
channel 1, 2, or 3 and automatically sets the range and input threshold required to
make the selected measurement. Counter measurements are covered in

Chapter 3.

B. View keys - select how measurement data is displayed on the front panel.
Display configuration is covered later in this chapter. Graphics, math, and data
logging are covered in Chapter 6.

C. System keys - provide instrument-wide configuration which includes setting
the counter preset state and access to utility functions and to the counter’s
built-in help system. For measurement configuration involving numeric entry,
Shift changes the key definitions to the numbers at the lower left of the keys.

D. Channel keys - select the input channel and displays the soft key menu used to
configure the input signal path. Note that Figure T1-1 includes Channel 3 Option
106/115. Signal path configuration is covered in Chapter 4.

E. Gate and Trigger keys - select the gating and triggering soft key menus used
to control the measurement. Gating and triggering are covered in Chapter 5.

F. Soft keys - are the menus from which the counter is configured. The menus and
soft keys themselves are defined by the “functional” keys described above.

G. Power/Stand by button - switches the instrument between ‘on’ and ‘off’, or
between ‘on’ and ‘standby’.
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Preparation for Use

Standby power (when enabled) is provided by the line voltage or Battery Option
300 and is used to maintain the temperature of the oven-controlled crystal
oscillator (OCXO0) - Option 010. See “Applying Power” in this chapter for more
information.

H. USB ‘Host’ Port - available for transferring measurement data and instrument
configurations between the counter and a USB storage device. The front panel
port is for information transfer only. The rear panel USB port is used for
instrument (I/0) control. Data flow is covered in Chapter 7.

Rear panel

The 53230A rear panel shown in Figure 1-1 includes product Option 207 (parallel
rear panel inputs) and GPIB interface Option 400. The rear panel terminals are
briefly described below.

A. Parallel Rear Panel Inputs - product Options 201 and 202 add parallel inputs
on the rear panel. Note that these ARE NOT separate inputs. Signals on the center
conductor of either panel’s channel BNCs are ALSO present on the opposite
panel’s center conductor. Signal path configuration is covered in Chapter 4.

B. Ext Ref In - is the connector for providing an external reference oscillator
signal. Valid external refererence oscillator (time base) frequencies are 1, 5, and
10 MHz.

Int Ref Out - is the connector for accessing the counter’s internal 10 MHz
reference oscillator. The oscillator signal is a 0.5 Vrms (into 50 Q) sine wave.

Reference oscillator usage and configuration are covered in Chapter 3.

C. Gate In/Out - is an input for external gate signals, and an output for routing the
counter’s internal gate to other devices. Additional information on this connector
is covered in the section “Enabling Gate Signals on the ‘Gate in/Out’ BNC” in
Chapter b.

Trig In - is the connector for supplying an external trigger signal to the counter.
Triggering is covered in Chapter 5.

D. USB and LAN - are the standard input/output (I/0) ports. Configuration of
these ports and the GPIB interface is covered in Chapter 2.
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Display

The layout of the 53220A/53230A display is shown in Figure 1-2.

Input Settings Status Indicators
: measurement start edge RMT: remote (LAN, USB, GPIB) operation
10% : trigger threshold ExtRef: external frequency reference

AC  :input coupling (ac or dc)

1MW : input Impedance (1MW, 50W) % f} - invalid external reference

5V :input Range (5V, 50V, 500V) g i

Probe : probe enabled ExtTrig: external trigger source
BW : bandwidth filter enabled

Ch. 1 l Ch. 2
r Y Battery status:
charge level
Channel Configuration E]F 10% S S D } black — user disabled
AC 1MO 5V AC 1MQ B0V red — software disabled
Channel and Function  Time Interval 1-2

vanessseret ()], 388 seo

Secondary Measurements ~ Vpp: 2.00 ¥ VYmin: —220m¥  Vmax: 1.78 V
Data Entry Area Chan 1 Setup

Main Measurement Display

Soft K Coupling |Impedance| Range Level BW Limit Probe o
oftkeys " ac pC |[iMQ 500 BV 50V | Setup | [0ff 100k |None 10:1 Softkey Navigation

NG J

Figure 1-2 The 53220A/53230A display.
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This section lists the accessories shipped with the 53220A/53230A and contains
information on its specified operating and storage environments and electrical

requirements.

Materials included

The following accessories are shipped standard with the 53220A/53230A counter:

1 Power cord
2 USBcable

3 Keysight I/0 Libraries Suite CD-ROM
4 Keysight 53210A/53220A/53230A Product Reference CD-ROM

Additionally, your instrument may have shipped with one or more of the following
options installed.

Table 1-1

53220A/53230A product options

53220A

3230A

Opt. 070: Ultra High-Stability OCXO Timebase

Opt. 106: 6 GHz Microwave Input (Ch. 3)

Opt. 115: 15 GHz Microwave Input (Ch. 3)

Opt. 201: Add parallel Channel T and Channel 2 inputs on rear panel
Opt. 202: Install Option 106/115 on front panel

Opt. 203: Install Option 106/115 on rear panel

Opt. 300: Internal Lithium lon Smart Battery and Charger

Opt. 400: GPIB Interface

Opt. 070: Ultra High-Stability OCXO Timebase

Opt. 106: 6 GHz Microwave Input (Ch. 3)

Opt. 115: 15 GHz Microwave Input (Ch. 3)

Opt. 150: Pulse Microwave Measurements (5632304 only)

Opt. 207: Add parallel Channel 1 and Channel 2 inputs on rear panel
Opt. 202: Install Option 106/115 on front panel

Opt. 203: Install Option 106/115 on rear panel

Opt. 300: Internal Lithium lon Smart Battery and Charger

Opt. 400: GPIB Interface
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Each of the product options listed in Table 1-1 is available after the original
purchase of the instrument. Refer to the 53210A/53220A/53230A Service Guide
(p/n 53220-90010) for installation instructions for each of these options.

No manuals?
There are three printed manuals available with the 53220A/53230A:
- Keysight 53220A/53230A Quick Start Tutorial (p/n 53220-90005)
- Keysight 53220A/53230A User’s Guide (p/n 53220-90001)
- Keysight 53210A/53220A/53230A Service Guide (p/n 53220-90010)

53220A/53230A Option 0BO (delete printed manuals) is the default product
documentation option. If Option OBO was ordered, only the Quick Start Tutorial
and 53210A/53220A/53230A Product Reference CD-ROM are shipped with the
instrument. All manuals are available on the CD. To obtain printed manuals from
Keysight, contact your Keysight representative.

The 53220A and 53230A

Except where noted, the information contained in this user’s guide applies to both
the 53220A and 53230A.

Operating and storage environments

When operating the 53220A/53230A counter, note the following environmental
specifications:

Environment: EN61010, Pollution Degree 2; Indoor Locations
Temperature: 0°Cto+b5°C

Humidity: 5% to 80% RH (non-condensing)

Altitude: up to 3000 meters, or 10,000 feet
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When storing the 53220A/53230A counter, note the following storage
specification:

Temperature: -30°Cto+70°C

Use care when moving the counter from cold to warm conditions as condensation
may develop. Ensure that any condensation has evaporated and that the counter
has thermally stabilized before turning on the instrument.

Electrical requirements

The electrical (power) requirements of the 53220A/53230A are summarized
below.

Power supply: CAT | (do not connect to AC mains)
100 to 240 V @ 50/60 Hz (-5% to +10%)
10010 120 V @ 400 Hz (+ 10%)

Power consumption: 90 VA max when power is on or battery option is charging.
6 VA max during power off or standby

Line voltage and frequency are sensed at power on and no input power
adjustments (e.g. fuse changes, line voltage selection) are required.

For additional information, refer to the Safety Information pages at the
beginning of this guide. For a complete list of 53220A/53230A product
specifications, refer to the data sheet included on the 53210A/53220A/53230A
Product Reference CD (p/n 53220-13601), or on the Web at:

www.keysight.com/find/53220A
www.keysight.com/find/53230A

28
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Applying Power

Connect the power cord and press the “on/standby” button on the front panel
(¢H). During the power-on sequence the counter performs an auto-calibration
and self-test which includes:

- power supply verification

- FPGA test

- front panel verification

- measurement board verification

- channel 3 test (if present)

- Option 300 battery test (300 if present)

If the 53220A/53230A does not turn on when the on/standby button is pressed,
verify AC power is available to the instrument and that the power cord is
securely connected. If the instrument still does not turn on, the cooling fan is not
audible, or if the front panel display is off when power is applied, return the unit
to Keysight for repair.

Power-on LED status

The led located under the on/standby button is an indication of the on/off/
standby condition of the instrument. The different conditions are summarized in
the table below. The ‘off” status is determined by the presence of OXCO Option
010.
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Table 1-2 Power-on LED status and color

Instrument *Off’

0CXO w/ Standby OCXO w/ Stand by

Power Source Instrument ‘On enabled disabled No OCXO
AC Line green amber off off
gr)]ta.tigg)Battery green amber (blinking) off off

Opt. 300 Battery

(disabled) off off off off

Standby power

The power modes of the 53220A/53230A counter are ‘on’ ‘off’, and ‘standby’. In
standby mode with the instrument connected to line voltage, standby power is
supplied to maintain the temperature within the ultra high-stability oven
controlled crystal oscillator (Option 010).

Battery Option 300 itself supplies standby power for the OCXO when the 53220A/
53230A is not connected to line voltage.

Refer to Chapter 3, "Standby power to the reference oscillator (Option 010)" for
information on enabling/disabling standby power.
Cycling power and counter accuracy

With standby power enabled, repeated power cycling (line or battery) does not
affect the standard or ultra-high stability OCXO.
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Battery operation

Keysight 53220A/53230A User’s Guide

During battery operation, the maximum measured signal supplied by the
useris 42 V.

Also, connect the instrument chassis to earth ground during battery
operation to minimize shock hazard. Any interruption or disconnection of the
protective earth terminal will cause a potential shock hazard that could
result in personal injury.

Under battery power, the instrument chassis may float to the potential of the
measured signal supplied by the user.

Store / ‘ /0 ‘ Cal / Instr ‘ Systeml‘ Battery |47 g

*Recall *Cnnflg *AutnCaI 1 Setup 1 Setup |¢0pt|nn |
_____ elp
9
¥

|
| Battery Battery
| off Level

- —

With Battery Option 300 installed and enabled, the 53220A/53230A counter can
be operated using battery power for up to three hours.

Removing AC power when the battery is enabled switches the counter to battery
power automatically with no interruption of operation. Similarly, there is no
interruption in the transition back to line power, provided line power is
connected before the battery is disabled.
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Enabling and disabling the battery

When using the instrument with the Battery Option 300 for the first time after
purchase, or if the instrument has not been used for an extended period, the
battery must be charged before use. With line power connected and the
instrument either on or off, allow four hours for the battery to reach full charge.

Battery Option 300 is disabled when the instrument is shipped from the factory.
Battery control (enable/disable) is provided by the front panel keys shown on the
previous page or using the command:

SYSTem:BATTery:ENABle {OFF|ON}
SYSTem:BATTery:ENABle? (query form)

- ON enables the battery. Off disables the battery. The battery state is stored in
non-volatile memory and does not change when power is cycled or following a
reset (*RST) or instrument preset (SYSTem:PREset or Preset key).

The battery should remain enabled while the counter is using AC power. The
battery should only be disabled if the instrument is stored and unused for an
extended period. This will minimize battery drain.

Reading the battery level Pressing the Battery Level soft key or sending the
command:

SYSTem:BATTery:LEVel?
reads the battery charge (in percent) relative to a fully charged (100%) battery.

Battery in use The presence and status (enabled or disabled) of the battery is
indicated by a battery icon in the upper-right corner of the display (Figure 1-2).
Remotely, the instrument can be queried as to whether it is currently using AC
power or battery power with the command:

SYSTem:BATTery:STATus?

The command returns AC if the instrument is using line power, or BATT if using the
internal battery.
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The following table summarizes battery operation:

Operating time (typ): 3 hours (below +35 °C)

Standby time (typ): 24 hours (below +35 °C, OCXO powered)

Recharge time (typ): 4 hours to 100% capacity or 2 hours to 90% capacity
Temperature range: 0°Cto+b5 °C (operating) - battery charges below +35 °C -10 °C to

+60 °C (storage)

If battery operation is in use above the maximum specified operating
temperature, the battery will shut down the instrument to preserve its use. AC
power must be applied to recover from a shut down caused by this condition.

For a complete list of battery and all 53220A/53230A product specifications,
refer to the data sheet included on the 53210A/53220A/53230A Product
Reference CD (p/n 53220-13601), or on the Web at:

www.keysight.com/find/53220A
www.keysight.com/find/53230A
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Battery care

When the battery is enabled and the instrument is not connected to AC power,
the battery discharges at 30% of full capacity per day. When the battery is
disabled and AC power is not connected, the battery discharges at 10% of full
capacity per month.

When storing the instrument without AC power applied, do not allow the battery
to discharge below 10%. The following equation can be used to determine
instrument storage time without AC power - and still enable the instrument to be
fully recharged:

months battery disabled * 10% + days battery enabled * 30% = 90%

Afully discharged battery may need to be replaced if it has not been recharged for
six to 18 months.

Using built-in help

Highlight the desired topic and press SELECT. Systemn
1 View the last message displayed.

2 View remote command error queue.
3 Get HELP on any key.
4 Softkey Conventions and Tips

5 Screen Captures

6 Multiple Frequency Measurements

7 Single-Channel Time Interval Measurement
8 Gated Totalizing

9 Enabling Math Functions

10 Where To Find It

11 Contact Keysight Technical Support.

Instrument help is available by pressing and holding any front panel key or
softkey. Pressing the Help key enables you to select additional help topics
including front panel measurement examples.

w

@

Ul

=]
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Utility Functions

Utility functions enable you to configure features of the instrument indirectly
related to measurement selection and configuration. These functions include:

- display configuration - display control and numeric data formatting
- user interaction - localized language selection, audible indicators

- reference settings - time/date, measurement time out, time base,
auto-leveling, 53100 series emulation, NISPOM security

Display configuration

Measurements can be displayed in numerical or graphical form using the
following keys.

owarey @
LULLRIETIEY # Dizplay “—— | Digits
[off On Digits 2
| Graph
5
Trend |Histogram
1 Chart 1

With AuteDigits On, the number of digits displayed is automatically set based on
gate time, measurement mode (AUTO, CONTinuous, RECiprocal - Chapter 3),
and resolution enhancement. When Off, the number of digits is set with the rotary
knob or [Shiftled numeric keys. See Chapter 5, "Resolution and gate time" for
more information when AutoDigits On is set.

When Graph is selected, the data is displayed in a trend chart or histogram. Trend
charts and histograms are covered in Chapter 6.
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Numeric Format

The format (radix, decimal group separator) of numeric data that appears in the
main measurement display (Figure 1-2) is set using the following keys.

Systemn

B

] |

tore / 1/0 Cal / Instr System | Battery | +——

Utility
1 Recall LCnnfig LAutnCaI 1 Setup Ii Setup iOptinn 6

4

o Help

I
User Date / Manage NISFOM

:LSettings l Time 1 Files

0

Help Lang; Number l Beeper Display SCPI Lang
| English || Format !Off [On || Options | 532304
I
Decimal Pq| Separator i
. . |4 [Epace | l
MNone Space [on

The format also applies to numeric readings within trend charts, histograms, limit
testing, etc.

Radix The decimal separator (radix point) between the integer and fractional
parts of the reading can be a decimal point (.) or comma (,).
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Digit group separator A digit group separator between every three digits on
either side of the decimal separator (radix) allows easier viewing of the displayed
reading. The separator can be one of the following:

None - there is no space between digits (e.g. 10.967342515 MHz)

Space - a space is inserted between every three digits
(e.g. 10.967 342 515 MHz)

On - a comma (,) or decimal point (.) is inserted between every three digits
depending on the decimal separator (radix) selected:

decimal point radix: 10.967,342,515 MHz
comma radix: 10,967.342.515 MHz

Screen control
Screen control is available through the keys shown below

The display screen can be turned off to increase reading throughput and its screen
saver mode can be used to conserve power. Screen brightness can be adjusted
for optimal viewing in different environments.

Systemn

Preset

_4_

gl

Store / 170 cal / Instr System | Battery B Ut"'t"
1 Recall LCnnflg LAutnCaI 1 Setup |L Setup i Option
——=-=7 b Help
g
I User Date / Mana
ge
| LSettings l Time 1 Files NISPOM ‘

_____ | rl____

|
Help Lang | Number Beeper | Dizplay §CPI Lang
| Engiish || Fermat | off [On ||| Options |} (532304

[
g ———— |

Display |SdLiFE] Scrn Swur
0ff [On 0ff [On

Note that pressing any key with the display turned off, turns the display back on.
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Screen capture

For documentation of product testing or as a convenience in gathering data, the
contents of the counter display can be captured and saved.

The keys related to this feature are shown below.

Systemn

Store / 150 Cal / Instr System | Battery — vy

LRecaII LCnnfig LAutnCaI LSetup LSetup iOptinn )

Ul

NISPOM

Help

0

C——=
User Date / Manage
LSettings 1 Time Ii Files

r

| Action: | Browse Pa!‘.h\ | Format Save |
I*Capture | File |:bmp [png | Screen || |
|

The content captured is the display state at the time the [Utility] key is pressed.
The file format is selectable as either bmp ( bitmap file format) or png (portable
network graphics (bitmap) format). Files may be store in internal flash memory or
to an external USB device.

See Chapter 7 for information on selecting paths and creating file names.
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The features described in this section are related to the user’s physical interaction
with the instrument.

Selecting the instrument ‘Help’ language

Store / 170 |

Systemn

B

) cal / Instr || System | Battery —— | utiity ’
1 Recall *Cnnflg *AutnCaI 1 Setup !¢ Setup |¢0pt|nn 6 i
Y A | Help '
I g
User Date / Manage
:LSettings i Time 1 Files NISPOM ‘
Help Lang l Number Beeper Display SCPI Lang
| 4 [English iFnrmat 0ff [On |] Options | (532304
I
}
English French German | Japanese | Korean Chinese

Programming messages, context-sensitive help, and other help topics are

viewable in six languages. The selected language remains “active” until changed
using the key sequence shown.

Note that menu soft key labels appear only in English.

Keysight 53220A/53230A User’s Guide
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Beeper Setting

Systemn

B

] |

tore / 1/0 Cal / Instr System | Battery — | Utlity |
1 Recall lCnnflg lAutnCaI 1 Setup Il Setup Ih'Optmn 6 -
_____ I |
I hd g fielp
User | Date / Manage
:lSettings l Time || Files NISFOM
———
Help Lang | Number | Beeper Display SCPI Lang
J English || Format | 0if [on joptions 1532304
I

_—— — —

The counter’s Beeper is an indication of a programming error generated from the
front panel or over the remote interface. Turning off the beeper disables the audio
indication.

Note that the beeper setting does not apply to the tone heard when front panel
keys are pressed.

Reference settings

Reference settings are counter settings that apply to all counter measurements.

Date and time

System

B

Store / |

170 Cal / Instr | System | Battery *— | Uity
1 Recall lCnnfig lAutnCaI 1 Setup Il Setup iOptinn

r———- l _____ § Help.

|
User Date / Manage
J,Settings:l Time i Files NISPOM

Month Day Hour Minute
(A (A (A (A

®

i

=1
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The date and time settings for the counter’s real-time clock are set using the
commands:

SYSTem:DATE <year>,<month>,<day>
SYSTem:DATE? (query form)

SYSTem:TIME <hour>,<minute>,<second>
SYSTem:TIME? (query form)

The date and time range values are:

year: 2000-2099 hour: ©-23
month: 1-12 minute: ©-59
day: 1-31 second: ©-59.999

The real-time clock is battery-backed and retains the date and time when power
is off. There is no automatic setting of, or automatic return to the current date and
time.

Measurement time out

The measurement time-out is the time allowed for each measurement to
complete. If a measurement does not complete before the time out expires,
9.91E37 (not a number) is returned and the display indicationis: - - - - - - - . The
sequence continues with the next reading in the sample count.

Specifying a time out prevents the instrument from pausing indefinitely if for some
reason a measurement is unable to complete.

The default and factory-set time out is 1 second. Refer to Setting the
Measurement Time Out in Chapter 3 for more information.

Time base

53220A and 53230A measurements are based on a reference oscillator - also
referred to as an internal/external clock or time base. A valid reference oscillator
signal must be present for measurements to occur.

Refer to Reference Oscillator Configuration in Chapter 3 for detailed information
on selecting and configuring the reference oscillator source.
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Auto level

The threshold level is the trigger (input) level at which the counter begins the
measurement. Auto-level is the automatic setting of this threshold based on the
positive and negative peaks of the input signal.

The minimum frequency at which auto-leveling can occur is set as shown.

Systemn

Store / 1/0 Cal / Inztr | System Battery | < —
1 Recall lCnnflg lAutnCaI 1 Setup i Setup lOptlnn

urilicy

ol

Help

=1

elf TimeBase \PhaseMeas| Time Out ||Auto Level

Test J,Settlngs l [Auto J,Settlngs l [Slows

Slow sets the minimum frequency for auto-leveling at 50 Hz.
Fast sets the minimum frequency for auto-leveling at 10 kHz.

Refer to Threshold level and sensitivity in Chapter 4 for additional information on
using auto-level.
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Keysight 53100 series counter emulation mode

Systemn

B

S 170 Cal / | R —

tore / Instr System | Battery

| Ukility
1 Recall lCnnfig lAutnCaI 1 Setup Il Setup !LOptinn 6

4

Help

0

\d §

Lzer Date / Manage
:lSettings l Time 1 Files NISPOM
—

Help Lang | Number Beeper Display | SCPIlLang l
L [English || Format | o¢f [on || Options | | 532304 !
I

_—— — —

531324 ‘ 53230A ‘ ‘

The 53220A/53230A’s emulation mode enables the Keysight 53132A SCPI
command set to be used with the counter.

The emulation mode can also be enabled using the command:
SYSTem:LANGuage "<language>"
SYSTem:LANGuage? (query form)

- language selects the SCPI command set used. Specifying 53132A enables the
emulation mode. Specifying either 53220A or 53230A disables the mode.

With 53100-series compatibility mode selected, all programming is through the
counter's remote interface (LAN, USB, GPIB). The counter display responds
according to the remote commands received.

Pressing any front panel key while in 53100 compatibility mode returns the
counter to 53200 series mode as prompted. Setting or changing to either mode
requires the instrument to be restarted. When updating the instrument firmware
“53220A or 53230A mode” must be set.

Documentation of the 53132A command set is not provided with the (53220A/
53230A) instrument. Use of the older SCPI command set is discouraged for new
use, but is available for customers who require it.
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Securing the instrument

The 53220A/53230A counter can be secured to the National Industrial Security
Program Operating Manual (NISPOM) standard as shown below.

Store /
1 Recall

170

Cal / Instr

lCnnfig lAutnCaI 1 Setup

System

B

User
J,Settings

1 Time

Date / Manage

1 Files

I System Battery —— | utility '
|| Setup lOptlnn B -
_____ | Help

=1
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How the User’s Guide is Organized

This user’s guide is written for the operator using the instrument from the front
panel, and for the programmer controlling the counter from a remote (LAN, USB,
GPIB) interface. As such, most topics include a front panel key sequence followed
by the corresponding SCPI commands. For example:

Chan 1 Setyl

Cuuplingllmpedance : Range Level BW Limit Probe -+ 3 J 2 ] 3 ]
[ac De (| [1MQ 500 | BV 5DV Setup | Off 100k [None 10:1

Channell Setup

The input impedance of the 53220A/53230A counter can be set to either 50 Q or
1 MQ using the command:

INPut[{1]|2}]:IMPedance {<impedance>|MINimum|MAXimum| DEFault}

INPut[{1]|2}]:IMPedance? [{MINimum|MAXimum|DEFault}]
(query form)

The description of operation which follows typically applies to both front panel
and remote usage.
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For general reference, the information in this manual is organized as shown in
Figure 1-3.

-

-

~

I B

-

/

Figure 1-3 53220A/53230A user’s guide organization.
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This chapter contains information on 10 libraries, drivers, and interfaces used to
program the 53220A/53230A from selected development environments. The
chapter includes an introduction to using the counter’s web-enabled interface
and provides information on updating the instrument firmware.
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53220A/53230A Software Installation and Interface Configuration

Software Requirements

The environments available to program the 53220A/53230A are dependent upon
the 10 libraries and drivers installed. The 10 software included with the 53220A/

53230A is contained on the following CD:
- Keysight Automation-Ready CD: Keysight 10 Libraries Suite

The IVI-C and IVI-COM drivers for the instrument can be found on the web at:
www.keysight.com/find/53220A or www.keysight.com/find/53230A

Table 2-1 summarizes the environments, |0 driver recommendations, and the
location (media) where specific drivers and libraries can be found.

Table 2-1

Interface

LAN

LAN, GPIB, USB

LAN, GPIB, USB

LAN, GPIB, USB

LAN, GPIB, USB
LAN, GPIB, USB
LAN, GPIB, USB

LAN, GPIB, USB

53220A/53230A development environments and drivers

Development Environment

Web-enabled instrument interface

> SCPI Command Interface window

Keysight Connection Expert
> Interactive 10 window

Microsoft® Visual Studio®
> Visual C++

Microsoft® Visual Studio®
> Visual Basic

Microsoft® Visual Studio® .NET
> C#, C++, Visual Basic

Keysight VEE

National Instruments LabVIEW™

National Instruments LabWindows/CVI

10 Driver Recommendations
Java™ -enabled Web browser
(available from www.java.com)
Keysight 10 Libraries CD*

VISA - Keysight 10 Libraries CD*
IVI-C - Web

VISA-COM - Keysight 10 Libraries*
VI-COM  -Web

IVI-COM - Web

IVI-COM -Web

53220A/53230A native mode driver
IVI-C - Web

IVI-C - Web

*Visit www.keysight.com for the latest version of the Keysight 10 Libraries Suite.
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Using the Counter Web-Enabled Interface

Operating the 53220A/53230A counter from its Web interface requires a
Java™-enabled Web browser but no additional (i.e. user-installed) libraries or
drivers. The Web interface provides access to the counter’'s SCPI command set.

This section describes the Web pages and windows primarily used to program
the 53220A/53230A. Refer to “Help with this Page” associated with each Web

page for additional information on functions or pages not covered in this
manual.

Connecting the counter and viewing its home page

Connect the counter directly to the PC or to the PC through a network switch
using a standard LAN cable.

Obtaining the IP address

Turn on the counter and open the Web browser. Allow a few moments for the
counter’s IP address to be assigned (either through DHCP or AUTO IP). The IP
address can be read from the counter front panel as shown.
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|t |

Installed Options:
010 - Ultra-high-stabhility OCX0 Timebhase

150 - Pulse Microwave Measurements
400 - GPIB Interface

ﬁb}sight 53230A IP Address: | 10.116.11.181

 Serial Number: MY50001355 GPIB Addressi3
| Firmware: 02.07-1626.4446-1.19-4.15-127-155-35

115 - 16GHz Microwave Input. FW Rev: (89.0) CPLD Rev: (6.0)

| |

Enter the IP address in the browser’s address window. With “Advanced
information...” selected, the counter's Web home page should appear as shown in

Figure 2-1.

Browser configuration

In some network configurations a proxy server may prevent access to the
instrument (i.e. “page cannot be displayed”) after the IP address is entered. In this
situation, the proxy must be configured from the browser such that the proxy is
not used for (IP) addresses within the range of those that can be assigned to the

53220A/53230A.
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KEYSIGHT 53230A

Home

Control Instrument

[ Enable front pane! identification indicator

Description
Model number
Serial number
Firmware revision

Description

VISA instrument addresses
VXI-11 LAN protocol

GPIB over LAN protocol

TCP/IP SOCKET protocol

USB (USBTMC/488)

GPIB

+ More Information

Configure LAN

TECHNOLOGIES  Serial number: MY50001355

2]

Connected to 53230A
at IP address 10.116.11.181

53230A
MY50001355
02.07-1626 4446-1.19-4 15-127-155-35

Keysight 53230A Universal Frequency Counter - MY50001355

TCPIP::K-53230A-01355::inst0:INSTR

TCPIP::K-53230A-01355:gpib0,3:INSTR
TCPIP:K-53230A-01355::5025. SOCKET
USB::2391::6407::MY50001355::0:INSTR

GPIB37INSTR

Support Products

Keysight

/

Figure 2-1

The 53230A web-enabled interface ‘Welcome Page’.

For ease in (Internet) browser navigation when controlling multiple instruments,
open a separate browser session for each Web-enabled instrument.

2

\
Sore

NOTE

“Opening the Web interface from Keysight Connection Expert” for more
information.

Although no additional libraries or drivers are required to use the Web interface,
the interface is also accessible from Keysight Connection Expert (KCE). See
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Web interface overview

The following information is an introduction to the counter’s Web interface.

The counter welcome page (Figure 2-1) displays 10 information, can be used to
identify a connected instrument, and contains menu tabs for accessing additional
counter functionality.

To easily identify the counter among other instruments using its Web interface
home page, clicking on:

Turn On Front Panel Identification Indicator

changes the counter display to “LXI Web Identify” until the indicator is turned off
by clicking on:

Turn Off Front Panel Identification Indicator

Programming the counter

Selecting the ‘Remote Control’ icon (second from top) on the welcome page opens
the Interactive 10 window shown in Figure 2-2. From this window, SCPI
commands can be sent to the instrument.

Web interface pages other than the ‘Welcome Page’ may be password
protected. When shipped from the factory no password is set; however, an ‘Enter
Password’ dialog box may appear. Click on the dialog box to continue.

If the page is password protected and the password is unknown, pressing
[Utility], (1/0 Config), (LAN Reset) on the front panel clears the password.
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4 )
o

Connect Interact Help Keysight Interactive I0 . [ X
I ] = x|
Stop Device Clear | Read STB  SYST:ERR? Clear History  Options
Command | MEAS:FREQ? (@1) ~| Commands b

Send Command Read Response Send & Read

Instrument Session History

-» MEAS:FREQ? (@1)
<- +1.00001152503079E+007

CONMNECTED TO TCPIPD::10.116.11.181::inst0: :INSTR

- /

Figure 2-2 The Web Ul SCPI command interface.

Any command in the counter’s SCPI command set can be sent to the instrument.
Query commands which include 7’ in the syntax return data and can be sent by
selecting Send & Read after the command is entered. Commands which do not
return data are sent using Send Command.

Changing LAN settings and using password protection

The Network Configuration Page icon provides access to the counter’'s LAN
settings, and enables you to set a password to prevent unauthorized access to the
Web instrument interface. Select Modify Configuration to change and save settings.
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Installing the Keysight |0 Libraries

The Keysight 10 Libraries include the VISA and VISA-COM libraries used for
programming the 53220A/53230A in Microsoft® development environments
(Table 2-1). The VISA and VISA-COM libraries allow you to send commands from
the 53220A/53230A SCPI command set to the instrument. The 10 libraries also
include Keysight Connection Expert described and used later in this chapter.

The Keysight 10 Libraries (VISA and VISA-COM) must be installed prior to
installing any other 1/0 drivers (e.g. IVI-C, IVI-COM).

The Keysight 10 Libraries and utilities are often updated to include additional
features and improve usability. The figures used in this chapter represent the
latest version of the 10 Libraries available at the time of printing. While you may
have a different version, the process of configuring and adding instruments to an
interface remains basically the same.

The 10 Libraries are contained on the Keysight Automation-Ready CD or may be
downloaded from the Electronic Test & Measurement Software page at:

http://www.keysight.com

Before installing the 10 libraries, review Table 2-2 to verify that your computer
meets the specifications required for the latest version of the software.
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Table 2-2 Keysight 10 Libraries Suite system requirements.
Operatina svstem Windows XP (SP 3 or later) Windows Vista /Windows 7
perating sy 32/64-bit editions
Processor 600 MHz or higher required 1 GHz 32-bit (x86)
800 MHz recommended 1 GHz 64-bit (x64)

Available memory

Available disk space

Video

Web browser

256 MB minimum

1 GB or greater recommended 1.GB minimum

15GB 15GB

- 1 GB recommended for Microsoft .NET - 1 GB recommended for Microsoft .NET
Framework 2.0 SP2 Framework 2.0 SP1

- 65 MB for Keysight 10 Libraries Suite - 65 MB for Keysight |0 Libraries Suite

Support for DirectX 9 graphics w/128 MB graphics
Super VGA (800x600) w/ 256 colors or more memory recommended
(Super VGA graphics is supported.)

Microsoft Internet Explorer 6.0 or greater Microsoft Internet Explorer 7 or greater

Note: because of the installation procedure, less memory may be required for operation than for installation.

Loading the software

Close all applications on your computer. Insert the Keysight Automation-Ready
CD into the CD drive. Follow the instructions as prompted for a typical
installation. Accept all default directories specified if prompted.

If the 10 libraries installation does not start automatically, select Start > Run from
the Windows start menu and type <drive>:\autorun\auto.exe where
<drive> is the designator of the CD drive.

If another vendor’s implementation of VISA (Virtual Instrument Software
Architecture) is currently installed on your computer, continue installation of the
Keysight 10 Libraries by installing Keysight VISA in side-by-side mode. More
information on side-by-side operation can be found in IO Libraries Suite Help
(available after installation is complete) under “Using Keysight’s and Other
Vendors’ Products Together.”
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After the 10 libraries have been installed, close the installation wizard. If
applicable, continue with instrument driver installation as described below.
Otherwise, continue with the "Adding Instruments to the PC Interface” section of
this chapter.

Installing instrument drivers

Interchangeable Virtual Instrument (IVI) drivers (when available) are used for
programming the 53220A/53230A with Keysight VEE, with National Instruments®
LabVIEW™, or in Microsoft® development environments.

Install the appropriate driver based on the development environment you are
using (Table 2-1). Accept all default directories specified during installation if
prompted. Setup type “Typical” is applicable for most users.

Installing the Keysight IO Libraries installs the Interchangeable Virtual
Instrument (IVI) Shared Components. The IVl Shared Components are required
before the IVI drivers (e.g. IVI-COM, IVI-C)can be installed.

Adding instruments to the PC interface

During installation of the Keysight 10 Libraries, the 10 interfaces (LAN, USB, GPIB)
detected on the PC are configured. This section contains information for
programmatically adding the 53220A/53230A to those interfaces using the
Keysight 10 Libraries ‘Connection Expert’ utility.

Simultaneous LAN/USB/GPIB connections to the instrument are allowed.

The figures used in this chapter represent the latest version of the 10 Libraries
available at the time of printing. While you may have a different version, the
process of configuring and adding instruments remains basically the same.
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Remote interface configuration

The following sections cover front panel configuration of the LAN, USB, and GPIB
interfaces. The interfaces can also be configured programmatically using the
‘Remote Interface Configuration’ commands in the SCPI SYSTem subsystem. This
subsystem, plus descriptions of all SCPI commands, is located in the
‘Programming Reference’ section of the 53210A/53220A/53230A Product
Reference CD.

Configuring the LAN interface

With the counter connected to the LAN interface, the IP address can be read from
the front panel as follows.

System

w
/ B

3

|
|
|
|
=

w

.1a

_____ Shift

eysight 53230A IP Address: '10.115.11.181 '
Keysig

Serial Number: MY50001355 GPIB Addressp3_ _ _ _!
| ' Firmware: 02.07-1626.4446-1.19-4.15-127-155-35
Installed Options:
010 - Ultra-high-stability OCX0 Timebase
115 - 15GHz Microvsave Input. FW Rev: (89.0) CPLD Rev: (6.0)
150 - Pulse Microwave Measurements [
400 - GPIB Interface J

Once the IP address is known, start the Connection Expert utility by clicking the
‘Keysight |0 Control’ icon and selecting “Keysight Connection Expert” from the
pop up menu as shown in Figure 2-3.
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-

L . Utilt >

Clicking the icon opens e

the pop-up menu VISA Options >
Documentation ¥

~ {10 Ym T i ENG \

Connection Expert

Exit Keysight 10 Control

About Keysight [0 Libraries Suite j

Figure 2-3 Starting Keysight Connection Expert.

Locating the instruments

Keysight Connection Expert opens with a welcome screen and window similar to
that shown in Figure 2-4. The computer interfaces configured during installation
are displayed in the left column (Explorer pane), the properties of the configured
interface are displayed in the right column (Properties pane).

To search the network for the counter, click ¥294 and select LAN Instrument
located on the Connection Expert tool bar. After selecting LAN Instrument,
Connection Expert performs an automatic find (Auto Find) of all instruments on
the same subnet as the computer.

Select the counter from the list and then click ‘OK’. Communication paths to the
instruments are verified and the instruments are added to the configured
interface. Instruments added to the LAN in this manner are subsequently
programmed using VXI-11 protocol.
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2

s

Firmware Version:

Web Information: Product Page

Connection Strings

Keysight Connection Expert 2017 & ? _ MO x
Instruments PXI/AXIe Chassis
My Instruments +Add & 2 Y Details for Keysight 53230A
LAN instrument — P =
2 e : @ @
Serial instrument on ASRL3 u x — —
532304, Keysi LAN interface =dit Remove Inte;éﬁtlve 10 Monitor CﬂEr:'TearEd BenchVue Web UI E-:g::l;:int
10.116.11.181 Remote serial instrument
Remote GPIB interface er: Keysight
Remote USB interface ’
~ USB (USBO
4 ) mouer; 53230A
Vo Instruments Found serial Number: MY50001355

02.07-1626.4446-1.19-4.15-127-155-35

VISA Address Aliases SICL Address
}Ql TCPIPU::10.116.11.181::inst0::INSTRI |1|| lan[10.116.11.181]:inst0
Installed Drivers &% Update
nstalled ers
Remote 10 Server Off

32-Bit Keysight VISA is Primary  Version: 18.0.22209.2

J

Figure 2-4

Using the sockets protocol

Keysight Connection Expert interface window.

For higher performance, instruments added to the

LAN configuration can also use the Sockets protocol. To use this connection,

select LAN instrument from the FAdd (Figure 2-4). Next, select Enter Address. In
this window, enter the instrument’s host name or IP address and under Set
Protocol, select Socket (Figure 2-5). Note that an instrument can have both
VXI-11 and Sockets connections in the configuration.
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Add a LAN device x

Select from List Enter Address

Set LAN Address:

Hostname or IP Address: K-53230A-01355

TCPIP Interface ID: TCPIPO hd

Set Protocol:

Instrument (VXI-11) Remote Name: insto
HiSlip Remote Name: hislipo
® Socket Port Number: 5025

Verify Connection:

+'| Allow “IDN Query

Test This VISA Address

View Web Page:

Instrument Web Interface...

OK Cancel /

Figure 2-5 Adding a sockets connection.

About IP addresses and host names

Dynamic Host Configuration Protocol (DHCP) and Automatic IP are enabled on
the 53220A/53230A when shipped from Keysight. This allows the instrument to
automatically obtain an address on the network. If there is a DHCP server on the
network, the server will assign the address to the instrument.
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If there is not a DHCP server on the network, the 53220A/53230A will
automatically determine the address to use. The address will be in the range
169.254.1.1 to 169.254.255.255.

Host names
System
=
Store / 170 | cal/ Instr System | Battery (. E
1 Recall :‘l Config JlAutnCal ll Setup ‘l Setup ‘l Option K Ukility |
F————

Help

LAN i LAN LAN UsSB GPIB
0ff [On IlSettings Reszet lSettings lSettings

————— Shift

_——— .

: Modify || LAN Set to ‘ ‘ ‘
| lSettlnus [LSer\nces Defaults l
Manual Host Service
DHCP [ERLEILE G‘mDNS

The 53220A/53230A has a default host name. The format of the host name is:

A-53220A-nnnnn (Keysight 53220A)
A-53230A-nnnnn (Keysight 53230A)

oc

where ‘nnnnn’ are the last five digits of the instrument’s serial number.

The instrument host name is reported by Connection Expert for network servers
that support Dynamic Domain Name Service (DNS). For network servers that do
not support Dynamic DNS, only the IP address is reported.

Instrument addressing During programming, the 53220A/53230A is accessed
through its address string which consists of an IP address:

TCPIPO::169.254.2.30::inst0::INSTR (VXI-11)
TCPIPO::169.254.2.30::5025: :SOCKET (Sockets)
or host name:
TCPIPO::A-53230A-00050.keysight.com::inst@::INSTR
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Disabling the LAN interface

The LAN interface can be disabled from the front panel by selecting 1/0 Config
followed by LAN Off and cycling power on the instrument. When disabled, the
interface cannot be configured by the Connection Expert utility.

Opening the Web interface from Keysight Connection Expert

The LAN interface is the only 10 interface from which the counter’s Web-enabled

user interface can be accessed. To open the Web Ul, click @ in the icon group at
the top of the screen. The web page opens in a browser.

Configuring the USB interface

The 53220A/53230A is a high-speed USB 2.0 device. Connection to the
instrument is through the Type B USB connector located on the instrument rear
panel.

The first time the 53220A/53230A is connected to the PC via the USB cable, a
“hardware wizard” utility within the PC may start and prompt you for installation
software for the product. There is no installation software for the USB interface
other than the libraries on the Keysight Automation-Ready CD that ships with
the 53220A/53230A. Continue through the “wizard” application without
searching for software and using the default selections.

62

Adding instruments to the USB configuration

With the 53220A/53230A and PC connected through the USB cable, start
Keysight Connection Expert (Figure 2-4) if it is not already open. The PC should
detect the presence of the USB device. If necessary, right-click the USB interface
(USBO0) and then select Rescan this Interface.

Connection Expert will attempt to establish a communication path to the
instrument. If successful, the instrument will be added to the list of USB
configured instruments (Figure 2-4). The USB address can be read from the front
panel as follows.
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System

B

Store / 170 Cal / Instr System Battery | +——0 ( Utility
1 Recall | *Config |¢AutoCaI I Setup I Setup I Option ¥

O

—_—

| usB | show ||,
Off m U3E Id |

| Help '
F——=——1 i
LAN LAN LAN USB GPIB
0ff [On LSettings Reszet LSettings Settings
-

The USB address string

When programming the 53220A/53230A over USB, the instrument’s USB address
is included in the address string as follows:

USBO::2391::1287::0123456789::0: : INSTR

To simplify addressing during programming, a VISA alias can be assigned and
used in place of the complete address. To assign an alias from Connection Expert,

click the ellipses [=] button. This opens the Edit Alias dialog box. Click FAdd
Enter the alias and then select OK (Figure 2-6).
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(- B

Edit Alias o
-+ Add
|53230A_C0unter b 4 | Edit existing VISA Alias
Alias Name:

532304A_Counter

VISA Address:

USBO0::0x0957::0x1907::MY57310145::0::.INSTR

| 0K | Cancel

= _/

Figure 2-6 Setting a VISA alias for the USB address string.

Disabling the USB interface

The USB interface can be disabled from the front panel by selecting 1/0 Config,
followed by USB Settings, and then USB Off. When disabling or enabling the USB
interface, you must cycle power for the change to take affect. When disabled, the
interface cannot be configured by the Connection Expert utility.

Using the USB interface with interactive |10
The Web-enabled instrument interface is not available from the USB interface.

An alternate programming method is to use the Connection Expert ‘Interactive |0’
utility (see “Using Interactive 10”).
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Configuring the GPIB interface

The following information assumes a GPIB card or USB/GPIB interface is present
on your computer.

Programming access to the 53220A/53230A is also available through the GPIB
interface. GPIB cables can be connected to the PC in a “star” (all cables
connect directly to the computer) or “linear” (instrument to instrument)
configuration.

Adding instruments to the GPIB configuration

To add instruments to the GPIB interface, click #A4d 3nd select GPIB Instrument
on the Connection Expert tool bar (Figure 2-4). In the Add a GPIB Instrument
window that appears (Figure 2-7), select the counter’s GPIB address (note:
factory-set address = 3) and select OK.

Connection Expert will attempt to establish a communication path to the
instrument. If the counter is at the address specified, the instrument will be added
to the list of GPIB-configured instruments.

Keysight 53220A/53230A User’s Guide 65



2

66

53220A/53230A Software Installation and Interface Configuration

o

/ Add a GPIB instrument *® \

Specify Connection Addresses:

GPIB Interface ID: GPIBO =
Primary Address: 3 -
Secondary Address: (None) -

Configure GPIB Properties:

+ | Auto-Identify This Instrument

Verify Connection:

Test Connection

0K Cancel

-

Figure 2-7

The counte

Selecting the GPIB address.

r's GPIB address can be read from the front panel as shown below.

Systemn

B

Store / | 170 Cal / Instr System | Battery
1 Recall ‘J,Config AutoCal Setup 1 Setup JOption

= -
l | Help

«—— | utiity

(®

[0

LAN LAN LAN UsB GPIB i
0ft [On J'Settings Reset JSettings uSettings | Shift
T

l —_— i

GFIB arie ‘
LT ~Address |
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The GPIB address string

When programming the counter over GPIB, the instrument’s GPIB address is
included in the address string as shown below:

GPIBO::3::INSTR

Changing the GPIB address

To change the GPIB address, select GPIB Address and using the rotary knob or
Shifted numeric keys, set the desired address. Once the address is changed, you
must cycle power for the change to take affect.

If the GPIB address is changed, the new address IS NOT updated in Connection
Expert interface window (Figure 2-4).

From the (Connection Expert) window, select the GPIB instrument and then click

the A= button. Within the configurable properties window (Figure 2-7),
change the address to the new address setting and select OK.

Disabling the GPIB interface

The GPIB interface can be disabled from the front panel by selecting 1/0 Config,
followed by GPIB Settings, and then GPIB Off. When disabling or enabling the
interface you must cycle power for the change to take affect. When disabled, the
interface cannot be configured by the Connection Expert utility.

Using the GPIB interface with interactive 10

The Web-enabled instrument interface is not available from the GPIB interface.
An alternate programming method is to use the Connection Expert Interactive 10
utility (see “Using Interactive 10”).

Using Interactive 10

The Connection Expert ‘Interactive 10’ utility provides another method (Table 2-1)
of sending commands to the 53220A/53230A. Interactive 10 is accessible from
any of the PC’s 10 interfaces, and allows you to send any command in the
53220A/53230A SCPI command set to the instrument. You can also choose from
a menu of IEEE-488 Common commands (e.g. *IDN?, *RST, *TST?).
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Interactive 10 can be used to:

- troubleshoot communication problems
- issue a “device clear”

- learn the instrument's command set

Figure 2-8 shows how Interactive 10 is started for a selected interface.

/ Keysight Connection Expert 2017 A3 D I o o \

Instruments = PXI/AXIe Chassis

My Instruments +Add £ 2 Y Details for Agilent Technologies 53230A
“ LAN (TCPIPO) o = x Edl? &
Check  Edit  Remove Interactive IO Monitor Command Benchvue Wb Ul  Soft Front
53230, Keysight Status o Expert
Manufacturer: Agilent Technologies
v UsB (UsB0) )
Model 53230A
53230A, Agilent Technologies Serial Number: MY57310145
USB0::0x0957::0x1907::MY57310145:: :
e e Firmware Version:  02.07-1626.4446-1.19-4.15-127-155-35

Web Information:  Product Page

Connection Strings

VISA Address Aliases SICL Address

}Q[ USB0::0x0957::0x1807::MY57310145 :o:vmsrﬁ[ USBInstrument1 !_Jl usb0[2391::6407::MY57310145::0)

1
E® cConnect Interact Help Keysight Interactive 10 w [ X |
|

o 2] ¥ ]
Installed Drivers | @8 Update Stop  DeviceClear Read STB SYST:ERR?  Clear History  Options

Command | =Ion? ~ | Commandsp

Send Command | Read Response Send & Read

Instrument Session History

= Connected to: USBO: :0X0957: :0x1907::MYS57310145::0::INSTR

)
K CONNECTED To US80: 030957: 051907: Y37310145::0+NSTR /

Figure 2-8 Starting Interactive 10 for a selected interface.

If the Interactive |0 window is used to send the self-test (*TST?) command to
the 53220A/53230A, the “timeout” period may have to be increased to allow the
results to be returned. This is done using the ‘Options’ tab on the Interactive 10

window. The 53220A/53230A self-test takes approximately seven seconds to
complete.
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Firmware and Driver Updates

Firmware and driver updates (when available) for the 53220A/53230A are
available via the Web. This section contains information for locating and
downloading the updates to your computer, and then installing the updates in the
instrument.

Disabling calibration security

Before firmware updates can be installed, the counter’s calibration security
feature must be disabled. This done using the command:

CALibration:SECurity:STATe {OFF|ON}, <code>
CALibration:SECurity:STATe? (query form)

To unsecure the instrument, you must provide the security code in addition to
setting the state to OFF. The security code is set to KT53220A (Keysight 53220A)
or KT53230A (Keysight 53230A) when the instrument is shipped from the factory.
Note, however, the security code may have been changed once the counter has
been in use.

After the firmware update is complete, the counter can be re-secured by setting
the state to ON and providing the security code. The calibration count is
unaffected when changing the security state or by a firmware update.

The calibration count can be read with the command:
CALibration:COUNt?
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SCPI'language emulation mode

Systemn
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:LSettings l Time 1 Files NISPOM
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Help Lang | Number Beeper Display | SCPIlLang l
L [English || Format | o¢f [on || Options | | 532304 !
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_—— — —

531324 ‘ 53230A ‘ ‘

If the 53220A/53230A is sometimes used in 53132A SCPI language (emulation)
mode, the instrument must be returned to its original (53220A/53230A) mode
before the firmware can be updated.

Downloading and installing the update utility

53220A/53230A firmware updates are installed in the instrument using the
Keysight update utility. The utility and firmware update can be found at:

www.keysight.com/find/53220A
www.keysight.com/find/53230A

Once this page is displayed, select the ‘Technical Support’ tab and then select
‘Drivers and Software’. Click on ‘5632x0A Firmware Update’ and under ‘Documents
& Downloads’ select the utility:

53210A/53220A/53230A Firmware Update Utility

When prompted, select ‘Run’ to install the utility. The default installation directory
is C:\Program Files\Keysight\Firmware Update Utility Type 2. The utility will also
be added to the ‘start’ menu under “Keysight”.
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Downloading the firmware update

Return to the Web page and under ‘Documents & Downloads’ select:
532x0A Firmware Update Revision <revision number>

When prompted, select ‘Run’ to download (save) the file to your PC. Note the
directory location as you will need to specify the path to the firmware file when
you run the update utility.

Firmware updates are available from the LAN interface only. Note the IP address
before starting the utility.

Installing the firmware update

After the update file is downloaded from the web site it can be installed.
1 From the installation directory or ‘start’ menu, start the utility.

2 Press Next and using the Browse button, specify the path to the firmware file
(Figure 2-9). Once specified, the instrument model number will appear in the
‘Applicable Models’ window along with the revision and instrument
description. Select Next.
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4 )

 Firmware Update Utility [=]

Keysight Firmware Update URility
Version 1.2 5590
Copyright Keysight Technologies. Inc. 2014

Firmware File

Browse

Version Description:

File may take several seconds to load after clicking "Browse"
Calibration will not be affected by updating Fimware.

Instrument models

Nexd > Help

o J

Figure 2-9 Selecting the update file path.

3 Enter the counter’s IP address or host name (Figure 2-10). Select ‘Update’ to
start the update process.
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Figure 2-10 Specifying the address or host name.

2

The firmware update takes a few moments to complete. The 53220A/53230A will

reboot once the update is complete.

Following a firmware update, Keysight Connection Expert (if running) may report

that the 53220A/53230A configuration has changed. This is represented by a

yellow triangle and an exclamation point (!) next to the updated instrument.
Select the instrument name, select ‘Change Properties’, and then select either ‘Test
Connection’ or ‘Identify Instrument’ to update Connection Expert.
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Downloading IVI-COM driver updates

IVI-COM and LabVIEW drivers for the 53220A/53230A (when available) are
provided on the Web at either:

www.keysight.com/find/53220A
www.keysight.com/find/53230A

Once this page is displayed, select the ‘Technical Support’ tab and then select
‘Drivers and Software’. The drivers and associated ‘readme’ files are located within
this list.
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3 H3220A/53230A Measurements

Counter Measurement Summary

The Keysight 53220A and 53230A counter measurements are summarized in

Table 3-1. The table includes the front panel keys under which specific

measurements are selected via soft-keys. Also provided are the equivalent SCPI
commands and channel restrictions.

Table 3-1 Keysight 53220A/53230A Measurement Summary
Measurement Key Command Instrument Channels
CONFigure:FREQuency
Freq
Frequency Y 53020A/53230A 123
. CONFigure:FREQuency:RATio
Freq
Frequency ratio RS e FREQuenoy RAT 7 532200/53230A 123
. CONFigure:PERiod
Freq
Period MEASure:PERiod? D3220A/58230A  1.23
. CONFigure:SPERiod
Freq
SPeriod MEASure:SPERiod? 03220A/58230A 1.2
. CONFigure:FREQuency:BURSt 3
Freq
Burst carrier frequency MEASure:FREQuency:BURSY? 53230A (Opt. 150)
” CONFigure:FREQuency:PRF 3
Freq
Pulse repetition frequency MEASure:FREQuency: PRF? 53230A (Opt. 150)
e CONFigure:FREQuency:PRI 3
Freq
Pulse repetition interval MEASure:FREQuency:PRI? 53230A (Opt. 150)
Burst positive width CONFigure:PWIDth:BURSt 53030A 3
(“on time”) Period MEASure:PWIDth:BURSt? (Opt. 150)
Burst ti idth
(“g;fti”mee%? e CONFigure:NWIDth:BURSt — 3
Period MEASure:NWIDth:BURSt? (Opt. 150)
o : CONFigure:TINTerval
T
Time interval A e 53000A/532308 12
_— ) CONFigure:RTIMe
Rise time AL o o 53220A/532304 1.2
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Table 3-1 Keysight 53220A/53230A Measurement Summary (continued)
Measurement Key Command Instrument Channels
. ; CONFigure:FTIMe
Fall ime e 53220A/53230A 1.2
. . CONFigure:NDUTycycle
T
Negative duty cycle EASeNDUTyoree? 53220A/53230A 1.2
. . CONFigure:PDUTycycle
T
Positive duty cycle S P UTyere? 53220A/53230A 1.2
. . ) CONFigure:NWIDth
Negative pulse width UEAS eIt 53220A/53230A 12
e . : CONFigure:PWIDth
T
Positive pulse width R 53220A/53230A 1.2
) CONFigure:PHASe
Phase Ao e 53220A/53230A 1.2
Totalize (continuous) CONFigure:TOTalize:CONTinuous 53000053230 1.2
o , CONFigure:TOTalize:TIMed
Totalize (timed) e 530000/53230A 1.2
, CONFigure:ARRay:TSTamp
Freq
Time stamp MEASure:ARRay:TSTamp? 53230 123
Minimum input voltage Display INPut[{1]2}]:LEVel:MINimum? 53220A/53230A 12
Maximum input voltage Display INPut[{1]2}]:LEVelMAXimum? 53220A/53230A 1,2
Peak-to-peak input voltage Display INPut[{1]2}]:LEVel:PTPeak? 53220A/53230A 1,2
RF signal strength Display INPut3:STRength? 53220A/53230A 3
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Reference Oscillator Configuration

78

Systemn

B

Store / 170 Cal / I Instr |Sgstem Battery
eca onfig utoCa etup etup ption
1 Recall lc fi lA c II 1 S ﬂ 1 Opti

Utility

1

el

—_——— - L J

Self | TimeBase HhaseMeas Time Out |Auto Level
Test lSettlngs l Auto lSettlngs | [Slow
I

=1

TimeBase | Ext Ref | Standhy

| Auto ||[10MHz | off On

53220A and 53230A measurements are based on a reference oscillator - also
referred to as an internal/external clock or time base. A valid reference oscillator
signal must be present for measurements to occur.

The following information applies to the counter’s standard temperature
compensated crystal oscillator (TCXO) and Option 010 Ultra High-Stability
oven-controlled crystal oscillator (OCXO) references.

Reference oscillator source

I[ TimeBase || Ext Ref | Standby
Il Auto |I[10MHz | [0ff On
|

[Internal | External Auto

The reference oscillator (time base) is either the counter’s internal oscillator or the
internal oscillator tuned to an external reference. The source commands are:

[SENSe: JROSCillator:SOURce {INTernal|EXTernal}
[SENSe: JROSCillator:SOURce? (query form)

[SENSe: JROSCillator:SOURce:AUTO {OFF|ON}
[SENSe: JROSCillator:SOURce:AUTO? (query form)
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- INTernal selects the counter’s internal 10 MHz oscillator. The signal is a
0.5 Vrms (into 50 Q) sine wave. The internal oscillator signal is also present on
the counter’s rear panel Int Ref Out connector.

- EXTernal selects an external reference signal applied to the rear panel Ext Ref
In connector. The signal must be:

- 1 MHz,5MHz, or 10 MHz
- 100 mVrms to 2.5 Vrms
- sine wave

and the frequency must be specified by the
SENSe:ROSCillator:EXTernal:FREQuency command.

- :AUTO ON enables automatic selection of the reference oscillator source. Ifa 1,
5, or 10 MHz signal is present on the counter’s Ext Ref In connector, source
EXTernal is set. If a valid signal is not present or is lost, the source
automatically switches to INTernal.

Note that specifying an oscillator source (INTernal or EXTernal) using
[SENSe: JROSCillator:SOURce disables automatic selection.

- :AUTO Off disables automatic selection of the oscillator source. The source is
then set by the [SENSe: JROSCillator:SOURce command.

The reference oscillator source is set to INTernal with automatic selection
enabled (On) when the counter is shipped from the factory or following the
SYSTem:SECure:IMMediate command. Settings are stored in non-volatile
memory and are not changed after a reset (*RST) or instrument preset
(SYSTem:PREset or Preset key).
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Specifying the external reference frequency

TimeBase,| Ext Ref | [Standhy

[
lExternat J[10MHz | [[Off On
. |

¥

1 MHz 5 MHz [10 MHz

When the reference oscillator source is EXTernal as set by either
SENSe:R0OSCillator:SOURce or SENSe:ROSCillator:SOURce:AUTO, the lock
frequency of the external signal (to which the internal oscillator is tuned) must be
indicated using the command:

[SENSe:]ROSCillator:EXTernal:FREQuency
{1E6|5E6|10E6 | MINimum|MAXimum|DEFault}

[SENSe:]ROSCillator:EXTernal:FREQuency? [{MINimum|MAXimum|DEFault}]
(query form)

The external reference frequency setting is 10 MHz when the counter is shipped
from the factory or following the SYSTem:SECure:IMMediate command. The
setting is stored in non-volatile memory and is not changed after a reset (*RST) or
instrument preset (SYSTem: PREset or Preset key).

External Reference Example

The following example configures the counter to tune to an external reference if
present, and the expected external frequency is 10 MHz.

SENS:ROSC:SOUR:AUTO ON // tune to external ref if present
SENS:ROSC:EXT:FREQ 10E6 // signal will be 10 MHz

Detecting a valid external reference signal

ExtRef will appear in the top, right corner of the display when a valid (external)

reference is present. If a valid frequency is not present or was not specified, the
message “No valid external timebase” is displayed. The error is also logged in the
error queue.

The presence of a valid external reference can be determined programmatically
with the command:

[SENSe: ]ROSCillator:EXTernal:CHECk ONCE
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Prior to sending the command, SENSe:R0SCillator:SOURce EXTernal and
SENSe:R0SCillator:SOURce:AUTO OFF must be set.

The following example checks for an external reference signal applied to the Ext
Ref In connector.

SENS:ROSC:SOUR EXT // set source, also disables
// automatic source selection

SENS:ROSC:EXT:CHEC ONCE // check for valid signal
SYST:ERR? // read the error queue

The error queue can be read from the front panel as follows:

Highlight the desired topic and press SELECT.

1 View the last message displayed.

2 View remote command error

3 Get HELP on any key.

4 Softkey Conventions and Tips

5 Screen Captures

6 Multiple Frequency Measurements

7 Single-Channel Time Interval Measurement
8 Gated Totalizing

9 Enabling Math Functions

10 Where To Find It

11 Contact Keysight Technical Support.

oot |

=

@

[-Jalo]

The status of the external reference (time base) is also monitored by the counter’s
Questionable Data register. The register can be queried with the command:
STATus :QUEStionable:EVENt?

A value of +1024 (bit 10) indicates an invalid frequency (time base) error. Reading
the register clears all bits in the register. See Chapter 8 for information on the

counter’s status system.
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Standby power to the reference oscillator (Option 010)

TimeBase |RhaseMeas| Time Out |Auto Level

| Settings 1 [Auto |Settings || (Slowr
|

TimeBase | Standby |
Llinternal (| [off on ||

Standby power to maintain the operating temperature of the counter’s internal
OCXO reference oscillator (Option 010) is provided by the the line voltage or from
Battery Option 300. Standby power is enabled and disabled using the command:

[SENSe: JROSCillator:INTernal:POWer:STANdby {OFF|ON}
[SENSe: JROSCillator:INTernal:POWer:STANdby? (query form)

- On enables standby power which maintains the temperature of the OCXO
when the front panel power button is switched ‘off’ (standby). If line power is
removed from the instrument and Battery Option 300 is installed and enabled,
standby power is supplied by the battery. Battery-supplied standby power is
24 hours.

- Off dis