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Notices
© Agilent Technologies, Inc. 2011

No part of this manual may be reproduced in 

any form or by any means (including elec-

tronic storage and retrieval or translation 

into a foreign language) without prior agree-

ment and written consent from Agilent 

Technologies, Inc. as governed by United 

States and international copyright laws.

Manual Part Number

53220-90001

Edition

Second Edition. September 2011

Printed in Malaysia

Agilent Technologies, Inc.

5301 Stevens Creek Blvd.

Santa Clara, CA 95052 USA

Product manuals are provided with your 

instrument on CD-ROM and/or in printed 

form. Printed manuals are an option. Manu-

als are also available on the web on the 

instrument’s product page.

Software Updates / Licenses

Periodically, Agilent releases software 

updates to fix known defects and incorpo-

rate product enhancements. To search for 

software updates and the latest documenta-

tion for your product, go to the product page 

at: 

www.agilent.com/find/53220A

www.agilent.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.agilent.com/find/GPLV2

This product utilizes Microsoft Windows 

CE. Agilent highly recommends that all Win-

dows-based computers connected to Win-

dows CE instruments utilize current 

anti-virus software. For more information, 

go to the product page at:

www.agilent.com/find/53220A

www.agilent.com/find/53230A

Technology Licenses 

The hardware and/or software described in 

this document are furnished under a license 

and may be used or copied only in accor-

dance with the terms of such license.

Declaration of Conformity

Declarations of Conformity for this product 

and for other Agilent products may be 

downloaded from the Web. Go to 

http://regulations.corporate.agilent.com 

and click on “Declarations of Conformity.” 

You can then search by product number to 

find the latest version.

Warranty

The material contained in this docu-
ment is provided “as is,” and is sub-
ject to being changed, without notice, 
in future editions. Further, to the max-
imum extent permitted by applicable 
law, Agilent disclaims all warranties, 
either express or implied, with regard 
to this manual and any information 
contained herein, including but not 
limited to the implied warranties of 
merchantability and fitness for a par-
ticular purpose. Agilent shall not be 
liable for errors or for incidental or 
consequential damages in connec-
tion with the furnishing, use, or per-
formance of this document or of any 
information contained herein. Should 
Agilent and the user have a separate 
written agreement with warranty 
terms covering the material in this 
document that conflict with these 
terms, the warranty terms in the sep-
arate agreement shall control.

Assistance

This product comes with the standard prod-

uct warranty. Warranty options, extended 

support contacts, product maintenance 

agreements and customer assistance 

agreements are also available. Contact your 

nearest Agilent Technologies Sales and Ser-

vice office for further information on Agilent 

Technologies' full line of Support Programs.

Certification

Agilent Technologies certifies that this prod-

uct met its published specifications at time 

of shipment from the factory. Agilent Tech-

nologies 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 cal-

ibration facilities of other International 

Standards Organization members.

Exclusive Remedies

THE REMEDIES PROVIDED HEREIN ARE 

THE CUSTOMER'S SOLE AND EXCLUSIVE 

REMEDIES. AGILENT TECHNOLOGIES 

SHALL NOT BE LIABLE FOR ANY DIRECT, 

INDIRECT, SPECIAL, INCIDENTAL, OR CON-

SEQUENTIAL DAMAGES, WHETHER 

BASED ON CONTRACT, TORT, OR ANY 

OTHER LEGAL THEORY.

Restricted Rights Legend

U.S. Government Restricted Rights. Soft-

ware and technical data rights granted to 

the federal government include only those 

rights customarily provided to end user cus-

tomers.  Agilent provides this customary 

commercial license in Software and techni-

cal data pursuant to FAR 12.211 (Technical 

Data) and 12.212 (Computer Software) and, 

for the Department of Defense, DFARS 

252.227-7015 (Technical Data - Commercial 

Items) and DFARS 227.7202-3 (Rights in 

Commercial Computer Software or Com-

puter Software Documentation).

Trademarks

Microsoft and Windows are U.S. registered 

trademarks of Microsoft Corporation. 
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Waste Electrical and 

Electronic Equipment (WEEE) 

Directive 2002/96/EC

This product complies with the WEEE Direc-

tive (2002/96/EC) marking requirement. 

The affixed product label (see below) indi-

cates that you must not discard this electri-

cal/electronic product in domestic 

household waste.

Product Category: With reference to the 

equipment types in the WEEE directive 

Annex 1, this product is classified as a 

"Monitoring and Control instrumentation" 

product.

Do not dispose in domestic household 

waste.

To return unwanted products, contact your 

local Agilent office, or see 

www.agilent.com/environment/product 

for more information.  

Lithium Battery Recycling

The 53220A/53230A counters contain a 3V 

“coin cell” lithium battery. Agilent recom-

mends that this battery be replaced every 

year at the instrument’s 1-year calibration 

interval. Replacement procedures are pro-

vided 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 bat-

tery charge/discharge cycles.

Refer to local, state, or Federal regulations 

when disposing of, or recycling either bat-

tery.

Safety Information
The following general safety precautions 

must be observed during all phases of oper-

ation 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. Agilent Technologies 

assumes no liability for the customer's fail-

ure to comply with these requirements. 

General

Do not use this product in any manner not 

specified by the manufacturer. The protec-

tive features of this product may be 

impaired if it is used in a manner not speci-

fied 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 

The Agilent 53220A/53230A is provided 

with a grounding-type power plug. The 

instrument chassis and cover must be con-

nected 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 protec-

tive earth terminal will cause a potential 

shock hazard that could result in personal 

injury.

Fuses

The Agilent 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

Do not operate the instrument in the pres-

ence of flammable gases or fumes.

Do Not Operate Near 

Flammable Liquids

Do not operate the instrument in the pres-

ence of flammable liquids or near contain-

ers 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 exter-

nal circuits before removing the instrument 

cover.

Do Not Modify the Instrument

Do not install substitute parts or perform 

any unauthorized modification to the prod-

uct. Return the product to an Agilent Sales 

and Service Office for service and repair to 

ensure that safety features are maintained.

In Case of Damage

Instruments that appear damaged or defec-

tive 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. 

www.valuetronics.com
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Safety Notices

CAUTION

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. 

WARNING

A WARNING notice denotes a hazard. 

It calls attention to an operating pro-

cedure, 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.

Safety Symbols 

WARNING

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) appli-

cations only. Do not use in other IEC 

Measurement Category (CAT II, CAT 

III, or CAT IV) applications. Failure to 

observe these precautions may result 

in electric shock and serious personal 

injury.

WARNING

The BNC shells of the input terminals 

are connected to the instrument chas-

sis. Verify signal polarity before mak-

ing any connections to the input 

terminals.

Protection Limits

The Agilent 53220A/53230A 350 MHz Uni-

versal Counter 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:

WARNING

During battery operation, the maxi-

mum measured signal supplied by the 

user is + 42V.

WARNING

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.

Installing the Instrument

The Agilent 53220A/53230A operates in the 

following line-voltage ranges:

100 - 240V, 50-60 Hz

100 - 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:

WARNING

Connect the instrument chassis to 

earth ground during battery operation 

to minimize shock hazard. Any inter-

ruption or disconnection of the pro-

tective earth terminal will cause a 

potential shock hazard that could 

result in personal injury. 

WARNING

Under battery power, the instrument 

chassis may float to the potential of 

the measured signal supplied by the 

user.

Chassis Ground

Refer to manual for addi-

tional safety information.

Standby Power. Unit is not 

completely disconnected 

from AC mains when power 

switch is in standby position.

CAT I 
IEC Measurement Category I. 

Do NOT connect inputs to AC 

mains or to circuits derived 

from AC mains.

1 Watt Max into 50W

!

Channel / Setup

www.valuetronics.com
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Welcome. This user’s guide contains configuration and operating information 
for the Agilent 53220A/53230A 350 MHz Universal 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. 
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1 Preparation for Use

Figure 1-1. 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 Agilent 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 1-1 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/Standby Button - switches the instrument between ‘on’ and ‘off’, or 
between ‘on’ and ‘standby’. 

www.valuetronics.com
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1 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 (OCXO) - 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/O) control. Data flow is covered in Chapter 7.

Rear Panel

The 53230A rear panel shown in Figure 1-1 includes product Option 201 
(parallel rear panel inputs) and GPIB interface. 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 50Ω) 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 5. 

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/O) ports. Configuration of 
these ports and the GPIB interface is covered in Chapter 2.

www.valuetronics.com
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Preparation for Use 1

Display

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

Figure 1-2. The 53220A/53230A Display.

About the Instrument

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:

ChannelConfiguration

MainMeasurementDisplay

SoftkeyNavigation

InputSettings
:measurementstartedge

10% :triggerthreshold
AC :inputcoupling(acordc)

1MW :inputImpedance(1MW,50W)

5V :inputRange(5V,50V,500V)
Probe :probeenabled

BW :bandwidthfilterenabled

ChannelandFunction

SoftKeys

SecondaryMeasurements

MainMeasurement

DataEntryArea

StatusIndicators
RMT:remote(LAN,USB,GPIB)operation

ExtRef:externalfrequencyreference

ExtRef:invalidexternalreference

ExtTrig:externaltriggersource

Ch.1 Ch.2

Gate

Batterystatus:
chargelevel
black–userdisabled

red–softwaredisabled

www.valuetronics.com



16  53220A/53230A User’s Guide

1 Preparation for Use

1 Power cord

2 USB cable 

3 Agilent I/O Libraries Suite CD-ROM

4 Agilent 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.

No Manuals?

There are three printed manuals available with the 53220A/53230A:

• Agilent 53220A/53230A Quick Start Tutorial (p/n 53220-90005)

• Agilent 53220A/53230A User’s Guide (p/n 53220-90001)
• Agilent 53210A/53220A/53230A Service Guide (p/n 53220-90010)

53220A

Opt.010:UltraHigh-StabilityOCXOTimebase

Opt.106:6GHzMicrowaveInput(Ch.3)

Opt.115:15GHzMicrowaveInput(Ch.3)

Opt.201:AddparallelChannel1andChannel2inputsonrearpanel

Opt.202:InstallOption106/115onfrontpanel

Opt.203:InstallOption106/115onrearpanel

Opt.300:InternalLithiumIonSmartBatteryandCharger

Opt. 400: GPIBInterface

53230A

Opt.010:UltraHigh-StabilityOCXOTimebase

Opt.106:6GHzMicrowaveInput(Ch.3)

Opt.115:15GHzMicrowaveInput(Ch.3)

Opt.150:PulseMicrowaveMeasurements(53230A only)

Opt.201:AddparallelChannel1andChannel2inputsonrearpanel

Opt.202:InstallOption106/115onfrontpanel

Opt.203:InstallOption106/115onrearpanel

Opt.300:InternalLithiumIonSmartBatteryandCharger

Opt.400:GPIBInterface

NOTE
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.

www.valuetronics.com
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Preparation for Use 1

53220A/53230A Option 0B0 (delete printed manuals) is the default product 
documentation option. If Option 0B0 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 Agilent, contact your Agilent 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:

When storing the 53220A/53230A counter, note the following storage 
specification:

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.

Environment: EN61010,PollutionDegree2;IndoorLocations

Temperature: 0°Cto+55°C
Humidity: 5%to80%RH(non-condensing)

Altitude: upto3000meters,or10,000feet

Temperature: -30°Cto+70°C

www.valuetronics.com
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1 Preparation for Use

Electrical Requirements

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

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

Applying Power

Connect the power cord and press the “on/standby” button on the front panel 
( ). 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)

Power Supply:  CATI(donotconnecttoACmains)

100to240V@50/60Hz(-5%to+10%)

 100to120V@400Hz(+10%)

Power Consumption: 90VAmaxwhenpowerisonorbattery

optionischarging.6VAmaxduring

powerofforstandby

NOTE
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.agilent.com/find/53220A

www.agilent.com/find/53230A
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Preparation for Use 1

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.

Table 1-2. Power-On LED Status and Color.

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 “Standby Power to the Reference Oscillator” in Chapter 3 for 
information on enabling/disabling standby power.

NOTE
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 Agilent 

for repair. 

Instrument ’Off’

Power Source
Instrument 

‘On’

OCXO w/ 

Standby 

enabled

OCXO w/ 

Standby 

disabled

No 

OCXO

ACLine green amber off off

Opt.300Battery

(enabled)

green amber

(blinking)

off off

Opt.300Battery

(disabled)

off off off off
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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. 

Battery Operation

WARNING

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

Also, connect the instrument chassis to earth ground during battery operation to mini-
mize 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.

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? (queryform)

- 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:

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:

monthsbatterydisabled*10%+daysbatteryenabled*30%
=90%

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

Operating Time (typ): 3hours(below+35°C)
Standby Time(typ): 24hours (below+35°C,OCXOpowered)
Recharge Time(typ): 4hoursto100%capacityor2hoursto90%capacity

Temperature Range: 0°Cto+55°C(operating)-batterychargesbelow+35°C
-10°Cto+60°C(storage)

NOTE
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.

NOTE
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.agilent.com/find/53220A

www.agilent.com/find/53230A
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Using Built-In Help

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.

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.
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With AutoDigits 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 [Shift]ed numeric keys. See “Resolution and Gate Time” in 
Chapter 5 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.

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.

www.valuetronics.com



53220A/53230A User’s Guide  25

Preparation for Use 1

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 (,). 

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

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.
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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. 

User Interaction

The features described in this section are related to the user’s physical 
interaction with the instrument.

Selecting the Instrument ‘Help’ language

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.
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Beeper Setting

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
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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?  (queryform)

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

The date and time range values are:

year:2000-2099 hour:0-23

month: 1-12 minute:0-59

day: 1-31 second:0-59.999

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 cur-

rent 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 indication is: - - - - - - -. 
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 Measure-

ment 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 oscil-

lator signal must be present for measurements to occur.
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Refer to “Reference Oscillator Configuration” in Chapter 3 for detailed infor-

mation on selecting and configuring the reference oscillator source.

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.

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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Agilent 53100 Series Counter Emulation Mode

The 53220A/53230A’s emulation mode enables the Agilent 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? (queryform)

- 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.

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:

---------------------------------------------------------------------------------------------------------

The input impedance of the 53220A/53230A counter can be set to either 50Ω 

or 1 MΩ using the command:

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

DEFault} 

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

----------------------------------------------------------------------------------------------------------
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The description of operation which follows typically applies to both front 
panel and remote usage. 

For general reference, the information in this manual is organized as shown in 
Figure 1-3.

Figure 1-3. 53220A/53230A User’s Guide Organization.

SignalConditioning
Chapter4

Triggering/Gating
Chapter5

StatusConditions
Chapter8

MathandGraphs
Chapter6

Measurements
Chapter3

Formats/DataFlow
Chapter7
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This chapter contains information on IO 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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Software Requirements

The environments available to program the 53220A/53230A are dependent 

upon the IO libraries and drivers installed. The IO software included with the 

53220A/53230A is contained on the following CD:

• Agilent Automation-Ready CD: Agilent IO Libraries Suite 

The IVI-C and IVI-COM drivers for the instrument can be found on the web at: 

www.agilent.com/find/53220A or www.agilent.com/find/53230A  

Table 2-1 summarizes the environments, IO driver recommendations, and the 

location (media) where specific drivers and libraries can be found.

Table 2-1. 53220A/53230A Development Environments and Drivers.

Interface Development Environment IO Driver Recommendations

LAN Web-enabledinstrumentinterface

>SCPICommandInterfacewindow
Java -enabledWebbrowser
(availablefromwww.java.com)

LAN,GPIB,USB AgilentConnectionExpert

>InteractiveIOwindow
AgilentIOLibrariesCD*

LAN,GPIB,USB Microsoft®VisualStudio®

>VisualC++
VISA-AgilentIOLibrariesCD*

IVI-C -Web

LAN,GPIB,USB Microsoft®VisualStudio®

>VisualBasic
VISA-COM-AgilentIOLibraries*

IVI-COM -Web

LAN,GPIB,USB Microsoft®VisualStudio®.NET

>C#,C++,VisualBasic
IVI-COM-Web

LAN,GPIB,USB AgilentVEE IVI-COM-Web

LAN,GPIB,USB NationalInstrumentsLabVIEW 53220A/53230Anativemodedriver

IVI-C-Web

LAN,GPIB,USB NationalInstrumentsLabWindows/CVI IVI-C-Web

*Visitwww.agilent.comforthelatestversionoftheAgilentIOLibrariesSuite.
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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.

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. 

NOTE 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.
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Enter the IP address in the browser’s address window. With “Advanced infor-

mation ...” 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.

Figure 2-1. The 53230A Web-Enabled Interface ‘Welcome Page’.

169.254 .2.30

A-53230A-00050

A-53230A-00050.local
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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 IO information, can be used to 

identify a connected instrument, and contains menu tabs for accessing addi-

tional 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 IO window shown in Figure 2-2. From this window, SCPI 

commands can be sent to the instrument. 

NOTE
For ease in (Internet) browser navigation when controlling multiple instruments, open a 

separate browser session for each Web-enabled instrument.

NOTE
Although no additional libraries or drivers are required to use the Web interface, the 

interface is also accessible from Agilent Connection Expert (ACE). See “Opening the Web 

Interface from Agilent Connection Expert” for more information. 
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Figure 2-2. The Web UI SCPI Command Interface.

Any command in the counter’s SCPI command set can be sent to the instru-

ment. Query commands which include ‘?’ 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.

NOTE
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], 

(I/O Config), (LAN Reset) on the front panel clears the password.
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Changing LAN Settings and Using Password Protection

The Network Configuration Page icon provides access to the counter’s LAN set-

tings, and enables you to set a password to prevent unauthorized access to the 

Web instrument interface. Select Modify Configuration to change and save set-

tings.

Installing the Agilent IO Libraries

The Agilent IO 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 IO librar-

ies also include Agilent Connection Expert described and used later in this 

chapter.

The IO Libraries are contained on the Agilent Automation-Ready CD or may be 

downloaded from the Electronic Test & Measurement Software page at:

http://www.agilent.com

Before installing the IO libraries, review Table 2-2 to verify that your computer 

meets the specifications required for the latest version of the software. 

NOTE The Agilent IO Libraries (VISA and VISA-COM) must be installed prior to installing 

any other I/O drivers (e.g. IVI-C, IVI-COM).

NOTE The Agilent IO Libraries and utilities are often updated to include additional fea-

tures and improve usability. The figures used in this chapter represent the latest 

version of the IO Libraries available at the time of printing. While you may have a 

different version, the process of configuring and adding instruments to an inter-

face remains basically the same.
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Table 2-2. Agilent IO Libraries Suite System Requirements.

Loading the Software

Close all applications on your computer. Insert the Agilent Automation-Ready 

CD into the CD drive. Follow the instructions as prompted for a typical instal-

lation. Accept all default directories specified if prompted.

If the IO 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.

Operating System Windows XP (SP 3 or later) Windows Vista /Windows 7 

32/64-bit editions 

Processor 600MHzorhigherrequired

800MHzrecommended

1GHz32-bit(x86)

1GHz64-bit(x64)

Available Memory 256MBminimum

1GBorgreaterrecommended

1GBminimum

Available Disk Space 1.5GB

*1GBrecommendedforMicrosoft.NET

Framework2.0 SP2

*65MBforAgilentIOLibrariesSuite

1.5GB

 *1GBrecommendedforMicrosoft

.NETFramework2.0SP1

*65MBforAgilentIOLibrariesSuite

Video SuperVGA(800x600)w/256colorsormore SupportforDirectX9graphicsw/128MB

graphicsmemoryrecommended

(SuperVGAgraphicsissupported.)

Web Browser MicrosoftInternetExplorer6.0orgreater MicrosoftInternetExplorer7orgreater

Note:becauseoftheinstallationprocedure,lessmemorymayberequiredforoperationthanforinstallation.

NOTE
If another vendor’s implementation of VISA (Virtual Instrument Software 

Architecture) is currently installed on your computer, continue installation of the 

Agilent IO Libraries by installing Agilent 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 Agilent’s and Other 

Vendors’ Products Together.” 
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After the IO 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” sec-

tion of this chapter. 

Installing Instrument Drivers

Interchangeable Virtual Instrument (IVI) drivers (when available) are used for 

programming the 53220A/53230A with Agilent VEE, with National Instru-

ments  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.

Adding Instruments to the PC Interface

During installation of the Agilent IO Libraries, the IO 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 

Agilent IO Libraries ‘Connection Expert’ utility.

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

NOTE
Installing the Agilent IO Libraries installs the Interchangeable Virtual Instrument 

(IVI) Shared Components. The IVI Shared Components are required before the IVI 

drivers (e.g. IVI-COM, IVI-C)can be installed.

NOTE The figures used in this chapter represent the latest version of the IO Libraries 

available at the time of printing. While you may have a different version, the pro-

cess 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 sub-

system. 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.

Once the IP address is known, start the Connection Expert utility by clicking 

the ‘Agilent IO Control’ icon and selecting “Agilent Connection Expert” from 

the pop up menu as shown in Figure 2-3.
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Figure 2-3. Starting Agilent Connection Expert.

Locating the Instruments

Agilent Connection Expert opens with a welcome screen and window similar 

to that shown in Figure 2-4. The computer interfaces configured during instal-

lation 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, highlight the LAN interface (LAN 

(TCPIP0)) and select “Add Instrument” located on the Connection Expert tool 

bar. After selecting ‘Add Instrument’, Connection Expert performs an auto-

matic 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 pro-

grammed using VXI-11 protocol.

Clicking the icon opens 

the pop-up menu
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Figure 2-4. Agilent Connection Expert Interface Window.

Using the Sockets Protocol For higher performance, instruments added to the 

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

select ‘Add Address’ from the ‘Add Instruments’ menu (Figure 2-4). In this window, 

enter the instrument’s host name or IP address and under ‘Optional Socket Con-

nection’, select ‘Use socket connection’ (Figure 2-5). Note that an instrument can 

have both VXI-11 and Sockets connections in the configuration (Figure 2-4). 

configured interfaces

www.valuetronics.com



53220A/53230A User’s Guide 47

53220A/53230A Software Installation and Interface Configuration 2

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 Agilent. 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.

If there is not a DHCP server on the network, the 53220A/53230A will auto-

matically determine the address to use. The address will be in the range 

169.254.1.1 to 169.254.255.255.

enterandselecttoadd

Socketconnection
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Host Names

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

A-53220A-nnnnn (Agilent53220A)

A-53230A-nnnnn (Agilent53230A)

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

The instrument host name is reported by Connection Expert for network serv-

ers 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: 

TCPIP0::169.254.2.30::inst0::INSTR (VXI-11)

TCPIP0::169.254.2.30::5025::SOCKET (Sockets)

or host name:

TCPIP0::A-53230A-00050.agilent.com::inst0::INSTR
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Disabling the LAN Interface

The LAN interface can be disabled from the front panel by selecting I/O 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 Agilent Connection Expert

The LAN interface is the only IO interface from which the counter’s 

Web-enabled user interface can be accessed. To open the Web UI, highlight the 

configured LAN instrument (Figure 2-4) and select “Instrument Web Inter-

face...” from the Connection Expert window.

Configuring the USB Interface

The 53220A/53230A is a high-speed USB 2.0 device. Connection to the instru-

ment is through the Type B USB connector located on the instrument rear 

panel.

Adding Instruments to the USB Configuration

With the 53220A/53230A and PC connected through the USB cable, start Agi-

lent 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 inter-

face (USB0) and then select “Refresh 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.

NOTE
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 Agilent Automation-Ready CD that ships with the 

53220A/53230A. Continue through the “wizard” application without searching for 

software and using the default selections.
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The USB Address String

When programming the 53220A/53230A over USB, the instrument’s USB 

address is included in the address string as follows:

USB0::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, right-click on the default alias name and then select “Change Proper-

ties”. Enter the alias and then select ‘OK’ (Figure 2-6).
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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 I/O 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 IO

The Web-enabled instrument interface is not available from the USB interface. 

An alternate programming method is to use the Connection Expert ‘Interac-

tive IO’ utility (see “Using Interactive IO).
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Configuring the GPIB Interface

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 instru-

ment) configuration. 

Adding Instruments to the GPIB Configuration

To add instruments to the GPIB interface, highlight GPIB0 and select “Add 

Instrument” on the Connection Expert tool bar (Figure 2-4). In the ‘New 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.

NOTE
The following information assumes a GPIB card or USB/GPIB interface is present 

on your computer.
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Figure 2-7. Selecting the GPIB Address.

The counter’s GPIB address can be read from the front panel as shown below.
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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:

GPIB0::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 Connec-

tion Expert interface window (Figure 2-4). 

From the (Connection Expert) window, highlight the GPIB instrument and 

then select ‘Change Properties ...”. 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 I/O 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 IO

The Web-enabled instrument interface is not available from the GPIB inter-

face. An alternate programming method is to use the Connection Expert 

‘Interactive IO’ utility (see “Using Interactive IO).
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Using Interactive IO

The Connection Expert ‘Interactive IO’ utility provides another method (Table 

2-1) of sending commands to the 53220A/53230A. Interactive IO is accessible 

from any of the PC’s IO 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?). 

Interactive IO can be used to:

• troubleshoot communication problems

• issue a “device clear”

• learn the instrument's command set 

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

Figure 2-8. Starting Interactive IO for a Selected Interface.

highlight interface

select Interactive IO
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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? (queryform)

To unsecure the instrument, you must provide the security code in addition to 

setting the state to OFF. The security code is set to AT53220A (Agilent 

53220A) or AT53230A (Agilent 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 set-

ting 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?

NOTE
If the Interactive IO 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 IO 

window. The 53220A/53230A self-test takes approximately seven seconds to 

complete.
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SCPI Language Emulation Mode

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 

Agilent update utility. The utility and firmware update can be found at:

www.agilent.com/find/53220A

www.agilent.com/find/53230A

Once this page is displayed, select the ‘Technical Support’ tab and then select 

‘Drivers and Software’. Click on ‘532x0A Firmware Update’ and under ‘Docu-

ments & 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\Agilent\Firmware Update Utility Type 2. The 

utility will also be added to the ‘start’ menu under “Agilent”.
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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.

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. A window 

similar to that shown in Figure 2-9 should appear.

Figure 2-9. Firmware Update Utility File Selection Window.

NOTE
Firmware updates are available from the LAN interface only. Note the IP address 

before starting the utility. 
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2. Press Next and using the Browse button, specify the path to the firmware file 

(Figure 2-10). Once specified, the instrument model number will appear in the 

‘Applicable Models’ window along with the revision and instrument descrip-

tion. Select Next.

Figure 2-10. Selecting the Update File Path.

3. Enter the counter’s IP address or host name (Figure 2-11). Select ‘Update’ to 

start the update process.
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Figure 2-11. Specifying the Address or Host Name.

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

will reboot once the update is complete.

NOTE
Following a firmware update, Agilent 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.agilent.com/find/53220A

www.agilent.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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This chapter contains general programming information and examples of the 

measurements that can be made with the 53220A and 53230A counters. 
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Counter Measurement Summary

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

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

surements are selected via soft-keys. Also provided are the equivalent SCPI 

commands and channel restrictions.

Table 3-1. Agilent 53220A/53230A Measurement Summary

Measurement Key Command Instrument Channels

Frequency
CONFigure:FREQuency

MEASure:FREQuency?
53220A/53230A 1,2,3

FrequencyRatio
CONFigure:FREQuency:RATio

MEASure:FREQuency:RATio? 53220A/53230A 1,2,3

Period
CONFigure:PERiod

MEASure:PERiod?
53220A/53230A 1,2,3

SPeriod
CONFigure:SPERiod

MEASure:SPERiod?
53220A/53230A 1,2

BurstCarrierFrequency
CONFigure:FREQuency:BURSt 

MEASure:FREQuency:BURSt?
53230A

3

(Opt. 150)

PulseRepetitionFrequency
CONFigure:FREQuency:PRF

MEASure:FREQuency:PRF? 53230A
3

(Opt. 150)

PulseRepetitionInterval
CONFigure:FREQuency:PRI

MEASure:FREQuency:PRI? 53230A
3

(Opt. 150)

BurstPositivewidth

(“ontime”)
CONFigure:PWIDth:BURSt 

MEASure:PWIDth:BURSt?
53230A

3

(Opt. 150)

BurstNegativewidth

(“offtime”)
CONFigure:NWIDth:BURSt

MEASure:NWIDth:BURSt?
53230A

3

(Opt. 150)

Freq
Period

Freq
Period

Freq
Period

Freq
Period

Freq
Period

Freq
Period

Freq
Period

Freq
Period

Freq
Period
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Table 3-1. Agilent 53220A/53230A Measurement Summary (Cont’d)

Measurement Key Command Instrument Channels

TimeInterval
CONFigure:TINTerval

MEASure:TINTerval?
53220A/53230A 1,2

RiseTIme
CONFigure:RTIMe

MEASure:RTIMe?
53220A/53230A 1,2

FallTime
CONFigure:FTIMe

MEASure:FTIMe?
53220A/53230A 1,2

NegativeDutyCycle
CONFigure:NDUTycycle

MEASure:NDUTycycle?
53220A/53230A 1,2

PositiveDutyCycle
CONFigure:PDUTycycle

MEASure:PDUTycycle?
53220A/53230A 1,2

NegativePulseWidth
CONFigure:NWIDth

MEASure:NWIDth?
53220A/53230A 1,2

PositivePulseWidth
CONFigure:PWIDth 

MEASure:PWIDth?
53220A/53230A 1,2

Phase
CONFigure:PHASe

MEASure:PHASe? 53220A/53230A 1,2

Totalize(Continuous)
CONFigure:TOTalize:CONTinuous

53220A/53230A 1,2

Totalize(Timed)
CONFigure:TOTalize:TIMed

MEASure:TOTalize:TIMed? 53220A/53230A 1,2

TimeStamp
CONFigure:ARRay:TSTamp

MEASure:ARRay:TSTamp?
53230A 1,2,3

MinimumInputVoltage Display INPut[{1|2}]:LEVel:MINimum? 53220A/53230A 1,2

MaximumInputVoltage Display INPut[{1|2}]:LEVel:MAXimum? 53220A/53230A 1,2

Peak-to-PeakInputVoltage Display INPut[{1|2}]:LEVel:PTPeak? 53220A/53230A 1,2

RFSignalStrength Display INPut3:STRength? 53220A/53230A 3

Time
Interval

Time
Interval

Time
Interval

Time
Interval

Time
Interval

Time
Interval

Time
Interval

Time
Interval

Totalize

Totalize

Freq
Period
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Reference Oscillator Configuration

53220A and 53230A measurements are based on a reference oscillator - also 

referred to as an internal/external clock or time base. A valid reference oscil-

lator signal must be present for measurements to occur.

The following information applies to the counter’s standard temperature com-

pensated crystal oscillator (TCXO) and Option 010 Ultra High-Stability 

oven-controlled crystal oscillator (OCXO) references.

Reference Oscillator Source

The reference oscillator (time base) is either the counter’s internal oscillator 

or the internal oscillator tuned to an external reference. The source com-

mands are:

[SENSe:]ROSCillator:SOURce{INTernal|EXTernal}
[SENSe:]ROSCillator:SOURce? (queryform)
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[SENSe:]ROSCillator:SOURce:AUTO{OFF|ON}
[SENSe:]ROSCillator:SOURce:AUTO? (queryform)

- INTernal selects the counter’s internal 10 MHz oscillator. The signal is a 

0.5 Vrms (into 50Ω) 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 , 5 MHz, or 10 MHz 

• 100 mVrms to 2.5 Vrms 

• sine wave

and the frequency must be specified by the SENSe:ROSCillator:EXTer-

nal:FREQuency command. 

- :AUTO ON enables automatic selection of the reference oscillator source. If a 

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 automat-

ically switches to INTernal. 

Note that specifying an oscillator source (INTernal or EXTernal) using 

[SENSe:]ROSCillator:SOURce disables automatic selection. 

- :AUTO Off disables automatic selection of the oscillator source. The source 

is then set by the [SENSe:]ROSCillator: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

When the reference oscillator source is EXTernal as set by either 

SENSe:ROSCillator: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}] (queryform)

The external reference frequency setting is 10 MHz when the counter is 

shipped from the factory or following the SYSTem:SECure:IMMediate com-

mand. The setting is stored in non-volatile memory and is not changed after a 

reset (*RST) or instrument preset (SYSTem:PREset or Presetkey).

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:AUTOON//tunetoexternalrefifpresent
SENS:ROSC:EXT:FREQ10E6 //signalwillbe10MHz

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.
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The presence of a valid external reference can be determined programmati-

cally with the command:

[SENSe:]ROSCillator:EXTernal:CHECkONCE

Prior to sending the command, SENSe:ROSCillator:SOURceEXTernal 

and SENSe:ROSCillator:SOURce:AUTOOFF must be set.

The following example checks for an external reference signal applied to the 

Ext Ref In connector.

SENS:ROSC:SOUREXT //setsource,alsodisables
//automaticsourceselection

SENS:ROSC:EXT:CHECONCE //checkforvalidsignal
SYST:ERR? //readtheerrorqueue

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

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:
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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 informa-

tion on the counter’s status system.

Standby Power to the Reference Oscillator (Option 010)

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:]ROSCillator:INTernal:POWer:STANdby{OFF|ON}

[SENSe:]ROSCillator:INTernal:POWer:STANdby? (queryform)

- 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 disables standby power from either the line voltage or battery to the 
internal oscillator when the front panel power button is switched ‘off’. 

With standby power Off, cycling power on the instrument also cycles power to 

the oscillator. This may affect the oscillator’s calibrated accuracy, and sta-

bility may not occur until the specified warm-up time (45 minutes) is 

reached.
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Note that disabling standby power with Battery Option 300 installed and the 

line voltage removed will extend the time the battery remains charged. 

Standby power is disabled (Off) when the counter is shipped from the factory 

or following the SYSTem:SECure:IMMediate command. The current setting 

is stored in non-volatile memory and is not changed after a reset (*RST) or 

instrument preset (SYSTem:PREset or Preset key).

Setting the Measurement Mode

There are three measurement modes available for making frequency, fre-

quency ratio, and average period measurements. The measurement mode is 

set using the command:

[SENSe:]FREQuency:MODE{AUTO|RECiprocal|CONTinuous}
[SENSe:]FREQuency:MODE? (queryform)

AUTO - configures the counter to make resolution-enhanced measurements 

when possible, or reciprocal measurements otherwise depending on input sig-

nal conditions. Channel 3 wide mode burst frequency measurements 

(PRF/PRI) are made using resolution-enhanced (AUTO) mode only. 

RECiprocal - configures the counter for reciprocal-only measurements. In 

Reciprocal mode, the period of the input signal is measured and all frequency 

readings are derived from (are the reciprocal of) the period measurement. 

RECiprocal mode is not available on optional channel 3.
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CONTinuous - configures the counter for continuous, resolution-enhanced, 

gap-free measurements. These measurements are used by the counter's Allan 

Deviation feature when estimating stability. 

In CONTinuous mode a trigger count of ‘1’ is the only value allowed, and all 

samples (readings) per trigger are taken within a single (hardware) gate 

open/gate close sequence and computed back-to-back. There is no lag (dead 

time) between readings that otherwise occurs with the per-sample gate 

open/gate close sequence of the AUTO and RECiprocal modes. 

Figure 3-1 and the following paragraphs describe continuous, gap-free mea-

surements with an example one second gate time.

Figure 3-1. 53230A Continuous, Gap-Free Measurement Sequence.

gateopen

Reading#1 Reading#2 Readingn

start
2 3 41

stop
5

1

start

2 3 4 5

stop

start
1 2 3 4 5

stop

gateclosed

gap-free

‘stop’edgeofpreviousreading
is‘start’edgeofnextreading

subsequentreadingsbasedonnumber

ofedgesforfirstreading
edgesrequiredforreading
determinedbygatetime

gap-free

GateIn/OutBNC:

OUTput:STATeON
OUTput:POLarityNORMal

CONFigure:FREQuency[<expectedvalue>,<resolution>,<channel>]

TRIGger:COUNt1
SAMPle:COUNt<count>

SENSe:FREQuency:MODECONTinuous
SENSe:FREQuency:GATE:SOURceTIME

SENSe:FREQuency:GATE:TIME1

...

...

gatetime(1s) gatetime(1s) gatetime(1s)

firmwarecontrolled–willseefluctuations
ontheoutputBNCbutreadingsarecontinuous(gapfree)
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Gate Time/Edge Count The specified (or default) gate time and the input sig-

nal frequency determine the number of edges required to produce the first 

reading in the sample count. All subsequent readings in the count are based on 

the same number of edges used for the first reading. Gate time is per reading.

Start/Stop Edge The edge that ends the gate time of the previous reading is 

the same edge which starts the gate time (edge count) for the next reading. 

Because the same edge is used as a start/stop edge, there is no gap/lag/dead 

time between readings in CONTinous mode.

Input Signal Stability The stability of the input signal frequency during the 

measurement can impact the counter's observable continuous (gap-free) char-

acteristic. As previously mentioned, all readings in the current reading count 

are based on the number of edges required to complete the first reading which 

in turn, are based on the specified or default gate time. If during measure-

ments before the sample count is reached the input frequency changes, the 

counter will modulate the gate time of subsequent readings according to the 

frequency. The edge count per reading as originally determined remains fixed 

and the readings gap-free.    

CONTinuous mode is available on channels 1 and 2 and optional channel 3 of 

the 53230A only, and only for frequency and average-period measurements. 

Following a reset (*RST) or instrument preset (SYSTem:PREset or Preset 

key), the measurement mode is set to AUTO. CONFigure and MEASure do not 

change the mode. 
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Setting the 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 indication is: - - - - - - -. 
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 measurement time out is set with the command:

SYSTem:TIMeout{<time>|MINimum|MAXimum|INFinity|DEFault}
SYSTem:TIMeout?[{MINimum|MAXimum|DEFault}]

(queryform)

- time is the specified time out in the range of 10ms to 2,000s with 1ms 
resolution. The time out setting can affect reading throughput when multiple 
readings are taken during the trigger cycle. Trigger delays, gate times, and gate 
delays (Chapter 5) should be considered when setting an optimum time out 
value.

The time out setting is stored in non-volatile memory and is not changed fol-

lowing a reset (*RST) or instrument preset (SYSTem:PREset or Preset key).
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When shipped from the factory the measurement time out is set to 1 second. 

Specifying a time of 9.9E+37 or sending the SYSTem:SECurity:IMMediate 

command disables the time out. When the time out is disabled, the instrument 

will wait indefinitely for the measurement to complete.

SCPI Syntax Conventions

Programming the counters through their LAN, USB, and GPIB interface is 

achieved using the Standard Commands for Programmable Instruments 

(SCPI) control language. A typical example of the SCPI language syntax is 

shown for the following MEASure command:

MEASure:FREQuency?[{<expected>|MINimum|MAXimum|DEFault}
[,{<resolution>|MINimum|MAXimum|DEFault}]][,<channel>]]

The programming conventions are as follows.

Command Keywords and Abbreviated Commands

Command keywords (e.g. MEASure, FREQuency?) are separated by a colon (:). 

Upper case letters indicate the abbreviated spelling of the keyword or parame-

ter. Either the abbreviated form or the entire command/parameter must be 

used. 

Optional Keywords and Parameters

Optional (implied) keywords and parameters are indicated by square brackets 

(e.g. [,<channel>]) and are not included when the command is sent. If an 

optional parameter is not specified, a default value is used.

Separating Commands and Parameters and Linking SCPI Commands

A space must separate the last keyword and the first parameter. Commas (,) 

separate multiple parameters. The ‘@’ symbol must precede each counter 

channel number and parentheses must enclose each channel:

MEAS:FREQ:RAT?5E6,(@2),(@1)
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Multiple Subsystems To send multiple SCPI commands in a single string, 

commands within different subsystems (root nodes) must be separated by a 

semicolon (;) and a colon (:). For example, the string:

INP:COUPAC;:TRIG:SOUREXT

requires a semicolon and a colon because the subsystems/root nodes (INPut 

and TRIGger) are not the same. 

Same Subsystem For commands that share the same subsystem, multiple 

commands can also be sent in a single string. The first command references 

the root node, and subsequent commands separated by semicolons, are refer-

enced to the same level as the previous command. As an example, the com-

mand sequence representing the CALCulate2 subsystem:

CALC2:TRAN:HIST:STATON
CALC2:TRAN:HIST:POIN15
CALC2:TRAN:HIST:RANG:AUTOON
CALC2:TRAN:HIST:RANGe:AUTO:COUNt300

can be sent in a string as:

CALC2:TRAN:HIST:STATON;POIN15;RANG:AUTOON;AUTO:COUN300

Separate Command Lines or Strings? Sending commands in a single string 

rather than in separate command lines can eliminate “settings conflict” errors. 

When sent on separate lines, the counter checks for errors as each command 

(line) is parsed. When sent as a string, the entire string is parsed before error 

conditions are checked.

Linking IEEE 488-2 Common Commands and SCPI Commands

In a command string containing both IEEE 488.2 common commands (e.g. 

*RST, *WAI, *OPC?) and SCPI instrument commands, the common commands 

are separated from the SCPI commands by a semicolon (;). An example is 

shown in the following string:

CALC:STATON;AVER:STATON;:INIT;*WAI;:CALC:AVER:AVER?
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The MEASure and CONFigure Commands

Each time the counter takes a measurement it does so from a configuration

based on multiple parameters. The easiest and most common starting point 

for setting these parameters programmatically is using commands within the 

CONFigure and MEASure subsystems. These commands are considered 

“high-level” commands as multiple counter parameters are set or defaulted 

from a single command. “Low-level” commands are those within other sub-

systems (i.e. INPut, TRIGger, SENSe) that allow you to change a parameter 

value from that set, or defaulted to, using CONFigure or MEASure.

Executing commands from the CONFigure and MEASure subsystems is equiv-

alent to setting parameters individually using the commands/subsystems 

shown in Table 3-2.

Table 3-2. Counter Configuration using CONFigure and MEASure

Parameter CONFigure/MEASure Setting Low-Level Command/Subsystem

Input range,low-passfiltering,coupling,imped-

anceandnoiserejectionareunchangedfrom

previousortheirpower-onsettings.

INPut{1|2}:RANGe

INPut{1|2}:FILTer

INPut{1|2}:COUPling

INPut{1|2}:IMPedance

INPut{1|2}:NREJect

Measurement Mode AUTOforfrequency,frequencyratio,average

period,PRF,orPRImeasurements.

Unchangedforallothers.

SENSe:FREQuency:MODE

Triggersource IMMediate TRIGger:SOURce

Triggerslope NEGative TRIGger:SLOPe

Triggerdelay 0.0 seconds TRIGger:DELay

Triggercount 1 trigger TRIGger:COUNt

Samplecount 1 sample SAMPle:COUNt
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Parameter CONFigure/MEASure Setting Low-Level Command/Subsystem

GATESource Basedonmeasurementfunctionspecifiedby

theCONFigureorMEASurecommand.

SENSe:FREQuency:GATE:SOURce

SENSe:TINTerval:GATE:SOURce

SENSe:TOTalize:GATE:SOURce

GATEStartSource IMMediate SENSe:GATE:STARt:SOURce

GATEStartSlope NEGative SENSe:GATE:STARt:SLOPe

GATEStartDelay TIME 

0.0 seconds

SENSe:GATE:STARt:DELay:SOURce

SENSe:GATE:STARt:DELay:TIME

GATEStopSource IMMediate SENSe:GATE:STOP:SOURce

GATEStopHoldoff TIME

0.0 seconds

SENSe:GATE:STOP:HOLDoff:SOURce

SENSe:GATE:STOP:HOLDoff:TIME

GATEStopSlope NEGative SENSe:GATE:STOP:SLOPe

ExternalGateSource GateIn/OutBNC OUTPut:STATe

BurstGateAuto On(enabled) SENSe:FREQuency:BURSt:GATE:AUTO

BurstGateDelay 0.0 seconds SENSe:FREQuency:BURSt:GATE:DELay

BurstGateTime 1.0 us SENSe:FREQuency:BURSt:GATE:TIME

NarrowPulseMode Off (disabled) SENSe:FREQuency:BURSt:GATE:NARRow

Math

Graphics
Disabled,includingtheindividualcalculate

functions.Otherparametersareunchanged.

CALCulate1subsystem

CALCulate2subsystem

Auto-levelFrequency Unchanged SYSTem:ALEVel:FREQuency

MeasurementTimeout Unchanged SYSTem:TIMeout

Referenceoscillator Unchangedfromprevioussettings. SENSe:ROSCillator:SOURce

SENSe:ROSCillator:SOURce:AUTO

SENSe:ROSCillator:EXTernal:FREQuency

ReadingFormat

DataStorage

InstrumentStatus

Unchangedfromprevioussettings.

Unchangedfromprevioussettings.

Unchangedfromprevioussettings.

FORMatSubsystem

DATASubsystem

STATusSubsystem
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Using MEASure

Measurements using commands from the MEASure subsystem are made as the 

command is executed, and are based on parameters specified within the syn-

tax. The results are sent to the instrument’s output buffer.

For example, the MEASure command:

MEAS:FREQ?60.0,1e-3,(@1)

takes a single measurement with five digit (1 mHz) resolution of an expected 

60 Hz signal on channel 1. All other counter parameters (input configuration, 

trigger sources, etc.), are set to values predefined for the given MEASure com-

mand, or remain unchanged from previously programmed values. 

Because the measurement is taken immediately, changes to the counter config-

uration are limited to the parameters within the command.

Using CONFigure

Measurements using commands from the CONFigure subsystem allow the use 

of low-level commands to change counter parameters before the measurement 

is taken. For example, assume the following configuration is required:

• frequency measurement

• external trigger - positive slope

• trigger count = 2

• sample count (readings per trigger) = 5

• gate time = 5 ms

The MEASure:FREQuency? command cannot be used since it immediately 

triggers a measurement after setting the trigger source to ‘internal’, the trigger 

count to ‘1’, and the sample count to ‘1’. The gate time is set to 0.1 seconds. 
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Using CONFigure and the appropriate low-level commands, the configuration 

can be changed before the measurement is initiated (the abbreviated form of 

the SCPI commands are shown):

//configurecounterforfrequencymeasurements
//changeparametervaluesfromthosesetbyCONFigure
CONF:FREQ1.0E6,(@2)

TRIG:SOUREXT
TRIG:SLOPPOS
TRIG:COUN2
SAMP:COUN5
SENS:FREQ:GATE:TIME0.005
SENS:FREQ:GATE:SOURTIME 

INIT

Using CONFigure?

The following command:

CONFigure?

returns the measurement function configured by the last CONFigure or 

MEASure? command sent to the instrument. Sending CONFigure? after 

power is cycled generates a settings conflict error until CONFigure or 

MEASure? is sent.

For example:

CONF:FREQ1.0E6,(@2)
CONF?

returns (including quotes):

"FREQ+1.00000000000000E+006,+1.00000000000000E-004,(@2)"

which includes the function, expected value, (calculated) resolution, and 

channel. If a channel number is not specified in the CONFigure or MEASure 

command, no channel is included in the return string.
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Frequency and Period Measurements

The 53220A/53230A measurements covered in this section include frequency, 

frequency ratio, and period. 

Frequency 

A standard frequency measurement is shown in Figure 3-2. 

Figure 3-2. Standard Frequency Measurement. 

NOTE The SCPI commands listed in these examples are provided as an introduction to 

how frequency measurements are made. Commands may be included even 

though they specify default values - but which should be considered when modify-

ing the examples for actual use. Refer to the ‘Programmer’s Reference’ on the 

Agilent 53210A/53220A/ 53230A Product Reference CD for additonal informa-

tion. 

+width

- width

tr tf

frequency

10

90
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The commands used to make frequency measurements are:

MEASure:FREQuency?[{<expected>|MINimum|MAXimum|DEFault}
[,{<resolution>|MINimum|MAXimum|DEFault}]][,<channel>]

CONFigure:FREQuency[{<expected>|MINimum|MAXimum|DEFault}
[,{<resolution>|MINimum|MAXimum|DEFault}]][,<channel>]

-expected is the expected input signal frequency. resolution is the 

desired measurement resolution in hertz. The parameter ranges are:

expected (channels 1 and 2): 0.1 Hz - 350 MHz (default = 10 MHz)

expected (channel 3 Option 106): 100 MHz - 6.0 GHz (default = 500 MHz)

expected (channel 3 Option 115): 300 MHz - 15 GHz (default = 500 MHz)

resolution (all channels): 1.0E-15 * expected to 1.0E-5* expected 

(default resolution corresponds to a 0.1s gate time)

- channel is counter channel 1, 2, or 3 specified as (@1), (@2), or (@3).

Frequency Measurement Examples

//usingMEASure?-measure20MHzsignalwith0.1Hz
//resolution
*RST //resettostartfromknownstate
MEAS:FREQ?20E6,0.1,(@1)
------------------------------------------------------
//usingCONFigure-measure20MHzsignalwith
//0.1Hzresolution,take10readings
*RST //resettostartfromknownstate
CONF:FREQ20E6,0.1,(@1)

SAMP:COUN10 //take10readings
READ?

Notes

1. See Chapter 5 for information on triggering and number of readings per trig-

ger (sample count).
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Frequency Ratio

A frequency ratio measurement is the measurement of two signals in which 

one signal generally serves as a reference (Figure 3-3). The signals can be dif-

ferent wave shapes and applied to any 2-channel combination on the counter.

Figure 3-3. Ratio of Two Input Signal Measurements.

The commands used to make frequency ratio measurements are:

MEASure:FREQuency:RATio?[{<expected>|MINimum|MAXimum|
DEFault}[,{<resolution>|MINimum|MAXimum|DEFault}]]
[,<channel_pair>]

CONFigure:FREQuency:RATio[{<expected>|MINimum|MAXi-
mum|DEFault}[,{<resolution>|MINimum|MAXimum|DEFault}]]
[,<channel_pair>]

-expected is the expected ratio of the two input signals. resolution is 

the desired resolution of the ratio measurement. The parameter ranges are:

expected (Ch1/Ch2, Ch2/Ch1): 2.8E-10 to 3.5E+9

expected (Ch1/Ch3, Ch2/Ch3 - Option 106): 1.6E-11 to 3.5

expected (Ch1/Ch3, Ch2/Ch3 - Option 115): 6.6E-12 to 1.2

numeratorchannel
f1

denominatorchannel
f2
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expected (Ch3/Ch1, Ch3/Ch2 - Option 106): 0.28 to 6.0E10

expected (Ch3/Ch1, Ch3/Ch2 - Option 115): 0.85 to 15.0E10

resolution (all channels): 1.0E-15 * expected to 1.0E-5* expected 

(default resolution corresponds to a 0.1s gate time)

-channel_pair settings are (@1),(@2)|(@2),(@1)|(@1),(@3)|

(@3),(@1)|(@2),(@3)|(@3),(@2). Within the pair, the first channel rep-

resents the ratio’s numerator and the second channel represents the ratio’s 

denominator. The default channel_pair is (@1),(@2).

Frequency Ratio Examples

//usingMEASure?-ratiomeasurementexpectinga1:1
//ratio,set6digitsofresolutionofratiomeasurement
*RST //resettostartfromknownstate
MEAS:FREQ:RAT?1,1.0E-6,(@1),(@2)
-------------------------------------------------------

//usingCONFigure-ratiomeasurementexpectinga1:1
//ratio,set9digitsofratioresolution
*RST //resettostartfromknownstate
CONF:FREQ:RAT1,1.0E-9,(@1),(@2)

INP:LEV1.5 //seta1.5Vthresholdlevel(ch.1)
INP2:LEV1.5 //seta1.5Vthresholdlevel(ch.2)

READ?

Notes

1. The digits of resolution in the above ratio measurements is set by the resolu-

tion parameter (1.0E-6, 1.0E-9). In effect, the exponent corresponds to the 

number of digits. See “Frequency Measurements” in Chapter 5 for information 

on the relationship between gate time and reading resolution.

2. See Chapter 4 for additional information on counter threshold levels and on 

configuring the input signal path.
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Period

A standard period measurement is shown in Figure 3-4. 

Figure 3-4. Standard Period Measurement. 

The commands used to make period measurements are:

MEASure:PERiod?[{<expected>|MINimum|MAXimum|DEFault}
[,{<resolution>|MINimum|MAXimum|DEFault}]][,<channel>]

CONFigure:PERiod[{<expected>|MINimum|MAXimum|DEFault}
[,{<resolution>|MINimum|MAXimum|DEFault}]][,<channel>]

-expected is the expected input signal period. resolution is the desired 

measurement resolution in seconds. The parameter ranges are:

expected (channels 1 and 2): 2.8 nsec to 10 sec (default = 100 nsec)

expected (channel 3 Option 106): 160 psec to 10 nsec (default = 2 nsec)

expected (channel 3 Option 115): 66 psec to 3.33 nsec (default = 2 psec)

+width

- width

tr tf

period

10

90
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resolution (all channels): 1.0E-15 * expected to 1.0E-5* expected 

(default resolution corresponds to a 0.1s gate time)

- channel is counter channel 1, 2, or 3 specified as (@1), (@2), or (@3).

Period Measurement Examples

//usingMEASure?-measuretheperiodofa100ns(10MHz)
//signalwith12-digitresolution
*RST //resettostartfromknownstate
MEAS:PER?100E-9,1E-12,(@1)
----------------------------------------------------------

//usingCONFigure-measuretheperiodofa100ns(10MHz)
//signalwith12-digitresolution
*RST  //resettostartfromknownstate
SYST:TIM1.0 //1smeasurementtimeout(permeas)
CONF:FREQ100E-9,1E-12,(@1)

SAMP:COUN10 //take10readings
READ?

Notes

1. See Chapter 5 for information on triggering and number of readings per trig-

ger (sample count).

2. See Chapter 4 for additional information on counter threshold levels and on 

configuring the input signal path.
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Time Stamp

Time stamp measurements record events (edges) as they occur on the counter 

input channels. An example of time stamp measurements between the edges of 

an input waveform is shown in Figure 3-5. (Time stamp measurements are 

available with the 53230A only.)

Figure 3-5. Time Stamp Events on the Counter Channel.

event

timestamp timestamp...

scalefactor=2

scalefactor=1 scalefactor=10

timestamp
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The commands used to make time stamp measurements are:

MEASure:ARRay:TSTamp?[(<count>)[,<channel>]]

CONFigure:ARRay:TSTamp[(<count>)[,<channel>]]

[SENSe:]TSTamp:RATE{<rate>|MINimum|MAXimum|DEFault}
[SENSe:]TSTamp:RATE?[{MINimum|MAXimum|DEFault}]

(queryform)

-(count)is the number of time stamp measurements returned (read-

ings/trigger). Parentheses must enclose the count. A scale factor is included 

with the data, so count+1 elements are actually returned. Note that the 

TRIGger:COUNt is always ‘1’ for each READ? or INITiate command issued.

- channel is counter channel 1, 2, or 3 specified as (@1), (@2), or (@3).

- rate is the rate at which time stamp readings are generated. rate values are 

10.0E3, 100E3, 800E3, and 1.0E6. The actual rate depends on the frequency of 

the input signal. Following a reset (*RST) or instrument preset (SYSTem:PRE-

set or Preset key), the rate is set to 1.0E6.

Time Stamp Measurement Example

//configurethecounterfor200timestampmeasurements
*RST  //resettostartfromknownstate
SYST:TIM1.0 //1smeasurementtimeout
CONF:ARR:TST(200),(@1)
INP:COUPDC //setDCcoupling
INP:IMP50 //set50ohmsimpedance

INP:LEV1 //seta1Vlevelthreshold
INP:SLOPPOS //timestamppositiveedges
SENS:TST:RATE1E6 //1MHztimestamprate
INIT //initiateandtakereadings
*WAI //waitforreadingstocomplete
//transferreadingsfromreadingmemorytoafileinthe
//rootfolderontheUSBstoragedevice
MMEM:STOR:DATARDG_STORE,"USB:\ts_data.csv"
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Notes

1. In the example, 200 time stamp readings are taken at a 1 MHz rate and 

stored in the counter’s reading memory. The readings are then stored on a 

USB drive connected to the counter’s front panel “host” port as comma-sepa-

rated values (CSV), in one measurement per line ASCII format. 

2. The data returned with time stamp measurements include a scale factor fol-

lowed by the time stamp values (in seconds) themselves. The scale factor, 

which is the number of input cycles per time stamp, increases as the frequency 

of the input signal becomes greater than the time stamp rate specified. Time 

stamp values will either be the signal period itself (scale factor = 1 for input 

frequencies < the time stamp rate), or the signal period multiplied by the scale 

factor.

For example, a 10 MHz input signal and a 1 MHz time stamp rate might have a 

scale factor of 11. The data for this measurement would be represented as:

1.10000000E+01 (scale factor: 11 cycles per time stamp)

1.10077637E-06 (1st time stamp = signal period x scale factor)

1.09963867E-06 (2nd time stamp = signal period x scale factor)
1.10005859E-06 .
1.09999023E-06 .
1.09988770E-06 .
1.10017578E-06 .

Dividing a time stamp value by the scale factor returns the input signal 

period (e.g. 1.10077637E-06/11=1.00070579E-7). 

3. See Chapter 4 for additional information on counter threshold levels and on 

configuring the input signal path.

4. See Chapter 7 for information on data flow, reading memory, and on creat-

ing data files.
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Time Interval Measurements

The 53220A/53230A time interval measurements covered in this section 

include one and two channel time interval, rise/fall time, pulse width, duty 

cycle, phase, and single period. 

Time Interval

NOTE The SCPI commands listed in these examples are provided as an introduction to 

how time interval measurements are made. Commands may be included even 

though they specify default values - but which should be considered when modify-

ing the examples for actual use. Refer to the ‘Programmer’s Reference’ on the 

Agilent 53210A/53220A/ 53230A Product Reference CD for additonal informa-

tion.

For further information on time interval measurements, see Application Note 

200-3 “Fundamentals of Time Interval Measurements” also included on the CD.
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A time interval measurement is the difference between two events, or edges, 

on different waveforms or on the same waveform. A typical two-channel time 

interval measurement is shown in Figure 3-6. 

Figure 3-6. 2-Channel Time Interval Measurement. 

The commands used to make time interval measurements are:

MEASure:TINTerval?[<channel_pair>]

CONFigure:TINTerval[<channel(s)>]

-channel_pairare channels in the form: (@1),(@2)|(@2),(@1)

-channel(s)can be a channel pair or single channel in the form:

(@1),(@2)|(@2),(@1)|(@1)|(@2)

The input channel(s) are (default) configured for auto-leveling at 50% with a 

positive slope. 

When configuring time interval measurements consider the start or stop input 

thresholds, input slope, or gate stop hold off settings:

Ch.2

Ch.1

timeinterval

twochannel
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INPut{1|2}:LEVel{1|2} or INPut{1|2}:LEVel{1|2}:RELative 

INPut{1|2}:SLOPe{1|2}

SENSe:GATE:STOP:HOLDoff:SOURce

Measurements taken without changing at least one of these settings could 

result in values of approximately 0 seconds, as the measurement starts and 

stops on the same edge (slope) at approximately the same time.

2-Channel Time Interval Measurement Example

//useCONFiguretosetupa2-channeltimeinterval
//measurement-startonch.1,stoponch.2

*RST //resettostartfromknownstate
SYST:TIM5.0 //seta5smeasurementtimeout
CONF:TINT(@1),(@2) //configure2-chmeasurement

INP1:LEV:AUTOON //enableauto-levelonch.1
INP2:LEV:AUTOON //enableauto-levelonch.2
INP1:LEV1:REL10 //setch.1thresholdlevelto10%
INP2:LEV1:REL10 //setch.2thresholdlevelto10%
INP1:SLOPPOS //startmeasonch.1risingedge
INP2:SLOPPOS //stopmeasonch.2risingedge
SENS:GATE:STOP:HOLD:SOURTIME //holdoffgateclose
SENS:GATE:STOP:HOLD:TIME200E-9//holdofffor200ns
SENS:GATE:STAR:SOURIMM//startmeaswhengaterec’d
SENS:GATE:STOP:SOURIMM//stopmeaswhenholdoffdone

SENS:TINT:GATE:SOURADV //enablegatesettings
READ?

Notes

1. Auto-level is enabled on both channels to specify relative threshold levels of 

10% of the peak-to-peak signal level. The measurement starts on a positive (ris-

ing) edge on channel 1, and stops on a positive edge on channel 2.

2. A gate stop hold off is specified to select the desired rising edge on channel 

2 and, therefore, the interval to be measured.
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3. See Chapter 4 for information on input threshold levels and slope, and 

Chapter 5 for advanced gating information. 

Single-Channel Time Interval Measurement

The following example shows a single channel time interval measurement on a 

signal with the characteristics shown in Figure 3-7.

Figure 3-7. Single Channel Time Interval Measurement.

//configureatimeintervalmeasurementonch.1.Use
//defaultsassetbyCONFigureexceptforthosesetas
//shown
*RST //resettostartfromknownstate
CONF:TINT(@1)

INP:COUPAC //setACcoupling
INP:IMP50 //setinputimpedanceto50ohm
INP:LEV11.0 //setstartthresholdto1V
INP:LEV21.0 //setstopthresholdto1V
INP:SLOP1POS //setstartslopetopositive(rising)
INP:SLOP2NEG //setstopslopetonegative(falling)

READ? //initiatecounterandtakereading

Notes

1. Input coupling and impedance are set to assure the intended start and stop 

trigger thresholds as the thresholds are specified as absolute values. The mea-

surement starts on the positive (rising) edge on channel 1, and stops on the 

negative (falling) edge.

4Vp-p

1V
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Rise Time and Fall Time

An example of rise and fall times on an input signal are shown in Figure 3-8. 

Figure 3-8. Rise Time and Fall Time Measurements. 

The commands used to make rise and fall time measurements are:

MEASure:RTIMe?[{<lower_ref>|MINimum|MAXimum|DEFault}
[,{<upper_ref>|MINimum|MAXimum|DEFault}]][,<channel>]

CONFigure:RTIMe[{<lower_ref>|MINimum|MAXimum|DEFault}
[,{<upper_ref>|MINimum|MAXimum|DEFault}]][,<channel>]

+width

- width

frequency

tr tf

10

90
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MEASure:FTIMe?[{<lower_ref>|MINimum|MAXimum|DEFault}
[,{<upper_ref>|MINimum|MAXimum|DEFault}]][,<channel>]

CONFigure:FTIMe[{<lower_ref>|MINimum|MAXimum|DEFault}
[,{<upper_ref>|MINimum|MAXimum|DEFault}]][,<channel>]

- lower_ref and upper_ref specify the input signal reference level, either in 

terms of percent of peak-to-peak voltage, or in absolute voltage.  To specify 

rise or fall time percentage levels from 10% to 90%, use a numeric value with 

no suffix or with the suffix PCT (e.g. 30 or 30 PCT).  

To specify rise or fall time levels in absolute voltage within the ranges:

5.125V range: -5.125V to +5.125V

51.25V range: -51.25V to +51.25V

use a numeric value with the V or MV (millivolt) suffix: 100 MV or .1V (spaces 

allowed).

If either lower_ref or upper_ref is omitted or specified in percent, 

auto-leveling is enabled. If specified in absolute voltage, auto-leveling is dis-

abled

- channel is counter channel 1 or 2 specified as (@1) or (@2). 

Rise and Fall Time Measurement Examples

//usingMEASure?-measurerisetimeusing20%and80%
//references
*RST //resettostartfromknownstate
MEAS:RTIM?20,80,(@2)
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//usingCONFigure-measurerisetimeonthewavesegment
//from-1.75Vto+750mV
*RST //resettostartfromknownstate
CONF:RTIM-1.75V,750MV,(@1)

INP:COUPDC //setACcoupling
INP:IMP50 //setinputimpedanceto50ohm

READ?
----------------------------------------------------------
//usingMEASure?-measurefalltimeusing15%and65%
//references
*RST //resettostartfromknownstate
MEAS:FTIM?15PCT,65PCT,(@2)
----------------------------------------------------------

//usingCONFigure-measurefalltimeonthewavesegment
//from+1.25Vto-1.4V
*RST //resettostartfromknownstate
CONF:FTIM-1.4V,1.25V,(@1)

INP:COUPDC //setDCcoupling
INP:IMP50 //setinputimpedanceto50ohm

READ?

Notes

1. Lower and upper references can be specified as percentages or as absolute 

levels in either the CONFigure or MEASure? command. For either rise time or 

fall time measurements, the lower reference is specified first.

2. Absolute references are relative to the amplitude of the signal and must take 

into consideration the counter’s input coupling and impedance settings.

3. See Chapter 4 for information on configuring the input signal path which 

includes coupling and impedance. 
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Pulse Width

An example of positive and negative pulse widths are shown in Figure 3-9. 

Figure 3-9. Positive and Negative Pulse Width Measurements. 

The commands used to make positive and negative pulse width measurements 

are:

MEASure:PWIDth?[{<reference>|MINimum|MAXimum|DEFault}]
[,<channel>]

CONFigure:PWIDth[{<reference>|MINimum|MAXimum|DEFault}]
[,<channel>]

+width

- width

frequency

tr tf

10

90
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MEASure:NWIDth?[{<reference>|MINimum|MAXimum|DEFault}]
[,<channel>]

CONFigure:NWIDth[{<reference>|MINimum|MAXimum|DEFault}]
[,<channel>]

- reference specifies the threshold level where the width measurement 

begins. For positive width measurements, the level at which the signal passes 

through the threshold in the positive (rising) direction and again in the nega-

tive (falling direction) defines the positive width. Similarly, the level at which 

the signal passes through the threshold in the negative (falling) direction and 

again in the positive (rising) direction defines the negative width. 

To specify a threshold level from 10% to 90% of the peak-to-peak input volt-

age, use a numeric value with no suffix or with the suffix PCT (e.g. 30 or 

30 PCT).  

To specify a threshold level in absolute voltage within the ranges:

5.125V range: -5.125V to +5.125V

51.25V range: -51.25V to +51.25V

use a numeric value with the V or MV (millivolt) suffix: 100 MV or .1V (spaces 

allowed).

If reference is omitted or specified in percent, auto-leveling is enabled. If 

specified in absolute voltage, auto-leveling is disabled

- channel is counter channel 1 or 2 specified as (@1) or (@2). 

Positive and Negative Pulse Width Measurement Examples

//usingMEASure?-measurepositivewidthata50%(0V)
//reference
*RST //resettostartfromknownstate
MEAS:PWID?50,(@1)
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//usingCONFigure-measurepositivewidthata1.0V
//reference
*RST //resettostartfromknownstate
CONF:PWID1.0V,(@1)

INP:COUPDC //setDCcoupling
INP:IMP50 //setinputimpedanceto50ohm

READ?

---------------------------------------------------------
//usingCONFigure-measurenegativewidthat-500mV
//reference
*RST //resettostartfromknownstate
CONF:NWID-500MV,(@1)

INP:COUPDC //setDCcoupling
INP:IMP50 //setinputimpedanceto50ohm

READ?

Notes

1. The reference (threshold) can be specified as a percentage of the 

peak-to-peak amplitude or as an absolute level in either the CONFigure or 

MEASure? command. 

2. Absolute references are relative to the amplitude of the signal and must take 

into consideration the counter’s input coupling and impedance settings.

3. See Chapter 4 for information on configuring the input signal path which 

includes coupling and impedance. 
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Duty Cycle

Positive and negative duty cycle measurements are the ratio of the positive or 

negative widths to the period of the signal (Figure 3-10). 

Figure 3-10. Positive and Negative Duty Cycle Measurements. 

The commands used to make positive and negative duty cycle measurements 

are:

50%

+dutycycle

- dutycycle

20%

80%

period
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MEASure:PDUTycycle?[{<reference>|MINimum|MAXimum|
DEFault}][,<channel>]

CONFigure:PDUTycycle[{<reference>|MINimum|MAXimum|
DEFault}][,<channel>]

MEASure:NDUTycycle?[{<reference>|MINimum|MAXimum|
DEFault}][,<channel>]

CONFigure:NDUTycycle[{<reference>|MINimum|MAXimum|
DEFault}][,<channel>]

- reference specifies the threshold level where the duty cycle measurement 

begins. For positive duty cycle measurements, the level at which the signal 

passes through the threshold in the positive (rising) direction and again in the 

negative (falling direction) defines the positive duty cycle. Similarly, the level 

at which the signal passes through the threshold in the negative (falling) direc-

tion and again in the positive (rising) direction defines the negative duty cycle. 

To specify a threshold level from 10% to 90% of the peak-to-peak input volt-

age, use a numeric value with no suffix or with the suffix PCT (e.g. 30 or 

30 PCT).  

To specify a threshold level in absolute voltage within the ranges:

5.125V range: -5.125V to +5.125V

51.25V range: -51.25V to +51.25V

use a numeric value with the V or MV (millivolt) suffix: 100 MV or .1V (spaces 

allowed).

If reference is omitted or specified in percent, auto-leveling is enabled. If 

specified in absolute voltage, auto-leveling is disabled

- channel is counter channel 1 or 2 specified as (@1) or (@2). 
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Positive and Negative Duty Cycle Measurement Examples

//usingMEASure?-measurethepositivedutycycleata
//50%(0V)reference
*RST //resettostartfromknownstate
MEAS:PDUT?50,(@1)

//usingCONFigure-measurethepositivedutycycleata
//-1.0Vreference
*RST //resettostartfromknownstate
CONF:PDUT-1.0V,(@1)

INP:COUPDC //setDCcoupling
INP:IMP50 //setinputimpedanceto50ohm

READ?
---------------------------------------------------------

//usingCONFigure-measurethenegativedutycycleata
//50%(0V)reference
*RST //resettostartfromknownstate
CONF:NDUT50PCT,(@1)

TRIG:SOUREXT //setanexternaltriggersource
INIT

Notes

1. The reference (threshold) can be specified as a percentage of the 

peak-to-peak amplitude or as an absolute level in either the CONFigure or 

MEASure? command. 

2. Absolute references are relative to the amplitude of the signal and must take 

into consideration the counter’s input coupling and impedance settings.

3. The measured duty cycle is a decimal representation of the ratio. For exam-

ple, a 5% duty cycle reading might appear in the counter output buffer as: 

+5.105095730909666E-002

The same reading would appear in the display as:5.1Pct.
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4. See Chapter 4 for information on configuring the input signal path and 

Chapter 5 for information on Triggering. 

Phase

Phase measurements indicate the phase difference or shift between signals on 

counter channels 1 and 2 (Figure 3-11). 

Figure 3-11. Phase Measurement Between Two Channels. 

phase
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The commands used to make phase measurements are:

MEASure:PHASe?[<channel_pair>]

CONFigure:PHASe[<channel_pair>]

FORMat:PHASe{AUTO|POSitive|CENTered}
FORMat:PHASe? (queryform)

- channel_pairsettings are (@1),(@2)and (@2),(@1). The first channel 

of the pair is relative to the second channel. 

- AUTO automatically selects whether the phase difference will be returned as 

a positive value between 0° and 360°, or a positive or negative value between 

+180°.

- POSitive returns the measured phase difference as a positive value 

between 0° and 360°.

- CENTered returns the measured phase difference as a positive or negative 

value between +180°.

Phase Measurement Examples

//usingMEASure?-measurethephasedifferencebetween
//channels1and2
*RST //resettostartfromknownstate
FORM:PHASCENT //displayresultasposorneg
MEAS:PHAS?(@1),(@2)

---------------------------------------------------------------------------------------------------------
//usingCONFigure-measurethephasedifferencebetween
//channels1and2,displayresultasavaluebetween0and
//360degrees
*RST //resettostartfromknownstate
CONF:PHAS(@1),(@2)

FORM:PHASPOS//displayresultasapositivevalue
READ?
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Notes

1. If the phase format is CENTered, a typical phase measurement for signals 

270° out of phase for example, could be -9.10799485574691E+001. If the 

format was POSitive, the phase difference measured might typically be 

+2.68904450044343E+002. 

2. Phase measurements represent the signal phase of the first channel relative 

to the second channel in the pair. For example, if the phase format is 

CENTered and the signal on channel 2 is delayed for a period equivalent to 

90°, the measurement will be 90° for the channel pair (@1),(@2). If under 

the same signal conditions the channel pair were specified as (@2),(@1), the 

measurement would be -90 degrees. 

Single-Period

A form of time interval measurement - the single-period measurement, is 

based on a single waveform cycle. Single-period measurements provide mea-

surement of “single-shot” or one cycle events; and allow analysis of signal 

characteristics (e.g. jitter) that would otherwise be averaged out with standard 

(averaging) period measurements. 

The commands used to make single-period measurements are:
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MEASure:SPERiod?[<channel>]

CONFigure:SPERiod[<channel>]

- channel is counter channel 1 or 2, specified as (@1) or (@2).

Single-Period Measurement Examples

//usingMEASure?-makeasingle-periodmeasurementon
//channel1
*RST //resettostartfromknownstate
MEAS:SPER?(@1)
---------------------------------------------------------

//usingCONFigure-makeasingle-periodmeasurementon
//channel1;startmeasurementwhensignalreaches1.5V
//threshold
*RST //resettostartfromknownstate
CONF:SPER(@1)

INP:LEV1.5 //set1.5Vthresholdlevel
READ?

Notes

1. For period-averaging measurements rather than single-period measure-

ments, use the MEASure:PERiod? or CONFigure:PERiod commands.

2. Setting an absolute threshold level disables the counter’s auto-level func-

tion. CONFigure and MEASure enable auto-leveling at 50% (0V). 

3. See Chapter 4 for information on input signal conditioning, including 

threshold level and sensitivity.
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Totalizing Measurements

The 53220A/53230A measurements covered in this section include gated and 

continuous totalizing measurements. 

Gated

Gated (timed) totalizing measurements count events (edges) that occur on the 

channel over a specified period. 

The relationship of the gate to the period input events are totalized is shown in 

Figure 3-12.

NOTE The SCPI commands listed in these examples are provided as an introduction to 

how totalizing measurements are made. Commands may be included even though 

they specify default values - but which should be considered when modifying the 

examples for actual use. Refer to the ‘Programmer’s Reference’ on the Agilent 

53210A/53220A/ 53230A Product Reference CD for additonal information. 
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Figure 3-12. Gated and Continuous Totalizing.

The commands used to make gated (timed) totalizing measurements are:

MEASure:TOTalize:TIMed?[{<gate_time>|MINimum|MAXimum|
DEFault}][,<channel>]

CONFigure:TOTalize:TIMed[{<gate_time>|MINimum|MAXimum|
DEFault}][,<channel>]

- gate_time specifies the time input events on the counter channel are total-

ized. The range for gate_time is:

53220A: 100 µs to 1000s (10 µs resolution) or +9.9E+37 (INFinity)

53230A: 1µ to 1000s (1 µs resolution) or +9.9E+37 (INFinity)

The default gate_time for both instruments is 0.100s.

- channel is counter channel 1 or 2, specified as (@1) or (@2).

Gateopen Gateclosed

gate

input

gatetime

...

events

(gated)

(continuous)
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Gated Totalize Measurement Examples

//usingMEASure?-totalizeinputsonchannel1for10us
*RST //resettostartfromknownstate
MEAS:TOT:TIM?10e-6,(@1)
------------------------------------------------------

//usingCONFigure-totalizeinputsonchannel1for1s;
//usesamesignalasgatesignal(applytochannel2)
*RST //resetthecountertostartfromaknownstate
SYST:TIM3 //3smeasurementtimeout
CONF:TOT:TIM(@1)

INP1:LEV0.0 //setcountthresholdto0V
INP1:SLOPPOS //countpositiveedges

INP2:LEV0.0 //setgatethresholdto0V
SENS:GATE:STAR:SOUREXT //useexternalgatesignal
SENS:GATE:EXT:SOURINP2 //gateisextsignalonch.2
SENS:GATE:STAR:SLOPPOS //startgateonrisingedge
SENS:GATE:STOP:HOLD:SOURTIME //holdoffgateclose
SENS:GATE:STOP:HOLD:TIME1.0 //holdoffclosefor1s
SENS:TOT:GATE:SOURADV //enablegatesettings
INIT?

Notes

1. In the program above (using CONFigure), the input signal on channel 1 

whose events (edges) are totalized is also applied to channel 2 as the gate sig-

nal. 

Totalizing the positive edges begins on the same edge that opens the gate. A 

gate stop hold off is set to extend the gate. For totalize measurements, the 

holdoff starts when the gate opens. Setting a hold off of 1 second in effect, sets 

a 1 second gate time. If the gate stop was not held off, the gate would close 

after 1 event. 

2. See Chapter 5 for additional information on triggering and gating.
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Continuous

Continuous totalizing measurements count events (edges) that occur on the 

input channel. 

Similar to gated (timed) totalizing measurements, continuous measurements 

begin when the measurement gate is opened (Figure 3-12). Rather than totaliz-

ing for a specified gate time, continuous totalizing continues indefinitely until 

the measurement is aborted, or cleared and restarted from the front panel. 

The command used to make continuous totalizing measurements is: 

CONFigure:TOTalize:CONTinuous[<channel>]

- channel is counter channel 1 or 2, specified as (@1) or (@2). (There is no 

equivalent MEASure? command for continuous totalizing measurements.)

The command:

[SENSe:]TOTalize:DATA?

can be used during continuous totalizing or with long gate times to read the 

current count. 
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Sending the command:

ABORt

aborts the measurement. 

Continuous Totalize Measurement

//setupcontinuoustotalizing,querythecountafter
//10seconds,abortthemeasurementafter10additional
//seconds
*RST //resetthecountertostartfromaknownstate
CONF:TOT:CONT(@1)

INP1:LEV1.0 //setlevelthresholdto1V
INP1:SLOPNEG //totalizenegativeedges
INIT //startthemeasurement

(wait 10 seconds)
SENS:TOT:DATA? //querycountafter10seconds

(wait 10 seconds)
SENS:TOT:DATA? //querycountafter20seconds
ABOR //stopmeasurement
FETC? //retrievefinalcount

Notes

1. Pressing Clear Count on the front panel will not clear or abort continuous 

measurements started from the LAN, USB, or GPIB interface. Pressing the 

Back/Local key, however, will clear the count when the instrument transfers 

from remote to local mode. 

2. Continuous totalizing must be aborted (stopped) before the count can be 

retrieved from the output buffer using the FETCh?, DATA:LAST?, 

DATA:REMove?, or R? command (Chapter 7).

3. The ABORt command sent from the remote interface or changing the 

counter function from the front panel stops continuous totalizing. 
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Burst Pulse Measurements

Microwave (burst) pulse measurements are available on channel 3 Option 106 

(6 GHz Microwave Input) or Option 115 (15 GHz Microwave Input) with pulse 

measurement Option 150. 

The pulse measurements covered in this section include: burst carrier fre-

quency, pulse repetition interval (PRI), pulse repetition frequency (PRF), posi-

tive (on) width, and negative (off) width. Figure 3-13 identifies these 

measurements within a burst signal.

NOTE The SCPI commands listed in these examples are provided as an introduction to 

how measurements involving microwave pulses are made. Commands may be 

included even though they specify default values - but which should be consid-

ered when modifying the examples for actual use. Refer to the ‘Programmer’s Ref-

erence’ on the Agilent 53210A/53220A/53230A Product Reference CD for 

additonal information.

For further information on microwave measurements, see Application Note 200-1 

“Fundamentals of Microwave Frequency Counters” also included on the CD.
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Figure 3-13. 53230A Microwave Pulse Measurements.

Carrier Frequency

The commands used to measure the carrier frequency of a burst pulse are:

MEASure:FREQuency:BURSt?[<channel>]

CONFigure:FREQuency:BURSt[<channel>]

- channel is optional channel 3 specified as (@3).

+widthburst(on)

- widthburst(off)

p-p

amplitude

- 6dB

PRI/PRF

burstcarrierfrequency
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Carrier Frequency Measurement Examples

//measurethecarrierfrequencyusingMEASure?andits
//defaultsettings
*RST //resettostartfromknownstate
MEAS:FREQ:BURS?(@3)
-----------------------------------------------------

//measurethecarrierfrequencyusingCONFigure,set
//automaticgateconfiguration
*RST //resettostartfromknownstate
CONF:FREQ:BURS(@3)

INP3:BURS:LEV-6 //setadetectorthresholdof-6dB
SENS:FREQ:BURS:GATE:NARROFF//narrowpulsemodeoff
SENS:FREQ:BURS:GATE:AUTOON //automaticgatesetup

READ?

Notes

1. See “Burst Measurement Detector Threshold” in Chapter 4 for information 

on setting the threshold for pulse measurements.

2. See “Burst Carrier Frequency Measurements” in Chapter 5 for information 

on narrow pulse mode and on automatic and manual gate control for carrier 

measurements.

Pulse PRI and PRF

The commands used to measure the pulse repetition interval (PRI) and pulse 

repetition frequency (PRF) (Figure 3-13) of a burst signal are:
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MEASure:FREQuency:PRI?[{<expected>|MINimum|MAXimum|
DEFault}[,{<resolution>|MINimum|MAXimum|DEFault}]]
[,<channel>]

CONFigure:FREQuency:PRI[{<expected>|MINimum|MAXimum|
DEFault}[,{<resolution>|MINimum|MAXimum|DEFault}]]
[,<channel>]

-expected is the expected interval. resolution is the desired measure-

ment resolution in seconds. The parameter ranges are:

expected: 100 ns to 1.0s (default = 0.001s)

resolution: 1.0E-15 * expected to 1.0E-5 * expected

(default resolution corresponds to a 0.1s gate time)

- channel is counter channel 3 specified as (@3).

MEASure:FREQuency:PRF?[{<expected>|MINimum|MAXimum|
DEFault}[,{<resolution>|MINimum|MAXimum|DEFault}]]
[,<channel>]

CONFigure:FREQuency:PRF[{<expected>|MINimum|MAXimum|
DEFault}[,{<resolution>|MINimum|MAXimum|DEFault}]]
[,<channel>]

- expected is the expected repetition frequency. resolution is the desired 

measurement resolution in hertz. The parameter ranges are:

expected: 1 Hz - 10 MHz (default = 1 kHz)

resolution: 1.0E-15 * expected to 1.0E-5 * expected

(default resolution corresponds to a 0.1s gate time)

- channel is counter channel 3 specified as (@3).
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PRI and PRF Examples

//measureanexpected1mspulserepetitionintervalwith

//6-digit(µs)resolution
*RST //resettostartfromknownstate
MEAS:FREQ:PRI?1E-3,.001,(@3)
---------------------------------------------------------

//measurethepulserepetitionintervalusingCONFigure,
//setthedetectorthresholdto-6dB
*RST //resettostartfromknownstate
CONF:FREQ:PRI1E-3,.001,(@3)

INP3:BURS:LEV-6 //setadetectorthresholdof-6dB
READ?

//measureanexpected1kHzpulserepetitionfrequency
//with6-digit(mHz)resolution
*RST //resettostartfromknownstate
MEAS:FREQ:PRF?1E3,.001,(@3)
---------------------------------------------------------
//measurethepulserepetitionfrequencyusingCONFigure,
//setthedetectorthresholdto-6dB
*RST //resettostartfromknownstate
CONF:FREQ:PRI1E3,.001,(@3)

INP3:BURS:LEV-6 //setadetectorthresholdof-6dB
READ?

Notes

1. See “Measurement Gate” in Chapter 5 for information on digits of resolution 

based on expected value and resolution parameter settings. 

2. See “Burst Measurement Detector Threshold” in Chapter 4 for information 

on setting the threshold for pulse measurements.
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Positive and Negative Widths

The commands used to measure the positive (on) width and negative (off) 

width of a burst pulse (Figure 3-13) are:

MEASure:PWIDth:BURSt?[<channel>]
CONFigure:PWIDth:BURSt[<channel>]

MEASure:NWIDth:BURSt?[<channel>]
CONFigure:NWIDth:BURSt[<channel>]

- channel is counter channel 3 specified as (@3).

Positive Width and Negative Width Examples

//measurethepositive(on)widthoftheburstsignal
*RST //resettostartfromknownstate
MEAS:PWID:BURS?(@3)

//measurethepositive(on)widthusingCONFigure,set
//a-12dBdetectorthreshold
*RST //resettostartfromknownstate
CONF:PWID:BURS(@3)

INP3:BURS:LEV-12 //setadetectorthresholdof-12dB
READ?

--------------------------------------------------------
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//measurethenegative(off)widthoftheburstsignal
*RST //resettostartfromknownstate
MEAS:NWID:BURS?(@3)

//measurethenegative(off)widthusingCONFigure,set
//a-12dBdetectorthreshold
*RST //resettostartfromknownstate
CONF:NWID:BURS(@3)

INP3:BURS:LEV-12 //setadetectorthresholdof-12dB
READ?

Notes

1. See “Burst Measurement Detector Threshold” in Chapter 4 for information 

on threshold settings and its relationship to positive and negative width mea-

surements. 

www.valuetronics.com



119

Agilent 53220A/53230A 350 MHz Universal Counter/Timer

User’s Guide

Agilent Technologies

4

53220A/53230A Input Signal 

Conditioning

Channel Characteristics 120

Signal Conditioning Path 120

Input Impedance 122

Input Range 124

Input Coupling 126

Bandwidth Limiting (Low-Pass) Filter 127

Threshold Level and Sensitivity 129

Burst Measurement Detector Threshold 136

Noise Rejection (Hysteresis) 137

Threshold Slope 139

Measuring Input Signal Levels and Signal Strength 140

This chapter contains information on configuring the input channels relative 

to the characteristics of the input signal expected. Configuration includes the 

channel’s impedance, range/probe factor, coupling, filtering, and threshold 

level/sensitivity settings.
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Channel Characteristics

There are two, plus an optional third input channel on the 53220A/53230A 

counter. Product Option 201 adds parallel (additional) rear panel access to 

channels 1 and 2. Product Options 106 and 115 add a 6 GHz or 15 GHz third 

channel. Option 202 places third channel Option 106 / 115 on the front panel 

and Option 203 places the third channel option on the rear panel.

When programming the counters from an I/O interface, configuration is pro-

vided by commands within the SCPI INPut subsystem. Within the SCPI com-

mands,INPut[{1|2}] in the syntax refers to input channels 1 and 2. As 

such, these commands do not apply to third channel Option 106 or 115.

The counter channels with the exception of frequency ratio and selected time 

interval measurements are separate and can be configured independently. 

Measurements on the channels do not occur simultaneously, however. Switch-

ing between channels retains the channel configuration, but ends the current 

measurement. The newly selected channel is re-initiated and measurements 

begin when the programmed trigger conditions are met.

Signal Conditioning Path

Figure 4-1 represents the counter’s signal conditioning path.

NOTE
If parallel channel 1 and channel 2 inputs are present on the rear panel (Option 201), all 

input specifications apply to the rear terminals only, and are relative to 50Ω input 

impedance. Performance of the front panel inputs in this instance is not specified. Also, 

when calibrating the instrument, the rear panel input terminals are used. 
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Figure 4-1. 53220A/53230A Input Signal Conditioning.

Table 4-1 is a summary of power-on/reset values for the signal conditioning.

parameters.

Table 4-1. Input Channel Reset/Preset Settings Summary.

ThresholdLevel

andSensitivity

Input

ACCoupling

trigger / gating

INPut{1|2}:COUPling

INPut{1|2}:IMPedance
INPut{1|2}:PROTection?

INPut{1|2}:PROTection:CLEar

INPut{1|2}:LEVel{1|2}
SYSTem :ALEVel:FREQuency

INPut{1|2}:LEVel:AUTO

INPut{1|2}:LEVel{1|2}:RELative

INPut3:BURSt:LEVel

INPut{1|2}:NREJect
INPut{1|2}:SLOPe{1|2}

Selectable

100kHz

Low-PassFilter

INPut{1|2}:FILTer

Range

Selection

INPut{1|2}:RANGe
INPut{1|2}:PROBe

Auto

Cal

Buffer

DCCoupling

50W
1MW

Input

Protection

Parameter Setting

Impedance

Range(1:1probe)

Range(10:1)probe

Probefactor

Coupling

Lowpassfilter

Auto-level

Level(absolute)

Level(relative)

PulseEnvelope(channel3)

NoiseRejection

Slope 

1 MΩ
5V

50V

1:1

AC

Off

Enabled

0.0V

50%

-6 dB

Disabled

Positive
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Input Impedance

The input impedance of the 53220A/53230A counter can be set to either 50Ω 

or 1 MΩ using the command:

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

DEFault} 

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

The 50Ω and 1 MΩ impedances allow for impedance matching (termination) 

and bridging applications respectively. 

Using Probes If using a 1:1 or 10:1 probe, the input impedance of the counter 

should be set to match the compatibility (e.g. 50Ω, 1 MΩ, high Z) of the probe. 

See “Setting the Probe Factor” for more information.

Following a reset (*RST) or front panel preset (Preset), the impedance is set to 

1 MΩ. CONFigure and MEASure do not change the input impedance setting. 

Impedance Example

//periodmeasurementofexpected10MHzsignal,
//maximumresolution,usechannel1
CONF:FREQ0.1E6,MAX,(@1)

INP:IMP1.0E6 //setimpedanceto1Mohm
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Input Protection

The maximum input voltage (including any DC offset) allowed with 50Ω input 

impedance is ± 5.125 Vp. If the input voltage exceeds ~ ± 10.0 Vp, the input 

protection relay opens - changing the input impedance to 1 MΩ.. (The display 

and Impedance softkey will still indicate a 50Ω setting however.) 

With the relay open, the corresponding channel key flashes until the input 

voltage is removed or reduced below the damage threshold and the key is 

pressed. This sets the impedance back to 50Ω.

To programmatically determine if the protection relay has been opened, the 

command: 

INPut[{1|2}]:PROTection?

queries the relay state (0 = relay closed, 1 = relay open). With the input volt-

age removed or reduced below the damage threshold, the protection relay is 

reset (closed) with the command:

INPut[{1|2}]:PROTection:CLEar

setting the input impedance back to 50Ω.

Voltage Overload Bit The opening of the input protection relay corresponds to 

the ‘Voltage Overload’ bit (bit 0) being set in the counter’s Questionable Condi-

tion and Questionable Event registers. The bit in the Condition register is 

cleared by the INPut:PROTection:CLEar command or by changing the 

input impedance to 1 MΩ. The bit in the Event register is cleared by reading 

the register. See Chapter 8 - Status Conditions for more information.

www.valuetronics.com



124 53220A/53230A User’s Guide

4 53220A/53230A Input Signal Conditioning

Input Range

The signal operating ranges (input ranges) of the 53220A/53230A counter are 

± 5.0V, ± 50V,and ± 500V and are dependent on the probe factor. The range is 

set using the command:

INPut[{1|2}]:RANGe{<range>|MINimum|MAXimum|DEFault}
INPut[{1|2}]:RANGe?[{MINimum|MAXimum|DEFault}](queryform)

When a 1:1 probe factor is selected (see “Setting the Probe Factor), the avail-

able ranges are 5.0V and 50.0V.  When a 10:1 probe factor is selected the avail-

able ranges are 50.0V and 500.0V.

CONFigure and MEASure do not change the input range setting. Following a 

reset (*RST) or a front panel preset (Preset), the range is set to 5.0V.

Using Auto Scale 

For input signals greater than 100 Hz, Auto Scale detects the signal on the input 

channel and sets the range to 5V or 50V depending on the amplitude. Auto Scale 

is not the same as an instrument preset which sets a default range of 5V.

Range Example

//periodmeasurementofexpected10MHzsignal,
//maximumresolution,usechannel1
CONF:PER0.1E-6,MAX,(@1)

INP:IMP1E6 //setimpedanceto1Mohm
INP:RANG50 //set50Vrange
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Setting the Probe Factor

For better access to test points on the device under test (DUT), Agilent recom-

mends its N2870A, N2873A, and N2874A Passive Probes for use with the 

53220A/ 53230A counter. The 35 MHz (BW) N2870A 1:1 probe and the

500 MHz N2873A and 1.5 GHz N2874A 10:1 probes are popular accessories 

commonly used with Agilent oscilloscopes. 

When using probes with the counter, specifying a probe factor references and 

displays threshold levels and p-p levels relative to actual levels on the DUT, 

rather than to the level at the channel input. The probe factor is set with the 

command:

INPut[{1|2}]:PROBe{<factor>|MINimum|MAXimum|DEFault}
INPut[{1|2}]:PROBe?[{MINimum|MAXimum|DEFault}]

(queryform)

Probe factor settings are 1 for a 1:1 probe (N2870A), and 10 for a 10:1 probe 

(N2873A or N2874A). When set to 1, the counter ranges are 5V and 50V. When 

set to 10, the counter ranges are 50V and 500V. 

Probe Input Compatibility The input compatibility of the N2870A and N2873A 

probes is 1 MΩ respectively. The compatibility of the N2874A is 50Ω . Each is 

compatible with the counter’s 20 pF input capacitance. When using a probe, 

the counter input impedance should be set accordingly (1MΩ, 50Ω). 

CONFigure and MEASure do not change the probe factor setting. Following a 

reset (*RST) or an instrument preset (SYSTem:PRESet or Preset key), the 

probe factor is set to 1.
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Input Coupling

The input to the 53220A/53230A counter is either DC (direct) coupled or AC 

(capacitive) coupled, and is set using the the command:

INPut[{1|2}]:COUPling{AC|DC}
INPut[{1|2}]:COUPling?  (queryform)

AC coupling removes the signal’s DC content and centers the signal at 0V. The 

measurable frequency range (channels 1 and 2) with AC coupling is:

• AC = 10 Hz - 350 MHz 

• DC = 1 mHz - 350 MHz 

DC coupling extends the frequency range across the full bandwidth of the 

instrument (1 mHz - 350 MHz). CONFigure and MEASure do not change the 

coupling setting. Following a reset (*RST) or front panel preset (Preset), the 

coupling is set to ΑC.

When selecting AC or DC coupling, the amplitude of the input signal must also 

be considered. DC coupling is applicable for most measurements, especially 

those requiring a specific trigger level. Rather than reducing the signal ampli-

tude by changing the counter range, AC coupling can be used to bring the sig-

nal in contact with the hysteresis window defined by the trigger level. This is 

represented in Figure 4-2 (also see ‘Threshold Level and Sensitivity’).

DC AC

10 Hz1 mHz
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Figure 4-2. Using AC Coupling to Reach Trigger Points.

Settling Time Between DC and AC Coupling

There is an inherent settling time when changing from DC to AC coupling. As a 

measure of this time, a signal with a 5V DC component (DC coupled) will typi-

cally center around 0V (AC coupled) in one second. 

Coupling Example

//periodmeasurementofexpected10MHzsignal,
//maximumresolution,usechannel1
CONF:PER0.1E-6,MAX,(@1)

INP:COUPAC //setACcoupling

Bandwidth Limiting (Low-Pass) Filter

For measurement applications of 100 kHz or less, a 100 kHz low-pass filter can 

VU

VL

VC

VU

VL

0V

AC coupling

0V

DC coupling

VC

programmed trigger level

}

}

Hysteresis window 

trigger point

reset point

inputsignalwithDCoffset
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be enabled within the signal path to eliminate noise introduced by higher-fre-

quency components of the input signal. 

The bandwidth filter is switched into the signal path using the command:

INPut[{1|2}]:FILTer[:LPASs][:STATe]{OFF|ON}
INPut[{1|2}]:FILTer[:LPASs][:STATe]? (queryform)

On - enables the filter. OFF - disables the filter.

Figure 4-3 shows the effects on the instrument’s measurable frequency range 

when the filter is enabled.

Figure 4-3. Measureable Frequency Range with Bandwidth Filter Enabled.

From the figure:

• DC coupling = 1 mHz - 100 kHz

• AC coupling = 10 Hz - 100 kHz

CONFigure and MEASure do not change the filter setting. Following a reset 

(*RST) or front panel preset (Preset), the low-pass filter is disabled (off).

100kHz10Hz

DC AC

1mHz
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Threshold Level and Sensitivity

The threshold level is the trigger (input) level at which the counter begins the 

signal count (i.e. measurement). This level is the center of the hysteresis band 

- the band which represents counter sensitivity. For a count to occur, the sig-

nal must cross the upper and lower limits of the band in opposite directions 

(polarities). Figure 4-4 identifies these characteristics and conditions of the 

input signal. The dynamic range of the input signal is indicated on the front 

panel.

Figure 4-4. Input Signal Threshold Level and Sensitivity.
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Specifying an Absolute Threshold Level

The input threshold level can be specified as an absolute value. An absolute 

level is set with the command:

INPut[{1|2}]:LEVel[{1|2}][:ABSolute]{<volts>|MINimum|

MAXimum|DEFault} 

INPut[{1|2}]:LEVel[{1|2}][:ABSolute]? [{MINimum|MAXimum|
DEFault}]   (queryform)

Absolute threshold levels for the input ranges are:

• 5V range: ± 5.125V (2.5 mV resolution)

• 50V range: ± 51.25V (25 mV resolution

• 500V range (w/10:1 probe): ± 512.5V (250 mV resolution) 

LEVel/LEVel1 sets the absolute threshold for all measurements except 

rise/fall time and single-channel time interval. For rise/fall time measure-

ments, LEVel/LEVel1 sets the lower reference and LEVel2 sets the upper 

reference. For single-channel time interval, LEVel/LEVel1 sets the absolute 

threshold for the start event and LEVel2 sets the threshold for the stop event. 

Setting an absolute level disables the counter’s auto-level function. 

CONFigure and MEASure enable auto-leveling and set the threshold to 50%. A 

reset (*RST) or front panel preset (Preset) also enables auto-leveling and sets 

the threshold to 50%.
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Using Auto-Level

Automatic setting of the input threshold level is based on the positive and neg-

ative peaks of the input signal. Auto-level is enabled with the command:

INPut[{1|2}]:LEVel[{1|2}]:AUTO{OFF|ON|ONCE}
INPut[{1|2}]:LEVel[{1|2}]:AUTO? (queryform)

OFF disables auto-leveling; ON enables auto-leveling. Auto-level ONCE immedi-

ately sets an auto-level and then disables auto-leveling.

When auto-level is enabled, the threshold level is specified as a percentage (%) 

of the peak-to-peak input voltage (see “Setting Relative Threshold Levels”). 

The CONFigure and MEASure commands enable auto-leveling and set a 50% 

threshold level. A reset (*RST) or front panel preset (Preset) also enables 

auto-leveling at a 50% threshold level.

Setting Relative Threshold Levels

Relative threshold levels are percentages of the peak-to-peak input signal 

amplitude. Relative thresholds are set with the command:

NOTE
If auto-leveling is enabled, querying the absolute level on the current measurement channel 

returns the corresponding threshold voltage. If the channel is not the measurement 

channel, 9.91E+37 (not a number) is returned. Level2 can only be queried for rise/fall time 

and single-channel time interval measurements. Querying Level2 during other 

measurement functions returns 9.91E+37 (not a number).
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INPut[{1|2}]:LEVel[{1|2}]:RELative{<percent>|MINimum|MAX-
imum|DEFault}

INPut[{1|2}]:LEVel[{1|2}]:RELative?[{MINimum|MAXimum|
DEFault}] (queryform)

Threshold values are from 10% to 90% with 5% resolution. In order to specify 

a relative threshold level, auto-level must be enabled.

LEVel/LEVel1 sets the relative threshold for all measurements except 

rise/fall time and single-channel time interval. For rise/fall time measure-

ments, LEVel/LEVel1 sets the lower reference and LEVel2 sets the upper 

reference. For single-channel time interval, LEVel/LEVel1 sets the relative 

threshold for the start event and LEVel2 sets the threshold for the stop event. 

CONFigure and MEASure set the threshold to 50% and enable auto-leveling. 

A reset (*RST) or front panel preset (Preset) also sets the threshold to 50% and 

enables auto-leveling.

Relative Threshold Example

//setarelativetriggerthreshold
CONF:FREQ1E6,0.1,(@1)//measure1MHzsignal

INP:IMP50  //setimpedance50ohms
INP:RANG5 //setrangeto5V
INP:COUPAC //setACcoupling
INP:LEV:REL30 //thresholdlevelat30%

Measuring Low Frequency Signals

For all counter functions, auto-level should not be used for frequencies 

< 50 Hz. Threshold levels should be set using absolute values (see “Specifying 

an Absolute Threshold Level”) .

The MEASure command should not be used with frequencies less than 50 Hz 

as the command configures the counter (including enabling auto-level) and 

makes an immediate measurement. 
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For frequencies in this range, use the CONFigure command and turn off 

auto-level by specifying an absolute threshold level. For example:

//measurea10Hzsignal
CONF:FREQ10,(@1) //measure10Hzsignal

INP:IMP50 //setimpedanceto50ohms
INP:RANG5 //setrangeto5V
INP:COUPAC //setACcoupling
INP:LEV1  //1Vthreshold,turnsoffauto-level

INIT  //takereading

Input Coupling and Threshold Levels

Figure 4-5 shows a scale of how relative thresholds apply to the input signal. 

When the signal includes a DC offset, the absolute value of a relative threshold 

is a function of the input coupling (AC or DC). 

Figure 4-5. Input Coupling and Relative Threshold Levels.

For example, a 3 Vpp input signal with a 2 VDC offset and DC coupling would 

have a Vmax: value of 3.5V and a Vmin value of 0.5V (Vmax, Vmin,and Vppare 

viewable on the front panel). With AC coupling, Vmax and Vmin would be 

+ 1.5V respectively. 
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If a 30% relative threshold is specified for the DC-coupled signal described 

above, the corresponding (absolute) value is 1.4V. The same relative threshold 

for an AC-coupled signal has an absolute value of -0.6V. 

The absolute value of any relative threshold level can be queried using:

INPut[{1|2}]:LEVel[{1|2}][:ABSolute]?

or computed as:

Vmin+(%thresholdxVpp)

levelw/DCcoupling:0.5+(0.30x3)=1.4V
levelw/ACcoupling:-1.5+(0.30x3)=-0.6V

System Auto-Level Range

Auto-leveling is available for two input frequency ranges: 50 Hz to < 10 kHz 

and frequencies > 10 kHz. The auto-level period is shorter for frequencies 

> 10 kHz when an (auto-level) frequency range is set from the front panel or 

specified by the command:

SYSTem:ALEVel:FREQuency{<frequency>|MINimum|MAXimum|
DEFault}

SYSTem:ALEVel:FREQuency?[{MINimum|MAXimum|DEFault}]

(queryform)
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The frequency parameter values are:

A frequency setting of 10 kHz decreases the auto-level period for all frequen-

cies > 10 kHz. A frequency setting of 50 Hz provides auto-leveling for fre-

quencies down to 50 Hz. The frequency selected should be based on the 

lowest expected frequency in the measurement.

The auto-level frequency is a system setting which applies to all counter chan-

nels, and should be noted when making two-channel measurements. 

The default setting is 50 Hz. The value is stored in non-volatile memory and 

does not change when power is cycled or following a reset (*RST) or a front 

panel preset (Preset).CONFigure and MEASure enable auto-level and set a 

relative threshold of 50%, but do not change the auto-level frequency.

System Auto-Level Range Example

CONF:FREQ100E6,(@1) //measure100MHzsignal
SYST:ALEV:FREQ10.0E3 //setauto-levelfrequency
INP:IMP50 //setimpedanceto50ohms
INP:RANG5 //setrangeto5V
INP:COUPAC //setACcoupling
INP:LEV:REL65 //set65%relativethreshold
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Burst Measurement Detector Threshold

All 53230A burst measurements are relative to the pulse width. The ‘on’ por-

tion of the pulse width is established by a -6 dB and -12 dB detector threshold. 

Figure 4-6 is an example of the thresholds relative to the peak amplitude of the 

burst signal.

Figure 4-6. -6 dB and /-12 dB Detector Thresholds.
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amplitude

- 6dB
- 12dB

- 12dB(on)

-6dB(on) -6dB(off)

- 12dB(off)
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The detector threshold and, therefore, the ‘on’ portion of the pulse width must 

be considered when making burst measurements such as positive (on) width 

and negative (off) width. This threshold is set with the command:

INPut3:BURSt:LEVel{<dB>|MINimum|MAXimum|DEFault}
INPut3:BURSt:LEVel?[{MINimum|MAXimum|DEFault}]

(queryform)

The dB levels are -6 and -12, and are nominal (i.e. non-specified) values. 

CONFigure and MEASure do not change the detector threshold setting. Fol-

lowing a reset (*RST) or front panel preset (Preset), the threshold is set to 

-6 dB.

This command and burst measurement capability are only available on the 

53230A counter with channel 3 Option 106 or 115 (6 GHz or 15 GHz micro-

wave input) and Pulse Microwave Measurement Option 150.

Detector Threshold Example

//configureapositive(on)widthmeasurementonchannel3
CONFigure:PWIDth:BURSt(@3)

INP3:BURS:LEV-12 //set-12dBdetectorthreshold

Noise Rejection (Hysteresis)
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Threshold sensitivity (Figure 4-4) to the input signal is a function of the 

amount of noise rejection or hysteresis. Noise rejection (the hysteresis band) 

at the counter input is increased or decreased with the command:

INPut[{1|2}]:NREJection{OFF|ON}
INPut[{1|2}]:NREJection? (queryform)

ON enables noise rejection, thus increasing hysteresis and decreasing sensi-

tivity by 50%. This setting should be used when noise is present in the signal 

environment. However, if the threshold level is close to a peak amplitude (pos-

itive or negative), a count will not occur if the signal does not cross both hys-

teresis levels due to the increased hysteresis band. OFF disables noise 

rejection which decreases hysteresis and increases sensitivity.

CONFigure and MEASure do not change the noise rejection setting. Following 

a reset (*RST) or instrument preset (Preset), noise rejection is disabled (off).

Noise Rejection from Bandwidth Limiting For input signals up to 100 kHz, 

reducing the counter’s bandwidth from 350 MHz to 100 kHz (see “Bandwidth 

Limiting Filter”) also provides noise rejection. Additional noise rejection for 

frequencies in this range is then obtained through INPut:NREJectionON. 

Time Interval Errors Using noise rejection with time interval measurements 

results in time interval errors due to errors in setting the threshold level and 

the effects of hysteresis on the trigger and reset points (Figure 4-4). These 

errors are dependent on the input signal slew rate at each trigger point. 

Noise Rejection Example

//periodmeasurementofexpected10MHzsignal,
//usechannel1
CONF:PER0.1E-6,.001,(@1)

INP:IMP1.0E6 //setimpedanceto1Mohm
INP:RANG50 //setrangeto50
INP:COUPAC //setACcoupling
INP:LEV3  //set3Vthresholdlevel(absolute)
INP:NREJON //enablenoiserejection
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Threshold Slope

The slope (edge) of the input signal on which the threshold level occurs is 

specified with the command:

INPut[{1|2}]:SLOPe[{1|2}]{POSitive|NEGative}
INPut[{1|2}]:SLOPe{1|2}]? (queryform)

POSitive - the trigger point occurs on the positive (rising) edge. The reset 

point occurs on the negative (falling) edge (Figure 4-4). 

NEGative - the trigger point occurs on the negative edge, with the reset point 

occurring on the positive edge.

The slope setting does not apply to pulse width, duty cycle, or rise/fall time 

measurements (i.e. measurements with pre-defined slopes). 

For single-channel time interval measurements, SLOPe/SLOPe1 sets the edge 

for the start event and SLOPe2 sets the edge for the stop event.

CONFigure and MEASure do not change the slope setting. Following a reset 

(*RST) or instrument preset (Preset), the positive (rising) slope is selected.
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Input Slope Example

//setthethresholdslope
CONF:FREQ1E6,0.1,(@1) //measure1MHzsignal

SYST:ALEV:FREQ10E3//setminimumauto-levelfrequency
INP:IMP50 //setimpedanceto50ohms
INP:RANG5 //setrangeto5V
INP:COUPAC //setACcoupling
INP:LEV:REL70 //70%thresholdlevel
INP:SLOPPOS //triggeronpositiveslope

Measuring Input Signal Levels and Signal Strength

Minimum, maximum, and peak-to-peak levels of the input signal are indicated 

on the bottom of the counter’s main measurement display area and an exam-

ple is included in Figure 4-4. These characteristics of the peak-to-peak signal 

can also be measured with the commands:

INPut[{1|2}]:LEVel:MINimum? (minimum value of p-p signal)

INPut[{1|2}]:LEVel:MAXimum? (maximum value of p-p signal)

INPut[{1|2}]:LEVel:PTPeak? (p-p amplitude)

The minimum and maximum values include any DC levels (offsets) present 

with the signals. The counter’s input impedance also affects the amplitude at 

the input.

Channel 3 Signal Strength
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The relative signal strength on channel 3 Option 106 or 115 (6 GHz or 15 GHz 

microwave input) is dislayed on the counter and can also be measured with 

the command:

INPut3:STRength?

The colors and the relative strengths returned by the command indicate the 

following:

Color Strength Description

None

Yellow

Green

Red

0

1

2,3

4

Signalstrengthtoolow.Maynotbeabletomakemeasurement.

Forcontinuouswave(CW)measurementssignalpowermustbe

>-27dBm.Forpulsemeasurementssignalpowermustbe

>-13dBm.

Signalstrengthweak,butacceptable.

Goodsignal.

Signalmayhaveexceededlevelatwhichanaccuratemeasure-

mentcanbemade(>+19dBmCW,>+13dBmpulse).Signal

levels>+27dBmmaydamagetheinstrument.
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53220A/53230A counter measurements are made by triggering the instrument 

and gating the input signal to select the portion or duration during which the 

input signal is measured. 

This chapter covers the counter’s trigger and gate cycles as they relate to 

counter measurements. 
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Settings Summary

Table 5-1 is a summary of power-on/reset settings for the trigger and gating 

parameters covered in this section.

Table 5-1. Trigger and Gate Settings Summary.

Parameter Setting Parameter Setting

Trigger Gate

Triggersource

Triggerslope

Triggerdelay

Triggercount

Samplecount 

Immediate

Negative

0.0s

1

1

Gatestartsource

Gateexternalsource

Gatestartslope

Gatestartdelaysource

Gatestartdelayevents

Gatestartdelaytime

Gatestopsource

Gatestopslope

Gatestopholdoffsource

Gatestopholdoffevents

Gatestopholdofftime

External

External

Negative

Immediate

1

0.0s

External

Positive

Immediate

1

0.0s

Frequency

Frequencygatesource

Frequencegatetime

Frequencygatepolarity

Frequencymode

Frequencyburstgateauto

Frequencyburstgatedelay

Frequencyburstgatenarrow

Frequencyburstgatetime

Time

0.1s

Negative

Auto

On

0.0s

Off

1 us

Time Interval

Timeintervalgatesource

Timeintervalgatepolarity

 Immediate

Negative

Totalize

Totalizegatesource 

Totalizegatetime

Totalizegatepolarity

Time

0.1s

Negative
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Trigger and Gate Time Line

Triggering and gating are part of every counter measurement. The relationship 

of these actions relative to the measurement are shown in the time line of Fig-

ure 5-1.

Figure 5-1. Triggering and Gating Time Line.

Trigger and Gate Cycle

The elements of triggering and gating summarized in Figure 5-1 are shown in 

detail in the programming cycle of Figure 5-2. The following sections contain 

descriptions and examples of each step in the cycle. 

Input events received  are ignored Gate enabled
Auto Gate 

Extension

INIT:IMMediate

Trigger

Trigger Delay 

(Time)

Gate 

Start

Start Gate Delay 

(Time, Events)

Gate 

Stop Final Event

Stop Holdoff 

(Time, Events)

1st  Input 

Event

Making measurement

Measurement 

Complete

Gate Start Enabled

Gate Stop Enabled

Gate sequence: repeated for each reading per trigger

gate 

opens

NOTE The SCPI commands and parameters listed throughout this chapter are provided 

as a guide to how the counter is operated programmatically. The commands are 

described in detail in the ‘Programmer’s Reference’ section of the Agilent 

53210A/53220A/53230A Product Reference CD. 
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Figure 5-2. Trigger and Gate Cycle - Triggering.
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Figure 5-2 (cont’d). Trigger and Gate Cycle - Gating.
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System Trigger

The counter operates in one of three states depending on the status of the sys-

tem trigger: idle, wait for trigger, and triggered. 

Idle State

Counter configuration generally occurs while the instrument is in the idle 

state (Figure 5-3). This includes configuration of the system trigger. 

As shown, the counter is placed in the idle state by either of the following the 

commands:

ABORt - aborts a measurement in progress.

*RST - resets the counter to its factory default values.

The counter also returns to the idle state after the total number of measure-

ments determined by the TRIGger:COUNt and SAMPle:COUNt settings are 

complete (i.e. # of measurements = TRIGger:COUNt x SAMPle:COUNt).
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Figure 5-3. System Trigger Sequence.

System Trigger Source
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The system trigger is configured using the commands within theTRIGger 

and SAMPle subsystems. Figure 5-3 show the sequence in which the com-

mands are commonly used. 

The system trigger source which starts the trigger/gate cycle is set with the 

command:

TRIGger:SOURce {IMMediate|EXTernal|BUS}

TRIGger:SOURce? (queryform)

- trigger source IMMediate sets a continuous trigger signal. By default, CON-

Figure sets the trigger source to IMMEDiate.

- trigger source EXTernal sets the trigger source to an external trigger applied 

to the rear panel ‘TrigIn’ BNC connector.

- trigger source BUS causes the instrument to be triggered by the *TRG com-

mand received over an IO interface. 

Trigger Source Example

//configureforfrequency,setsystemtriggerparameters
CONF:FREQ5E6,0.1,(@2)

TRIG:SOUREXT //triggersourceexternal

System Trigger Slope

When the system trigger source is set to EXTernal, the triggering slope (edge) 

of the signal is set with the command:
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TRIGger:SLOPe {POSitive|NEGative}
TRIGger:SLOPe? (queryform)

- trigger slope POSitive selects the signal’s rising edge, and trigger slope 

NEGativeselects the signal’s falling edge. The signal is applied to the 

‘Trig In’ BNC. By default, CONFigure sets the trigger slope to NEGative.

Trigger Slope Example 

//configureforfrequency,setsystemtriggerparameters
CONF:FREQ5E6,0.1,(@2)

TRIG:SOUREXT //triggersourceexternal
TRIG:SLOPPOS //triggerslope-positive

System Trigger Delay

The delay between receipt of the internal or external system trigger signal and 

the start of the first measurement (Figure 5-1) is set with the command:

TRIGger:DELay{<time>|MINimum|MAXimum|DEFault} 

TRIGger:DELay?[{MINimum|MAXimum|DEFault}] (queryform)

- specifies the delay in seconds. Delays between subsequent measurements 

(i.e. multiple readings per trigger - see SAMPle:COUNt) are set with the 

SENSe:GATE:STARt:DELay commands. CONFigure and MEASure set a 

defaut delay of 0.0s.
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Trigger Delay Example

//configureforfrequency,setsystemtriggerparameters
CONF:FREQ5E6,0.1,(@2)

TRIG:SOUREXT //triggersourceexternal
TRIG:SLOPPOS //externaltriggerslope-positive
TRIG:DEL1 //1sdelayaftertriggerreceived

System Trigger Count

The number of system triggers the counter will receive before returning to the 

idle state from the wait-for-trigger state is set with the command:

TRIGger:COUNt{<count>|MINimum|MAXImum|DEFault}
TRIGger:COUNt?[{MINimum|MAXimum|DEFault}]  (queryform)

The trigger count range is 1 to 1,000,000. CONFigure and MEASure set a 

default trigger count of ‘1’. 

Trigger Count Example 

//configureforfrequency,setsystemtriggerparameters
CONF:FREQ5E6,0.1,(@2)

TRIG:SOUREXT //triggersourceexternal
TRIG:SLOPPOS //externaltriggerslope-positive
TRIG:DEL1  //1sdelayaftertriggerreceived
TRIG:COUN2 //accept2systemtriggers
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Sample Count

The trigger count multiplied by the sample count (TRIG:COUN x SAMP:COUN) 

determines the number of readings taken before the counter returns to the 

idle state. The sample count is set with the command:

SAMPle:COUNt{<count>|MINimum|MAXImum|DEFault} 

SAMPle:COUNt?[{MINimum|MAXimum|DEFault}] (queryform)

The count range is 1 to 1,000,000. CONFigure and MEASure set a default 

sample count of ‘1’.

Reading memory can store up to 1,000,000 readings. If the product of the trig-

ger count and the sample count is greater than 1,000,000 readings, data must 

be read from reading memory fast enough to prevent memory overflow. If 

memory does overflow, new readings will overwrite the first (oldest) readings 

stored. The most recent readings are always preserved. See Chapter 8 - “Status 

Conditions” for information on monitoring reading memory count. 

Sample Count Example

//configureforfrequency,setsystemtriggerandsample
//countparameters;take2setsof100readings
CONF:FREQ5E6,0.1,(@2)

TRIG:SOUREXT //triggersourceexternal
TRIG:SLOPPOS //externaltriggerslope-positive
TRIG:DEL1  //1sdelayaftertriggerreceived
TRIG:COUN2 //accept2systemtriggers
SAMP:COUN100 //take100rdgsforeachtrigger
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Wait-For-Trigger and Triggered States

In order for the counter to accept triggers which start the trigger and gate 

cycle, the counter must be initiated. Initiating the counter places the instru-

ment in the wait-for-trigger state (Figure 5-4).

Figure 5-4. The Counter ‘Wait-for-trigger’ State.

The counter can be initiated using the following commands:

NOTE The trigger count and sample count are ignored when making continuous totalize 

measurements. The trigger count is also ignored when making continuous, 

gap-free frequency or period measurements. Only one trigger is accepted when 

using these functions. See the ‘Programmer’s Reference’ section of the Agilent 

53210A/53220A/53230A Product Reference CD for more information. 

triggersreceived

=

TRIGger:COUNt?

#readings
=

SAMPle:COUNt?

Yes

No

Yes

No

INITiate:IMMediate

READ?

MEASure?

Triggeredstate

(to gate cycle)

(repeatedforeachreadinginsamplecount

(from gate cycle)

Wait-for-triggerstate

trigger received
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INITiate[:IMMediate] 

- places the counter in the wait-for-trigger state. In this state, trigger signals 

are recognized and accepted. Readings taken after the counter is initiated by 

INITiate[:IMMediate] are displayed and stored in the counter’s reading 

memory (see Chapter 7 “Formats and Data Flow” for more information). 

Initiating Example

//configureforfrequency,setsystemtriggerparameters
CONF:FREQ5E6,0.1,(@2)

TRIG:SOUREXT//triggersourceexternal
TRIG:SLOPPOS //externaltriggerslope-positive
TRIG:DEL1 //1sdelayaftertriggerreceived
TRIG:COUN2 //accept2systemtriggers
SAMP:COUN100 //take100readingspersystemtrigger

INIT //initiatethecounter-waitfortriggerstate
FETc? //retrievemeasurementsfromreadingmemory

READ? 

- equivalent to executing INITiate:IMMediate directly followed by FETCh?. 

With READ?, readings are displayed, stored in reading memory, and instanta-

neously read into the output buffer (see Chapter 7 “Formats and Data Flow” 

for more information). 

READ? Example

//configureforfrequency,setsystemtriggerparameters
CONF:FREQ5E6,0.1,(@2)

TRIG:SOUREXT //triggersourceexternal
TRIG:SLOPPOS //externaltriggerslope-positive
TRIG:DEL1 //1sdelayaftertriggerreceived
TRIG:COUN2 //accept2systemtriggers
SAMP:COUN100 //take100readingspersystemtrigger

READ?//initiatethecounter-fetchreadingsfrommemory

Once initiated, a valid trigger signal and a satisfied delay period (if specified) 
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moves the counter to the triggered state and the beginning of the gate cycle. 

The counter remains in the triggered state until the sample count (readings 

per trigger) is reached. The counter then returns to the wait-for-trigger state 

until the next system trigger is received. The counter returns to the idle state 

once the product of the trigger count x sample count is reached.

Measurement Gate

Control of the measurement gate allows you to select the duration of the mea-

surement. The gating sequence of the trigger/gate cycle begins after a system 

trigger signal is received, and is repeated for each measurement specified in 

the sample count.

Gate Set Up

The counter’s gate source determines the path through the gate cycle and the 

related parameters that must be considered. A gate source is required for all 

frequency, totalizing, and time interval measurements. 

Although selection of the gate source is shown at the beginning of the cycle 

NOTE The gate sequence occurs while the counter is in the triggered state (Figure 5-2). 

Although shown in the figure after the counter is initiated, gate configuration

like system trigger configuration, occurs while counter is in the idle state.

NOTE Counter measurements are based on configurations comprised of multiple param-

eters. The easiest and most common starting point for setting these parameters 

programmatically is using commands within the CONFigure and MEASure sub-

systems (Chapter 3). These subsystem commands are considered “high-level”, as 

multiple counter parameters are set or defaulted from a single command. “Low- 

level” commands such as the gating commands described here allow you to 

change selected gating parameters without altering other areas of the counter 

configuration.
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(Figures 5-2 and 5-5), programmatically it should occur after all other gate 

parameters have been set. This prevents potential “settings conflict” errors 

between the SENSe subsystem commands, and is illustrated in the examples 

and program segments that use these commands.

Figure 5-5. Gate Source Sequence.

Typical counter measurements and most applications use an internal signal as 

the gate source to control the gate for a specified (or default) period of time. 

For applications requiring synchronization with external events or requiring 

more precise gate control, an external gate or advanced gating is used. Exter-
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nal gate signals are applied to the counter’s rear panel ‘Gate In/Out’ BNC or to 

the channel 1 or channel 2 input.

Frequency Measurements

For frequency and period measurements the command used to set/change the 

gate source is:

[SENSe:]FREQuency:GATE:SOURce{TIME|EXTernal|INPut[1]|
INPut2|ADVanced}

[SENSe:]FREQuency:GATE:SOURce? (queryform)

- gate source TIME is used to achieve a desired resolution in number of digits. 

It uses an internal gate signal and is the default gate source. It enables the gate 

to remain open for a specified period while the input signal is measured. The 

longer the gate time, the greater the resolution. 

Resolution and Gate Time 

Reading resolution (in digits) is a function of the counter’s gate time, measure-

ment mode (AUTO, CONTinuous, RECiprocal - Chapter 3), and resolution 

enhancement algorithm. Resolution enhancement (RE), which is defined in the 
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53220A/53230A data sheet, extends the resolution beyond what is achieved 

with the basic reciprocal measurement technique. Resolution enhancement 

applies to the counter’s AUTO or CONTinuous mode with gate times > 10 msec.

Table 5-2 shows the digits of resolution achieved with the 53230A and 53220A 

for a given gate time. The table also includes formulas for estimating digits as a 

function of gate time or expected values, and gate times as a function of digits.

Table 5-2. Resolution and Gate Time.

Gate Time

(53230A)

(Tss = 20 ps)

Resolution

(Digits)

Auto/Continuous

Resolution

(Digits)

Reciprocal

Calculating Digits and Gate 

Time (Reciprocal Mode)

1usec 4.7 4.7

Digitsasafunctionofgatetime:

Digits = Log10(gate time/Tss)

Digitsasafunctionofexpected

value(CONFigure,MEASure)

Digits = Log10(expected value) 

- Log10(resolution)

Gatetimeasafunctionofdigits:

gate time = (10^digits) * Tss

10usec 5.7 5.7

100usec 6.7 6.7

1msec 7.7 7.7

10msec upto10* 8.7

100msec upto11* 9.7

1sec upto12* 10.7

10sec upto13* 11.7

100sec upto14* 12.7

1000sec upto15* 13.7usec

Gate Time

(53220A)

(Tss = 100 ps)

Resolution

(Digits)

Auto

Resolution

(Digits)

Reciprocal

100usec 6 6

1msec 7 7

10msec upto10* 8

100msec upto11* 9

1sec upto12* 10

10sec upto13* 11

100sec upto14* 12

1000sec upto15* 13

*ResolutionEnhanced
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Setting the Gate Time

A measurement gate time can be specified directly with the command: 

[SENSe:]FREQuency:GATE:TIME{<time>|MINimum|MAXimum|
DEFault}

[SENSe:]FREQuency:GATE:TIME?{MINimum|MAXimum|DEFault}
(queryform)

CONFigure and MEASure automatically set the gate source to TIME, and the 

gate time according to their optional expected value and resolution parame-

ters. Specifying these parameters or using default values with these com-

mands simplifies counter programming. However, setting/changing the gate 

time separate from the CONFigure/MEASure command allows you to change 

only the gate time while preserving other configuration settings.

Querying the Gate Time The gate time set by the expected value and resolu-

tion parameters can be determined after execution of the CONFigure or 

MEASure command. 

For example, assume a measurement requiring 10-digit (mHz) resolution of a 

5 MHz signal is required. Because digits of resolution is approximately equal 

to Log10 (expected value) - Log10 (resolution), this measurement could be 

configured as:

MEAS:FREQ?5e6,5E-4,(@1)//expectedfreq,resolution

A typical measurement using this configuration might return:

+4.99998458333282E+006

www.valuetronics.com



53220A/53230A User’s Guide 161

Triggering and Gating 5

With the counter display registering:

4.9999845833MHz(11 digits - resolution enhanced)

Querying the gate time after sending this command returns:

SENS:FREQ:GATE:TIME?

+1.00000000000000E-001 (100 ms)

From Table 5-2 and assuming a 53230A counter and measurement mode Auto, 

this corresponds to 11 digits of resolution. To achieve a desired resolution 

(digits) in terms of gate time, locate the number of digits in Table 5-2 and 

select the corresponding gate time:

SENS:FREQ:GATE:TIME100e-3 //setgatetime=100ms
SENS:FREQ:GATE:SOURTIME //setgatesource

As another example, assume a measurement requiring 6-digit resolution of a 

5 ns (200 MHz) signal. Recalling that Log10 (expected value) - Log10 (resolu-

tion) is approximately equal to digits of resolution, the measurement can be 

configured as: 

MEAS:PER?5E-9,5E-15,(@1)//permeasof200MHzsignal

A typical measurement using this configuration might return:

+5.00010899135045E-009

With the counter display registering:

5.00010nsec(6 digits)

Querying the gate time after sending this command returns:

SENS:FREQ:GATE:TIME?

+1.00000000000000E-005 (10 us - no resolution enhancement)
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Again using Table 5-2, if a resolution of 6-digits is required the corresponding 

gate time can be located and sent directly as:

SENS:FREQ:GATE:TIME10e-6 //setgatetime=10us

External Gate Sources

Gate sources EXTernal,INPut[1], and INPut2 are external sources. 

EXTernal is the counter’s rear panel ‘Gate In/Out’ BNC, and INPut[1]/

INPut2 (represented by softkeys Chan 1 and Chan 2) are the counter’s channel 

1 and channel 2 inputs.

External Gate Signal Polarity

When using any external gate source the polarity of the gate signal and there-

fore, the duration of the gate, is set or changed with the command:

NOTE OUTput:STATeOFF must be set when using gate source EXTernal. See 

“Enabling Gate Signals on the ‘Gate In/Out BNC” for more information and for 

information on using gate signals to synchronize other instruments. 
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[SENSe:]FREQuency:GATE:POLarity{POSitive|NEGative}
[SENSe:]FREQuency:GATE:POLarity? (queryform)

POSitive starts the measurement on a positive edge on the Gate In/Out BNC 

or channel 1/channel 2 input, and stops the measurement on the next negative 

edge. NEGative starts the measurement on a negative edge on the Gate 

In/Out BNC or channel 1/channel 2 input, and stops the measurement on the 

next positive edge. 

CONFigure and MEASure do not change the polarity setting. Following a reset 

(*RST) or instrument preset (SYSTem:PRESet or Presetkey), the negative 

edge is selected. 

To set the polarity of the external gate signal:

//selectthegatepolarityandsource
CONF:PER

SENS:FREQ:GATE:POLPOS  //setpolarity
SENS:FREQ:GATE:SOUREXT //setsource

External Gate Signal Threshold

For external sources INPut[1] and INPut2 (Chan 1 and Chan 2 softkeys), a 

fixed input threshold voltage must be specified in addition to the gate signal 

polarity. This is done using the command:
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INPut[{1|2}]:LEVel[{1|2}][:ABSolute]{<volts>|MINimum|
MAXimum|DEFault}

INPut[{1|2}]:LEVel[{1|2}][:ABSolute]?[{MINimum|MAXimum|
DEFault}]  (queryform)

The specified edge (polarity) of the gate signal crossing the threshold opens 

the gate. The opposite edge (polarity) of the signal crossing the threshold 

closes the gate. (More information on the INPut subsystem can be found in 

Chapter 4 - “ 53220A/53230A Input Signal Conditioning”.) 

When using external sources INPut[1] and INPut2, the channel selected as 

the gate source cannot be the same channel on which the measured signal is 

applied. That is, the gate source channel cannot be involved in the measure-

ment.

To set the polarity and level for an external gate source: 

//selectthegatepolarity,source,andthresholdlevel
CONF:FREQ

SENS:FREQ:GATE:POLPOS  //setpolarity
SENS:FREQ:GATE:SOURINP //setsource-channel1
INP:LEV4 //setthreshold-4V

Gate Source ADVanced

Gate source ADVanced enables extended control of the gate signal through the 

counter’s SENSe:GATE commands (see Advanced Gate Control later in this 

chapter). 
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Totalizing

Setting the Gate Source

For gated counts of events (edges) on the input channels configured by:

CONFigure:TOTalize:TIMed

The command used to set or change the gate source is: 

[SENSe:]TOTalize:GATE:SOURce{TIME|EXTernal|INPut[1]|
INPut2|ADVanced}

[SENSe:]TOTalize:GATE:SOURce? (queryform)

- gate source TIME enables totalizing on the input channels for a specified 

period. 

Setting the Gate Time

The gate time is set with the command: 

[SENSe:]TOTalize:GATE:TIME{<time>|MINimum|MAXimum|
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INFinity|DEFault}

[SENSe:]TOTalize:GATE:TIME?{MINimum|MAXimum|DEFault}
(queryform)

CONFigure and MEASure automatically set the gate source to TIME, and the 

gate time to the value of their gate_time parameter. 

To specify a gate time and source directly for totalizing:

//setgatetimeandsource
SENS:TOT:GATE:TIME10 //setgatetime=10s

SENS:TOT:GATE:SOURTIME //setgatesource

External Gate Sources

Gate sources EXTernal,INPut[1], and INPut2 are external sources. 

EXTernal is the counter’s rear panel ‘Gate In/Out’ BNC, and 

INPut[1]/INPut2 (represented by softkeys Chan 1 and Chan 2) are the 

counter’s channel 1 and channel 2 inputs.

External Gate Signal Polarity

When using the external gate sources, the polarity of the gate signal and there-

NOTE OUTput:STATeOFF must be set when using gate source EXTernal. See 

“Enabling Gate Signals on the ‘Gate In/Out BNC” for more information and for 

information on using gate signals to synchronize other instruments. 
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fore, the duration of the gate, is set or changed with the command:

[SENSe:]TOTalize:GATE:POLarity{POSitive|NEGative}
[SENSe:]TOTalize:GATE:POLarity? (queryform)

POSitive starts totalizing on a positive edge on the Gate In/Out BNC or chan-

nel 1/channel 2 input, and stops totalizing on the next negative edge. NEGa-

tive starts totalizing on a negative edge on the Gate In/Out BNC or channel 

1/channel 2 input, and stops totalizing on the next positive edge. 

CONFigure and MEASure do not change the polarity setting. Following a reset 

(*RST) or instrument preset (SYSTem:PRESet or Presetkey), the negative 

edge is selected. 

To set the polarity of the external gate signal:

//selectthegatepolarityandsource
CONF:TOT:TIM

SENS:TOT:GATE:POLPOS  //setpolarity

SENS:TOT:GATE:SOUREXT //setsource

External Gate Signal Threshold
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For external sources INPut[1] and INPut2 (Chan 1 and Chan 2 softkeys), a 

fixed input threshold voltage must be specified in addition to the gate signal 

polarity. These parameters are set with the commands:

INPut[{1|2}]:LEVel[{1|2}][:ABSolute]{<volts>|MINimum|
MAXimum|DEFault}

INPut[{1|2}]:LEVel[{1|2}][:ABSolute]?[{MINimum|MAXimum|
DEFault}]  (queryform)

The specified edge (polarity) of the gate signal crossing the threshold opens 

the gate. The opposite edge (polarity) of the signal crossing the threshold 

closes the gate. 

When using sources INPut[1] and INPut2, the channel selected as the gate 

source cannot be the same channel on which input events are totalized. That 

is, the gate source channel cannot be involved with the measurement.

To set the polarity and level when using an input channel as the gate source: 

//selectthegatepolarity,source,andthresholdlevel
CONF:TOT:TIM

SENS:TOT:GATE:POLPOS  //setpolarity
SENS:TOT:GATE:SOURINP1 //setsource-channel1
INP1:LEV4 //setthreshold-4V

Gate Source ADVanced 

Gate source ADVanced enables extended control of the gate signal through the 

counter’s SENSe:GATE commands (see Advanced Gate Control). 
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Continuous Totalizing

Continuous totalizing as configured by the command:

CONFigure:TOTalize:CONTinuous 

sets the gate source to TIME and the gate time to INFinity. The command 

also sets the input threshold to 0.0V and the edge (events that are totalized) to 

positive. Refer to Chapter 4 - “53220A/53230A Input Signal Conditioning” for 

information on the commands in the INPut subsystem used to change these 

parameters.

Reading the Current Count During continuous or timed totalizing with long 

gate times, the current count can be read with the command:

[SENSe:]TOTalize:DATA?

For example:

CONF:TOT:CONT //configurecontinuoustotalizing
INIT //startmeasurement
.
SENS:TOT:DATA? //querycurrentcount
.
ABOR //terminatemeasurements
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Time Interval Measurements

For time interval measurements, the command used to set/change the gate 

source is:

[SENSe:]TINTerval:GATE:SOURce{IMMediate|EXTernal|
ADVanced}

[SENSe:]TINTerval:GATE:SOURce? (queryform)

- gate source IMMediate uses an internal gate signal which starts the mea-

surement on the first event (edge/level) defined by the INPut subsystem, and 

ends on the next (stop) event defined. The CONFigure commands set the time 

interval gate source to IMMediate. 

- gate source EXTernal is the counter’s rear panel ‘Gate In/Out’ BNC. Using 

an external gate, the measurement begins on the first start event after the 

external gate is received. The measurement ends following the stop event. The 

start and stop events (edge/level) are defined by the INPut subsystem.

NOTE OUTput:STATeOFF must be set when using gate source EXTernal. See 

“Enabling Gate Signals on the ‘Gate In/Out BNC” for more information and for 

information on using gate signals to synchronize other instruments. 
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External Gate Signal Polarity

When using an external gate source, the polarity of the gate signal is changed 

with the command:

[SENSe:]TINTerval:GATE:POLarity{POSitive|NEGative}
[SENSe:]TINterval:GATE:POLarity? (queryform)

POSitive enables a time interval measurement following a positive edge on 

the Gate In/Out BNC. NEGative enables a time interval measurement follow-

ing a negative edge on the Gate In/Out BNC. For either edge, the measurement 

begins on the first start event after the (gate) edge.

Following a reset (*RST) or instrument preset (SYSTem:PRESet or Preset

key), the negative edge (polarity) is selected.

Gate Source ADVanced 

Gate source ADVanced enables extended control of the gate signal through the 

counter’s SENSe:GATE commands (see Advanced Gate Control later in this 

chapter). 

The following example shows configuration of a time interval measurement 

beginning with high-level configuration of the counter, setting up the start and 

stop events, and changing the polarity and gate source.

//configurethecounterforatimeintervalmeasurement
//usingexternalgatingtostartthemeasurement
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CONF:TINT(@1),(@2)//timeintbetweench1/ch2
INP1:LEV12 //setstartlevel(event)
INP1:SLOP1POS //setstarteventpolarity
INP2:LEV12 //setstoplevel(event)
INP2:SLOP1NEG //setstopeventpolarity
SENS:TINT:GATE:POLPOS //setgatesignalpolarity
SENS:TINT:GATE:SOUREXT//externalgatesource

Enabling Gate Signals on the ‘Gate In/Out’ BNC

For timing and synchronization with other instruments gate signals from 

sources Time (internal), IMMediate (internal), and INPut[1]/INPut2 

(Chan 1 and Chan 2 softkeys) can be routed to the rear panel ‘Gate In/ Out’ con-

nector and assigned a polarity using the commands:

OUTPut[:STATe]{OFF|ON}
OUTPut[:STATe]?  (queryform)

OUTPut:POLarity{NORMal|INVerted}
OUTPut:POLarity? (queryform)

ON enables “Gate Out” - gate signals are routed to the rear panel BNC. OFF dis-

ables “Gate Out” - the BNC is an external (“Gate In”) source. Therefore, 

OUTPut:STATeOFF must be set when the gate source is EXTernal.

NORMal - the polarity of the gate signal output from the "Gate Out" BNC is a 

rising (positive) edge. INVerted - the gate signal polarity is a falling (nega-

tive) edge.
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Burst Carrier Frequency Measurements 

The 53230A counter with channel 3 Option 106 or 115 (6 GHz or 15 GHz 

microwave input) and Pulse Microwave Measurement Option 150 enables 

measurement of the burst carrier frequency. A representation of the carrier 

frequency is shown in Figure 5-6. 

Figure 5-6. Burst Carrier Frequency (-6 dB threshold).

p-p
amplitude

- 6dB

burstcarrierfrequency

‘on’

time

NOTE See “Burst Measurement Detector Threshold” in Chapter 4 for more information 

on burst pulse characteristics. 
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Setting Narrow Pulse Mode

For carrier frequency measurements with ‘on durations’ (Figure 5-6) less than 

10 µs, narrow pulse mode must be set using the command:

[SENSe:]FREQuency:BURSt:GATE:NARRow{OFF|ON}
[SENSe:]FREQuency:BURSt:GATE:NARRow? (queryform)

ON - enables narrow pulse mode for ‘on durations’ less than 10 µs. Automatic 

gate set up (SENSe:FREQuency:BURSt:GATE:AUTOON) is always used 

when narrow mode is enabled. 

OFF - disables narrow pulse mode. For ‘on durations’ greater than 20 µs, nar-

row pulse mode must be disabled.

Following a reset (*RST) or instrument preset (SYSTem:PRESet or Preset

key), narrow pulse mode is disabled.

Carrier Frequency Gate Control
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Gate control for measuring the carrier frequency can occur automatically dur-

ing the measurement or be controlled manually as shown in Figure 5-7.

Figure 5-7. Carrier Frequency Measurement Gate Control.

The method of gate control is set with the command:

[SENSe:]FREQuency:BURSt:GATE:AUTO{OFF|ON}
[SENSe:]FREQuency:BURSt:GATE:AUTO?  (queryform)

- when ON, the gate time and delay are automatically configured based on the 

characteristics of the pulse signal. Following a reset (*RST) or instrument pre-

set (SYSTem:PRESet or Presetkey), automatic gate control is enabled (ON). 

When OFF, the gate time and delay are set manually using the commands:

GateControl

OFF

SENSe:FREQuency:BURSt:GATE:AUTO

SENSe:FREQuency:BURSt:GATE:TIME

(from Triggered State)

AutomaticGateControl

ON

BurstGateTime

BurstGateDelaySENSe:FREQuency:BURSt:GATE:DELay

SENSe:FREQuency:BURSt:GATE:NARRow

53230AOpt.150 NarrowPulseMode

ON

OFF

ManualGateControl
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[SENSe:]FREQuency:BURSt:GATE:TIME{<time>|MINimum|
MAXimum|DEFault}

[SENSe:]FREQuency:BURSt:GATE:TIME?[{MINimum|MAXimum|

DEFault}] (queryform)

[SENSe:]FREQuency:BURSt:GATE:DELay{<delay>|MINimum|
MAXimumDEFault}

[SENSe:]FREQuency:BURSt:GATE:DELay?[{MINimum|MAXimum|
DEFault}] (queryform)

- time sets the gate time for measuring the pulse burst carrier frequency. For 

accurate results, the gate window (open/close) must be within the threshold 

detector’s (-6 dB, -12 dB) sensitivity range. The range for time is 

1 µs to 100s with 10 ns resolution.

Following a reset (*RST) or instrument preset (SYSTem:PRESet or Preset

key), the gate time is set to 1 µs.

- delay sets the gate delay at the start of the measurement. The delay starts 

when the input level reaches the detector threshold (-6 dB, -12 dB) set by the 

INPut3:BURSt:LEVel command. The delay range is 0s to 10s, with 10 ns 

resolution. 

Following a reset (*RST) or instrument preset (SYSTem:PRESet or Preset

key), the delay is set to 0.0s.

Carrier Frequency Configuration Example

The following example shows a typical configuration for a burst carrier fre-

quency measurement. In the example, the gate delay and gate time are set 

manually. If the characteristics of the pulse are unknown, the “on time” can be 

measured separately to insure that the delay and time are set within the 

threshold detector’s sensitivity range (see Chapter 3 for more pulse measure-

ment examples).

//measuretheontimeofthebursttodetermine

www.valuetronics.com



53220A/53230A User’s Guide 177

Triggering and Gating 5

//appropriatedelayandgatetimes
CONF:PWID:BURS(@3)

INP3:BURS:LEV-6
READ?
.
.
//measuretheburstcarrierfrequency
CONF:FREQ:BURS(@3)

INP3:BURS:LEV-6 //setdetectorthresholdlevel
SENS:FREQ:BURS:GATE:NARROFF //turnnarrowmodeoff
SENS:FREQ:BURS:GATE:AUTOOFF//manuallysetdelay/time
SENS:FREQ:BURS:GATE:DEL5E-6//setgatedelay
SENS:FREQ:BURS:GATE:TIME10E-6//setgatetime

READ?

Advanced Gate Control - Gate Start

Setting the gate source to ADVanced during configuration of frequency, total-

izing, and time interval measurements enables additional (start/stop) control 

of the measurement gate. Figure 5-8 repeats the gate start source section of 

the full trigger/gate cycle shown in Figure 5-2.
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Figure 5-8. Gate Start Sequence.

Gate Start Source

The specific command which sets the gate start (open) source is:

GateDelay

GateStartSource

GateSlope

ADVanced

IMMediate

EXTernal

SENSe:GATE:STARt:SOURce

SENSe:GATE:STARt:SLOPe

SENSe:GATE:STARt:DELay:SOURce

SENSe:GATE:STARt:DELay:EVENts
( input channel)

SENSe:GATE:STARt:DELay:TIME

IMMediate

GateStart(open)

(internal)

*notavailablewithtimeinterval

INPut[1]|INPut2*

SENSe:GATE:EXTernal:SOURce ExternalGateSource

BNC

(delay disabled)

GateSource
SENSe:FREQuency:GATE:SOURce

SENSe:TOTalize:GATE:SOURce

SENSe:TINTerval:GATE:SOURce

(from Triggered State)shownfirstsequentially
setlastprogrammatically
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[SENSe:]GATE:STARt:SOURce{IMMediate|EXTernal}
[SENSe:]GATE:STARt:SOURce? (queryform)

- gate source IMMediate starts (opens) the measurement gate immediately 

after a system trigger is received and following any programmed system trig-

ger and gate start delay. 

- gate source EXTernal sets the gate source to be specified by the command:

[SENSe:]GATE:EXTernal:SOURce{BNC|INPut[1]|INPut2}
[SENSe:]GATE:EXTernal:SOURce? (queryform)

- gate source BNC is the counter’s rear panel ‘Gate In/Out’ BNC. 

- gate source INPut[1]and INPut2 (represented by softkeys Chan 1 and 

Chan 2) are the counter’s channel 1 and channel 2 inputs. These sources are 

not available for time interval, pulse width, duty cycle, rise/fall time, or 

phase measurements.

External Gate Start Signal Polarity

When using the external gate sources listed, the polarity of the start gate sig-

nal is set (changed) with the command:

NOTE OUTput:STATeOFF must be set when using gate source BNC. See “Enabling 

Gate Signals on the ‘Gate In/Out BNC” for more information and for information 

on using gate signals to synchronize other instruments. 
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[SENSe:]GATE:STARt:SLOPe{POSitive|NEGative}
[SENSe:]:GATE:START:SLOPe? (queryform)

POSitive starts (opens) the gate on a positive edge on the Gate In/Out BNC 

or channel 1/channel 2 input. NEGative starts the measurement on a nega-

tive edge on the Gate In/Out BNC or channel 1/channel 2 input. The gate is 

stopped (closed) based on the corresponding stop gate settings.

Following a reset (*RST) or instrument preset (SYSTem:PRESet or Preset

key), a negative slope is selected. 

External Gate Start Signal Threshold

For external sources INPut[1] and INPut2 (Chan 1 and Chan 2 softkeys), a 

fixed input threshold voltage must also be specified in addition to the gate sig-

nal slope. This is done using the command:

INPut[{1|2}]:LEVel[{1|2}][:ABSolute]{<volts>|MINimum|
MAXimum|DEFault}

INPut[{1|2}]:LEVel[{1|2}][:ABSolute]?[{MINimum|MAXimum|
DEFault}]  (queryform)
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The specified edge (slope) of the gate signal crossing the threshold starts the 

gate. (More information on the INPut subsystem can be found in Chapter 4 - 

“53220A/53230A Input Signal Conditioning”.) 

When using external sources INPut[1] and INPut2, the channel selected as 

the gate source cannot be the same channel on which the measured signal is 

applied. That is, the gate start source channel cannot be involved in the mea-

surement.

Gate Start Configuration Example

The following example shows low-level user control of the start gate by setting 

multiple parameters.

//configurethecounterforanexternallygatedfrequency
//measurement.Thegatestartsignalisappliedtotherear
//panel‘GateIn’BNC
CONF:FREQ(@2) //frequencymeasurementonchannel2

TRIG:SOURINT //useinternaltriggersource
SAMP:COUN3 //set3readings(gatecycles)
SENS:GATE:STAR:SOUREXT//setanexternalgatesource
SENS:GATE:EXT:SOUREXT //selectrearpanelGateInBNC
OUTP:STATOFF //disableBNCasanoutput
SENS:GATE:STAR:SLOPPOS //setapos.startgateslope
SENS:FREQ:GATESOURADV //low-levelgatecontrol

Setting a Gate Start Delay

When using either an internal (immediate) or external signal to start (open) 

the gate, a delay from when the signal is received to when the gate is started 

(opened) can be specified. The delay source and its parameters are set with 

the commands:
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[SENSe:]GATE:STARt:DELay:SOURce{IMMediate|EVENts|TIME}
[SENSe:]GATE:STARt:DELay:SOURce? (queryform)

- delay source IMMediate disables the delay settings and no gate delay 

occurs. CONFigure and MEASure do not change the delay source setting. Fol-

lowing a reset (*RST) or instrument preset (SYSTem:PRESet or Presetkey), 

delay source IMMediate is selected. 

- delay source EVENts delays the gate start (open) until a specified number of 

events (edges) as configured by the INPut subsystem occur on the input chan-

nel . For two-channel time interval measurements, delay events are counted 

on the ‘start’ channel. For frequency ratio measurements, delay events are 

counted on the ‘denominator’ channel. 

The number of events is specified with the command:

[SENSe:]GATE:STARt:DELay:EVENts{<count>|MINimum|
MAXimum|DEFault}

[SENSe:]GATE:STARt:DELay:EVENts? (queryform)

- delay source TIME delays the gate start (open) for a period set by the com-

mand:

[SENSe:]GATE:STARt:DELay:TIME{<time>|MINimum|MAXimum|
DEFault}

[SENSe:]GATE:STARt:DELay:TIME? (queryform)

Advanced Gate Control - Gate Stop Hold Off and Gate Stop 

Advanced gate control also includes (optionally) enabling a gate stop hold off 

and setting the gate stop (close) parameters. Figure 5-9 repeats the gate stop 

hold off and gate stop sections of the full trigger/gate cycle shown in Figure 

5-2.
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Figure 5-9. Gate Stop Hold Off and Gate Stop Sequence.

Gate Stop Hold Off

The gate stop hold off delays the gate from stopping (closing) for a specified 

time or until a specified number of events (edges) have occurred on the input 

channel. 

For totalizing measurements or when specifying a hold off in terms of time, 

the hold off begins when the gate opens. For all other measurements or when 

specifying a hold off for a number of input events, the hold off begins on the 

first event after the gate opens (Figure 5-1).

(from Gate Start (open))

*notavailablewithtimeinterval

GateStopSourceSENSe:GATE:STOP:SOURce
IMMediate

GateSlopeSENSe:GATE:STOP:SLOPe

GateStop(closed)

EXTernal

INPut[1]*|INPut2*

SENSe:GATE:EXTernal:SOURce ExternalGateSource

EXTernal/

(internal)

GateStopHoldOff

SENSe:GATE:STOP:HOLDoff:EVENts

( input channel)

SENSe:GATE:STOP:HOLDoff:SOURce

IMMediate

(holdoff disabled)

SENSe:GATE:STOP:HOLDoff:TIME

Gate stop source does not apply to rise/fall 

time, duty cycle, pulse width, phase, and 
single-period measurements
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Gate Stop Hold Off Source

The gate stop holdoff source and its parameters are set with the commands:

[SENSe:]GATE:STOP:HOLDoff:SOURce{IMMediate|EVENts|TIME}
[SENSe:]GATE:STOP:HOLDoff:SOURce? (queryform)

- holdoff source IMMediate disables the hold off settings and no gate holdoff 

occurs. The gate closes immediately after the gate stop parameters are satis-

fied.

CONFigure and MEASure do not change the hold off source setting. Following 

a reset (*RST) or instrument preset (SYSTem:PRESet or Presetkey), hold off 

source IMMediate is selected (disabled). 

- hold off source EVENts holds off the gate stop (close) until a specified num-

ber of events (edges) as configured by the INPut subsystem occur on the input 

channel. For two-channel time interval measurements, hold off events are 

counted on the ‘stop’ channel. For frequency ratio measurements, hold off 

events are counted on the ‘denominator’ channel. 

The number of events is specified with the command:

[SENSe:]GATE:STOP:HOLDoff:EVENts{<count>|MINimum|
MAXimum|DEFault}

[SENSe:]GATE:STOP:HOLDoff:EVENts? (queryform)
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- holdoff source TIME holds off the gate stop (close) for a period set by the 

command:

[SENSe:]GATE:STOP:HOLDoff:TIME{<time>|MINimum|MAXimum|
INFinity|DEFault}

[SENSe:]GATE:STOP:HOLDoff:TIME? (queryform)

Note for frequency, frequency ratio, average period, PRF, and PRI measure-

ments, the minimum gate stop (close) holdoff time is 100 usec for the 53220A, 

or 1 usec for the 53230A.

INFinity or +9.9E+37 is accepted only for the TOTalize measurement func-

tion.  When selected, the gate remains open until an ABORt or *RST command 

or a device clear is received.

Gate Stop Source

The gate stop source determines when the measurement gate is closed follow-

ing the stop hold off. 

NOTE Setting a gate stop source does not apply to rise/fall time, duty cycle, pulse width, 

phase, and single period measurements. These measurements complete auto-

matically on the next appropriate edge on the input channel. 
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The specific command which sets the gate stop source is:

[SENSe:]GATE:STOP:SOURce{IMMediate|EXTernal}
[SENSe:]GATE:STOP:SOURce? (queryform)

- gate source IMMediate stops (closes) the measurement gate immediately fol-

lowing any gate stop hold off. 

- gate source EXTernal sets the gate stop source to be specified by the com-

mand:

[SENSe:]GATE:EXTernal:SOURce{EXTernal|INPut[1]|INPut2}
[SENSe:]GATE:EXTernal:SOURce? (queryform)

- gate source EXTernal is the counter’s rear panel ‘Gate In/Out’ BNC. 

- gate source INPut[1]and INPut2 (not available with time interval measure-

ments) are the counter’s channel 1 and channel 2 inputs (front or rear panel - 

Opt. 201).

CONFigure and MEASure do not change the gate stop source setting. Follow-

ing a reset (*RST) or instrument preset (SYSTem:PRESet or Presetkey), gate 

stop source EXTernal is selected.

NOTE OUTput:STATeOFF must be set when using gate source EXTernal. See 

“Enabling Gate Signals on the ‘Gate In/Out BNC” for more information and for 

information on using gate signals to synchronize other instruments. 
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External Gate Stop Signal Polarity

When using the external gate sources listed above, the polarity of the stop gate 

signal is set (changed) with the command:

[SENSe:]GATE:STOP:SLOPe{POSitive|NEGative}
[SENSe:]:GATE:STOP:SLOPe? (queryform)

POSitive stops (closes) the gate on a positive edge on the Gate In/Out BNC 

or channel 1/channel 2 input. NEGative stops the measurement on a negative 

edge on the Gate In/Out BNC or channel 1/channel 2 input. 

CONFigure and MEASure do not change the slope setting. Following a reset 

(*RST) or instrument preset (SYSTem:PRESet or Presetkey), a positive slope 

is selected. 
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External Gate Stop Signal Threshold

For external sources INPut[1] and INPut2 (Chan 1 and Chan 2 softkeys), a 

fixed input threshold voltage must also be specified in addition to the gate sig-

nal slope. This is done using the command:

INPut[{1|2}]:LEVel[{1|2}][:ABSolute]{<volts>|MINimum|
MAXimum|DEFault}

INPut[{1|2}]:LEVel[{1|2}][:ABSolute]?[{MINimum|MAXimum|
DEFault}]  (queryform)

The specified edge (slope) of the gate signal crossing the threshold stops the 

gate. (More information on the INPut subsystem can be found in Chapter 4 - 

“53220A/53230A Input Signal Conditioning”.) 

When using external sources INPut[1] and INPut2, the channel selected as 

the gate source cannot be the same channel on which the measured signal is 

applied. That is, the gate start source channel cannot be involved in the mea-

surement.
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Gate Hold Off and Stop Configuration Example

The following example shows the sequence commonly used when configuring 

the stop gate hold off and stop gate using low-level commands.

//configurethecounterforanexternallygatedtime
//intervalmeasurement.Thegatestartandstopsignalsare
//appliedtotherearpanel‘GateIn’BNC.Gateclosingis
//heldofffor1secondafterthestopgatesignalis
//received.
//
CONF:TINT(@1),(@2) //timeintervalmeasch1-ch2

TRIG:SOURINT //useinternaltriggersource
TRIG:COUN1 //specifyonetrigger
SAMP:COUN2 //set2readings(gatecycles)
SENS:GATE:STAR:SOUREXT //setanexternalgatesource
SENS:GATE:EXT:SOUREXT //selectrearpanelGateInBNC
SENS:GATE:STAR:SLOPPOS//setapos.startgateslope
OUTP:STATOFF //disableBNCasanoutput
//
//configureholdoffandstopgate

//
SENS:GATE:STOP:HOLD:SOURTIME//holdoffsource
SENS:GATE:STOP:HOLD:TIME1 //holdoffgateclosefor1s
SENS:GATE:STOP:SOUREXT //externalstopgatesource
SENS:GATE:EXT:SOUREXT //selectrearpanelGateInBNC
SENS:GATE:STOP:SLOPPOS //selectpos.stopgatesource
SENS:TINT:GATESOURADV //low-levelgatecontrol

READ? //initiatecounterandtakereading

Automatic Gate Extension

Inherent to 53220A/53230A frequency and period measurements is auto-

matic gate extension in which the measurement ends one edge (event) of the 

input signal after the gate is closed (stopped). Thus, the sample count 

(SAMPle:COUNt) does not increment and cause a potential state change in 

the trigger/gate cycle (Figure 5-2) until the gate extension is complete.
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The Agilent 53220A/53230A counter features math operations that allow you 

to scale readings, test limits, and statistically analyze data. Its graphics func-

tions compute and display histograms and trend charts of real time measure-

ment data. 

This chapter provides information on how these features are used through the 

SCPI CALCulate subsystem and with the front panel Math, Graph, and Data Log 

keys. 
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Math Functions

The 53220A/53230A counter math functions include smoothing, null/scale, 

statistics, and limit checking. Figure 6-1 is a description of how the functions 

are enabled. 

The math functions are enabled at two levels: 1) the CALCulate[1] sub-

system as a whole is enabled, and 2) the individual math operation is enabled. 

Math operations begin once the measurements are started either by INI-

Tiate:IMMediate or READ?, or as soon as the operation is selected from the 

front panel (with internal triggering). Readings are processed real time and 

displayed, stored in reading memory, and sent to the ouput buffer (they are 

not post-processed from reading memory). 

The number of readings processed for a given trigger cycle (Chapter 5: “Trig-

gering and Gating”) is determined by the trigger count (TRIGger:COUNt) and 

the number of readings per trigger (SAMPle:COUNt). The default trigger 

count and sample count set by each command is ‘1’. Each time the counter is 

initiated reading memory is cleared and a new set of math-processed data is 

generated. From the front panel, readings are processed continually if the trig-

ger source remains at its default INTernal setting.

The math and graphics functions covered in this chapter are enabled individu-

ally (Figure 6-1). However, multiple operations may be enabled at the same 

time and performed on the same set of readings.

NOTE The SCPI commands and parameters listed throughout this chapter are provided 

as a guide to how the counter is operated programmatically. The commands are 

described in detail in the ‘Programmer’s Reference’ section of the Agilent 

53210A/53220A/53230A Product Reference CD. 
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Figure 6-1. Enabling the Math Operations.

Enabling the CALCulate1 Subsystem

Individual math operations require the CALCculate1 subsystem and the spe-

cific math operation to be enabled before the operation is performed. The 

command used to enable the CALCulate1 subsystem is:

CALCulate[1][:STATe]{OFF|ON}
CALCulate[1][:STATe]? (queryform)

ONenables the subsystem, OFF disables the subsystem. With the subsystem 

disabled, measurement data is sent directly to the output buffer and/or read-

ing memory with no math operations performed, regardless of any math 

operations enabled. 

reading memory 

CALCulate1:AVERage
(statistics) 

CALCulate1:SCALe
(scaling and offset) 

CALCulate1:LIMit
(limit checking) 

CALCulate2:TRANsform:HISTogram
(histograms) 

measurement
data CALCulate1:STATe ON

CALCulate1:SCALe: STATe ON

CALCulate2:TRANsform:HISTogram:STATe ON

CALCulate1:LIMit:STATe ON

CALCulate1:AVERage:STATe ON

INITiate:IMMediate

READ?

CALCulate1:SMOothing
(moving average) 

CALCulate1:SMOothing:STATe ON

output 
buffer 

readingsinitiatedbyINITiate:IMMediatearesenttoreadingmemory.

readingsinitiatedbyREAD?aresenttoreadingmemoryandtotheoutputbuffer
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A reset (*RST), instrument preset (SYSTem:PRESet), or changing the mea-

surement function disables the CALCulate1 subsystem. 

Smoothing Data

Measurements can be “smoothed” and scaled prior to performing math opera-

tions on the incoming data.

To reduce random noise, a moving average (boxcar) filter can be inserted into 

the data path (Figure 6-1). To enable the filter and specify the number of read-

ings (subset) to average, the following commands are used:

CALCulate[1]:SMOothing[:STATe]{OFF|ON}
CALCulate[1]:SMOothing[:STATe]? (queryform)

CALCulate[1]:SMOothing:RESPonse{SLOW|MEDium|FAST}
CALCulate[1]:SMOothing:RESPonse? (queryform)

ON enables the moving average filter - placing it in the data path. OFF disables 

the filter. A reset (*RST) or instrument preset (SYSTem:PRESet) disables the 

filter.
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The number of readings to average is specified as:

SLOW - 100 readings: with + 100 ppm change required to reset filter

MEDium - 50 readings: with + 300 ppm change required to reset filter

FAST- 10 readings: with + 1000 ppm change required to reset filter

The filter is reset if the measurement function or channel is changed, if 

another set of readings is initiated, or if a measurement is outside the range 

corresponding to the number of readings specified (SLOW, MEDium, FAST). 

After the filter is reset, the reading is the average of all readings up to the 

specified response (10, 50, 100). At that point, the reading is the moving aver-

age of the last 10, 50, or 100 measurements. Equal weighting is applied to all 

measurements in the average.

A reset (*RST) or instrument preset (SYSTem:PRESet) sets the response to 

FAST.

Smoothing Example

//frequencymeasurementofexpected1kHzsignal-ch1
//reducenoiseon5,000readings
CONF:FREQ1E3,(@1)

SAMP:COUN5000 //take5000reading
CALC:STATON //enableCALCulate1subsystem
CALC:SMO:STATON //enablemovingaveragefilter

 CALC:SMO:RESPSLOW//average100readings
INIT

Scaling Functions

When scaling is enabled statistical analysis, limit checking, histograms, and 

trend charts use scaled data. Figure 6-2 shows the display with scaling func-

tions enabled.
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Figure 6-2. 53220A/53230A Display with Scaling Functions Enabled.

Enabling the Scale Functions

All 53220A/53230A scaling functions are enabled with the command:

CALCulate[1]:SCALe[:STATe]{OFF|ON}

CALCulate[1]:SCALe[:STATe]? (queryform)

ON enables scaling. OFF disables scaling. 

Following a reset (*RST) or instrument preset (SYSTem:PRESet), scaling is 

disabled.

CALCulate1:SCALe:UNIT

CALCulate1:SCALe:UNIT:STATe ON

CALCulate1:SCALe:STATe ON

CALCulate1:STATe ON

CALCulate1:SCALe:FUNCtion
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Using the Scale Functions

The counter scaling functions include null, percent change (PCT), part per mil-

lion change (PPM), part per billion change (PPB), and scale (Mx-B). The func-

tion is selected with the command:

CALCulate[1]:SCALe:FUNCtion{NULL|PCT|PPM|PPB|SCALe}
CALCulate[1]:SCALe:FUNCtion? (queryform)

NULL - performs a null operation.  The result is the measurement minus the 

reference value. (See “Scale Reference Value” for information on setting the 

reference). 

PCT - performs a percent change operation.  The result is the difference 

between the measurement and the reference value, expressed in percentage.

PPM - performs a parts per million change operation. The result is the differ-

ence between the measurement and the reference value, expressed in parts 

per million.

PPB - performs a parts per billion change operation. The result is the differ-

ence between the measurement and the reference value, expressed in parts 

per billion.

SCALe-performs an Mx-B operation.  The result is the measurement (x) 

multiplied by the gain value M (CALCulate1:SCALe:GAIN command) minus 

the offset value B (CALCulate1:SCALe:OFFSet). If

CALCulate1:SCALe:INVert is enabled (On), the measurement will first be 

inverted (1/x), resulting in a M/x-B operation.
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Scaling function results must be in the range of -1.0E+24to-1.0E-24, 

0.0,  or +1.0E-24to1.0E+24.  Results outside these limits will be 

replaced with -9.9E+37 (negative infinity), 0, or +9.9E+37 (positive infin-

ity).

Following a reset (*RST) or instrument preset (SYSTem:PRESet), the scaling 

function is set to NULL.

Scale Reference Value

The NULL, PCT, PPM, and PPB scaling functions require a reference value. For 

PCT, PPM, and PPB the value cannot be ‘0’.The reference can be obtained auto-

matically or specified directly with the commands:

CALCulate[1]:SCALe:REFerence:AUTO{OFF|ON}
CALCulate[1]:SCALe:REFerence:AUTO?  (queryform)

CALCulate[1]:SCALe:REFerence{<reference>|MINimum|MAXimum|
DEFault}

CALCulate[1]:SCALe:REFerence?[{MINimum|MAXimum|DEFault}]
(queryform)

ON - automatically selects the first measurement as the reference for all subse-

quent readings in the reading count (trigger count x sample count). OFF dis-

ables automatic selection and requires the reference to be specified directly. 

Following a reset (*RST) or instrument preset (SYSTem:PRESet), automatic 

reference selection is enabled (ON).

<reference>-specifies the reference value directly. The reference is used 

for all readings in the reading count. 
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Following a reset (*RST) or instrument preset (SYSTem:PRESet), a reference 

value of 0.0 is set and automatic reference is enabled.

From the front panel, pressing Get New Reference takes a reference measure-

ment on the first trigger received after the key is pressed. A reference can be 

entered manually by selecting Ref Value and using the knob or SHIFTed numeric 

keys.

Reference Example

//determinethepercentagedifferenceof100frequency
//measurementstoareferencevalueof50000.000
CONF:FREQ50E3,(@1)

SAMP:COUN100 //take100readings
CALC:STATON //enableCALCulate1subsystem
CALC:SCAL:STATON //enablescaling
CALC:SCAL:FUNCPCT //selectscalefunction(PCT)
CALC:SCAL:REF50.000E3 //setreferencevalue

INIT

Scale Gain and Offset

The function CALCulate[1]:SCALe:FUNCtionSCALeperforms an Mx-B 

operation on each reading where M is the gain value, x is the reading, and B is 

the offset. The gain value used in the equation is set with the command:

CALCulate[1]:SCALe:GAIN{<gain>|MINimum|MAXimum|DEFault}
CALCulate[1]:SCALe:GAIN?[{MINimum|MAXimum|DEFault}]

(queryform)

gain values can range from:

-1.0E+15 to -1.0E-15,0.0, +1.0E-15 to +1.0E+15 

The default gain is 1.0 and is the value set following a reset (*RST) or instru-

ment preset (SYSTem:PRESet). 
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The offset value (B) is set with the command:

CALCulate[1]:SCALe:OFFSet{<offset>|MINimum|MAXimum|
DEFault}

CALCulate[1]:SCALe:OFFSet?[{MINimum|MAXimum|DEFault}]

 (queryform)

offset values can range from 

-1.0E+15 to -1.0E-15,  0.0, +1.0E-15 to +1.0E+15

The default offset is 0.0 and is the value set following a reset (*RST) or 

instrument preset (SYSTem:PRESet). 

Inverting the Reading (1/x) Each reading as it is taken can be inverted prior 

to its use in the Mx-B equation which thus becomes M/x-B. Inversion is 

enabled with the command:

CALCulate[1]:SCALe:INVert{OFF|ON} 

CALCulate[1]:SCALe:INVert? (queryform)

ON - inverts the reading. OFF disables reading inversion. 

Following a reset (*RST) or instrument preset (SYSTem:PRESet) reading 

inversion is disabled.

NOTE When Invert x is enabled (On) the front panel reading units (Hz, sec) are turned 

off. See “Assigning Reading Units” if displayed units are required. 
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Assigning Reading Units

For ease in identifying readings from the front panel, a user-defined “units 

string” can be assigned to any scale function. The user string replaces the 

instrument-assigned measurement units (Hz, pct, ppm, ...). The unit prefix 

( µ, m, k, M) remains. 

The units string is displayed on the counter and defined using the commands: 

CALCulate[1]:SCALe:UNIT:STATe{OFF|ON}
CALCulate[1]:SCALe:UNIT:STATe? (queryform)

CALCulate[1]:SCALe:UNIT"<units>"

CALCulate[1]:SCALe:UNIT? (queryform)

ON - displays user-defined units on the front panel. OFF - turns off the 

user-defined units.
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units are one to four characters. Double quotes enclosing the string are 

included in the command. The assigned units appear in the counter display 

only. 

Following a reset (*RST) or instrument preset (SYSTem:PRESet) user-defined 

units are disabled.

From the front panel, units are entered by pressing the User Units softkey, 

enabling the units (On), and using the rotary knob and arrows to enter and 

select the character position.

Scaling Example

The following example is a typical sequence of scaling commands from the 

SCPI CALCulate[1] subsystem. 

//Scale500readings(M/x-B)andassignreadingunits

CONF:FREQ(@1) //frequencymeasurement
SAMP:COUN500 //500readings/trigger
SENS:FREQ:GATE:TIME.010 //setminimumgatetime
CALC:STATON //enableCALCulate1subsystem

CALC:SCAL:STATON //enablescalingoperation
CALC:SCAL:FUNCSCAL //setscalingfunction=Mx-B
CALC:SCAL:INVON //invertreadings(M/x-B)
CALC:SCAL:GAIN100 //setgain(M)
CALC:SCAL:OFFS0 //setoffset(B)
CALC:SCAL:UNIT:STATON //enableuser-definedunits
CALC:SCAL:UNIT"sec" //assignunitstoreadings

INIT   //initiatereadings

For an input frequency of 1 MHz, the counter should display readings of 

approximately +100.00...usec.

www.valuetronics.com



53220A/53230A User’s Guide 203

53220A/53230A Math, Graphing, and Data Logging 6

Statistics

Statistical calculations are performed continually on readings as they are 

taken, or until the total reading count (TRIGger:COUNt x SAMPle:COUNt) is 

reached. The commands used to generate statistical data are covered in this 

section. 

As mentioned, multiple operations can be enabled at the same time. Figure 6-3 

is an example with statistics and limit checking enabled.

Figure 6-3. Counter Display with Limit Testing and Statistics Enabled.

Enabling Statistics

Before statistical calculations are performed they must be enabled using the 

command:

CALCulate1:AVERage:STATe ONCALCulate1:STATe ON

CALCulate1:AVERage CLEar
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CALCulate[1]:AVERage:STATe{OFF|ON}
CALCulate[1]:AVERage[:STATe]? (queryform)

ON - enables statistical calculations on the readings as they occur. Statistical 

data includes: mean, standard deviation, Allan deviation, maximum value, 

minimum value, and average peak-to-peak value. 

OFF - disables statistics computation. 

Following a reset (*RST) or instrument preset (SYSTem:PRESet), statistical 

computations are disabled.

Reading Count

Statistical calculations start when Math and the Statistics function are enabled. 

The number of readings on which a given set of statistics are based is shown as 

the Count value (Figure 6-3). The count can also be queried with the command:

CALCulate[1]:AVERage:COUNt:CURRent?

The count can be read at any time after the measurements have been initiated 

(i.e. INITiate:IMMediate, READ?, MEASure?).

Following a reset (*RST) or instrument preset (SYSTem:PRESet), the count is 

set to ‘1’. 

Mean, Standard Deviation, Minimum Value, Maximum Value

The mean (average), standard deviation, minimum value, and maximum value 

for the current reading count can be determined with the command:

CALCulate[1]:AVERage:ALL?

If the readings have been scaled (see “Scaling Functions”), the statistics are 

based on the scaled readings. 
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Example: Enabling and Computing Statistics

The following example returns the mean, standard deviation, minimum value, 

and maximum value for a set of 500 readings. The trigger count setting, 

although it defaults to ‘1’, is shown for completeness. A ‘wait’ statement is 

included to delay the analysis until all readings are complete.

CONF:FREQ(@1) //frequencymeasurementonch1
TRIG:COUN1 //triggercountis1
SAMP:COUN500 //500readingspertrigger
SENS:FREQ:GATE:TIME10e-3 //10msgatetime
CALC:STATON //enableCALCulate1subsystem
CALC:AVER:STATON //enablestatistics

INIT //initiatedthemeasurements
*WAI //waitforallrdgstocomplete
CALC:AVER:ALL? //computestatistics

Typical data returned for this command is:

                mean                                         std. dev 

+5.50020355962701E+006 +2.59738014535884E+006

min value max value

+1.04179550991303E+006, +9.94903904473447E+006

Average Value, Minimum Value, Maximum Value, Average Peak-to-Peak Value

Individual characteristics of a given set of readings can be determined using 

the following commands. Before any of the commands are used, statistics must 

be enabled with CALCulate[1]:AVERage:STATeON.

CALCulate[1]:AVERage:AVERage? 

- returns the average (mean) of all readings in the reading count.

CALCulate[1]:AVERage:MINimum? 

- returns the minimum value of all readings in the current reading count.
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CALCulate[1]:AVERage:MAXimum? 

- returns the maximum value of all readings in the current reading count.

CALCulate[1]:AVERage:PTPeak? 

- returns the average peak-to-peak value (average maximum value - average 

minimum value) of all readings in the reading count. 

Example: Computing Individual Statistics

The following example shows these reading parameters queried individually.

CONF:PER(@1) //configureperiodmeasurement
TRIG:COUN2 //triggercount=2
SAMP:COUN100 //100rdgspertrigger

SENS:FREQ:GATE:TIME10e-3 //10msgatetime
CALC:STATON //enableCALCulate1subsystem
CALC:AVER:STATON //enablestatistics

INIT //initiatethemeasurements
*WAI //waitforallrdgstocomplete
CALC:AVER:MIN? //queryindividualparameters
CALC:AVER:MAX?
CALC:AVER:AVER?
CALC:AVER:PTP?

Allan Deviation

Allan deviation which is used to estimate stability, is selectable from the front 

panel (Figure 6-3) or can be enabled with the command:

CALCulate[1]:AVERage:ADEViation?

Allan deviation is used for frequency measurements only, and 

requires continuous (gap-free) measurements (SENSe:FREQuency:MODE

CONTinuous) for highest accuracy. Continuous mode is available with the 

53230A only. 

Allan deviation is also available with the 53220A; however, the 53220A does 
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not support continuous (gap free) measurements.

Example: Setting up an Allan Deviation Measurement (53230A)

CONF:FREQ(@1) //frequencymeasurementonch1
TRIG:COUN1  //settriggercount
SAMP:COUN300 //take300readings
SENS:FREQ:MODECONT  //setcontinuousgap-freemode
SENS:FREQ:GATE:TIME1e3//1msgatetime
CALC:STATON //enableCALCulate1subsystem
CALC:AVER:STATON //enablestatistics

INIT //initiatedthemeasurements
*WAI //waitforallrdgstocomplete
CALC:AVER:ADEV? //computeAllandeviation

Standard Deviation

Standard deviation is available with both counters using the command:

CALCulate[1]:AVERage:SDEViation?

The CALCulate1 subsystem and statistics must also be enabled before the 

standard deviation can be determined.

Clearing/Resetting Statistics

The current set of reading statistics is clear by any of the following:

• enabling statistical functions - CALCulate[1]:AVERage[:STATe]ON

• a new measurement cycle -INITiate:IMMediate, READ?, MEASure?

• sending a new SCPI command or changing a current SCPI parameter

• a reset or instrument preset - *RST,SYSTem:PRESet

These steps also clear all readings in reading memory. To clear statistics with-

out clearing reading memory, the following command is used:

CALCulate[1]:AVERage:CLEar[:IMMediate]
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Limit Checking

Limit checking enables counter measurements to be compared on a read-

ing-by-reading basis to a lower limit and upper limit. 

Limits that are exceeded are reported in the counter’s Questionable Data reg-

ister (bits 11 and 12). Register definitions and are contained in Chapter 8.

When enabled, limit checking appears on the counter display as shown in Fig-

ure 6-4.

Figure 6-4. 53220A/53230A Limit Checking.

CALCulate1:STATe ON

CALCulate1:LIMit:STATe ON

CALCulate1:LIMit:UPPer
CALCulate1:LIMit:LOWer

CALCulate1:LIMit:CLEar
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Enabling Limit Checking

Limit checking is enabled with the command:

CALCulate[1]:LIMit[:STATe]{OFF|ON} 

CALCulate[1]:LIMit[:STATe]?  (queryform)

ON - enables limit checking. 

OFF disables (bypasses) limit checking. Enabling limit checking enables both 

lower and upper limit boundaries. 

Setting Lower and Upper Limits

Lower and upper limits are set using the commands:

CALCulate[1]:LIMit:LOWer[:DATA]{<value>}|MINimum|MAXimum|
DEFault}

CALCulate[1]:LIMit:LOWer[:DATA]?|MINimum|MAXimum|DEFault}
(queryform)

CALCulate[1]:LIMit:UPPer[:DATA]{<value>}|MINimum|MAXimum|
DEFault}

CALCulate[1]:LIMit:UPPer[:DATA]?|MINimum|MAXimum|DEFault}
(queryform)

The lower limit and upper limit value ranges are:

-1.0E+15 to -1.0E-15, 0.0, 1.0E-15 to 1.0E+15

The default limits and the limits set following a reset (*RST) or instrument 

preset (SYSTem:PRESet) are 0.0. 

When using limits, both a lower limit and an upper limit must be specified. 

Any of the following steps will prevent a “settings conflict” error (e.g. lower 

limit greater than upper limit) due to the order in which limits are set:

• setting the upper limit first
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• setting both limits on the same line programmatically 

• enabling limit testing after the limits are set

To programmatically determine if a reading (or readings) outside the limit 

boundaries has occurred, the command:

STATus:QUEStionable:EVENt?

is used to read the Questionable Data register. A value of +2048 (bit 11) indi-

cates a reading below the lower limit. A value of +4096 (bit 12) indicates a 

reading above the upper limit. Reading the register also clears all bits in the 

register (see “Clearing Limit Conditions).

Example: Limit Checking

The following is an example of enabling and using limit checking. 

CONF:FREQ(@1) //configuremeasurement
SAMP:COUN500 //checklimiton500rdgs

CALC:STATON //enablemathoperations
CALC:LIM:STATON //enablelimitchecking

CALC:LIM:LOW99.9E3;UPP100.1E3 //setlimits
INIT //initiatethemeasurements
*WAI //waitforreadingstocomplete
STAT:QUES:EVEN? // queryquestionabledataregister

Notice that the limits are set on the same line to prevent a settings conflict 

error. This Error can also be avoided by enabling limit checking after the lim-

its are set. 

Clearing Limit Conditions

The ‘Limit’ annunciator is turned off and bits 11 and 12 (only) in the Question-

able Data Register are cleared by any of the following:

www.valuetronics.com



53220A/53230A User’s Guide 211

53220A/53230A Math, Graphing, and Data Logging 6

• enabling limit checking - CALCulate[1]:LIMit[:STATe]ON

• a new measurement cycle -INITiate:IMMediate, READ?, MEASure?

• sending a new SCPI command or changing a current SCPI parameter

• a reset or instrument preset - *RST,SYSTem:PRESet

These steps also clear all readings in reading memory. (*RST and 

SYSTem:PREset additionally reset the lower and upper limits to 0.0.)

To turn off the ‘Limit’ annunciator and clear only the limit-sensing bits (11/12 

in the Condition register) without clearing reading memory, the following 

command is used:

CALCulate[1]:LIMit:CLEar[:IMMediate]

Histograms

The distribution for a given set of counter measurements (except continuous 

totalize and time stamp measurements) can be represented graphically using 

the 53220A/ 53230A histogram feature. The following example (Figure 6-5) 

represents the basic format of a counter histogram.

Figure 6-5. 53220A/53230A Histogram Structure.

1 432 5 6 7 8 9 10 11 12 13 14 15

count URLR

BinsRdgs < LR Rdgs > UR

Bins = classes = points 

LR = Histogram lower range boundary

UR = Histogram upper range boundary
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Note that histograms and math functions (e.g. statistics, scaling, limits, etc.) 

can be used simultaneously with the same measurement data.

Viewing Histograms

At power-on or when the front panel Preset key is pressed, numeric data is dis-

played. Remotely, histograms can be displayed by changing the display mode 

using the command:

DISPlay[:WINDow]:MODE{NUMeric|HISTogram|TCHart}
DISPlay[:WINDow]:MODE? (queryform)

The Graph key followed by the Histogram softkey enables and automatically 

starts histograms from the front panel. Histograms can also be turned off from 

the softkey menu.

Remotely, a reset (*RST) or instrument preset (SYSTem:PRESet) does not 

change the display mode.

Histograms correspond to readings in reading memory - starting at the time 

the histogram is enabled and ending when the product of the trigger count 

(TRIGger:COUNt) and sample count (SAMPle:COUNt) is reached. If trigger-

ing is continuous (i.e. internal), the histogram continually updates from the 

point it was enabled.

Figure 6-6 describes the information provided in a typical histogram window.
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Figure 6-6. Histogram Display Format.

Histogram Configuration

Histograms are configured using the softkeys and commands shown in Figure 

6-7.

X Max: maximum reading across all bins
X Min: minimum reading across all bins

Bin Size: (X Max – X Min)/number of bins

Function

Channel

Histogram reading count

Corresponds to bin with largest 

number of entries and expressed as:

- an exact count within the bin

  (Max Count) 

- the bin’s percentage of the total 

  reading  count (Max %)

Rdgs < LR Bin

 (out of range)

Rdgs > UR Bin

 (out of range)

Mkr 1: maximum value within bin at  marker location
Mkr 2: maximum value within bin at marker location

Span: difference in maximum values between 

            locations
Bin: Marker location and reading count 

        within bin (or percent of total reading 

        count if ‘Show %’)

Span: number of bins between and 

           including marker locations 

%: percentage or number of readings 

     within the span

Histogram 

Window

position window - for marker, zoom, 
and pan adjustment the decimal 

position (i.e. 1000's, 100's, 10's, 1's) 

highlighted by the arrow keys sets 

the amount of movement (coarse –
fine) for each tick of the rotary knob.

Bin indices
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Figure 6-7. 15-Bin (Point) Histogram.

Histogram computation is enabled with the command:

CALCulate2:TRANsform:HISTogram[:STATe]{OFF|ON} 

CALCulate2:TRANsform:HISTogram[:STATe]? (queryform)

ON - enables histogram computation. 

OFF - disables histogram computation. Following a reset (*RST), instrument 

preset (SYSTem:PRESet), or front panel (Preset) histograms are disabled.

CALCulate2:TRANsform:HISTogram:STATe ON

CALCulate2:TRANsform:HISTogram:RANGe:LOWer

CALCulate2:TRANsform:HISTogram:RANGe:UPPer

CALCulate2:TRANsform:HISTogram:POINts

CALCulate2:TRANsform:HISTogram:RANGe:AUTO

CALCulate2:TRANsform:HISTogram:RANGe:AUTO:COUNt

CALCulate2:TRANsform:HISTogram:CLEar

CALCulate2:TRANsform:HISTogram:COUNt?

www.valuetronics.com



53220A/53230A User’s Guide 215

53220A/53230A Math, Graphing, and Data Logging 6

The number of readings represented by a histogram (Figure 6-7) can be que-

ried with the command:

CALCulate2:TRANsform:HISTogram:COUNt?

Setting Up the Histogram

The counter builds a histogram based on number of bins (points), a lower 

range, and an upper range. 

Number of Bins

The number of bins is specified with the command:

CALCulate2:TRANsform:HISTogram:POINts{<value>|MINimum|

MAXimum|DEFault} 

CALCulate2:TRANsform:HISTogram:POINts?[{MINimum|
MAXimum|DEFault}] (queryform)

value - specifies the number of bins (points) between the lower and upper 

range values. value can range from 10 to 1,000. Following a reset (*RST) or 

instrument preset (SYST:PRESet) the number of bins is set to 100.
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Displaying the Outer Bins

Two additional bins independent of the number specified are always included 

with the histogram. The bins contain readings less than the lower range value 

and readings greater than the upper range value (Figures 6-5 and 6-6). A num-

ber of readings greater than expected in either bin may indicate a drift in the 

measured quantity. 

The bins are viewed using the Outer Bins softkey, and the bin indices (Figure 

6-6) account for the bins whether they are displayed or not. 

Bin Representation

The softkey:

corresponds to the bin with the largest number of entries and is expressed as 

an exact count (Count), or the bin’s percentage (%) of the total reading count. 

This setting is only available from the front panel.

Lower and Upper Ranges

The lower and upper ranges of the histogram are specified directly with the 

commands:

CALCulate2:TRANsform:HISTogram:RANGe:LOWer{<value>

|MINimum|MAXimum|DEFault} 

CALCulate2:TRANsform:HISTogram:RANGe:LOWer?[{MINimum|
MAXimum|DEFault} (queryform)

CALCulate2:TRANsform:HISTogram:RANGe:UPPer{<value>
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|MINimum|MAXimum|DEFault} 

CALCulate2:TRANsform:HISTogram:RANGe:UPPer?[{MINimum
|MAXimum|DEFault}] (queryform)

value - directly specifies the histogram lower and upper range values. The 

value ranges are:

-1.0E+15 to -1.0E-15,0.0, 1.0E-15 to 1.0E+15 

The default lower and upper ranges and the ranges set following a reset 

(*RST) or instrument preset (SYSTem:PRESet) are 0.0.

When setting the ranges, both a lower range and an upper range must be spec-

ified. Any of the following steps will prevent a “settings conflict” error

(e.g. lower range greater than upper range) due to the order in which ranges 

are set:

• setting the upper range first

• setting both ranges on the same line programmatically 

• enabling the histogram after the ranges are set

• setting the ranges automatically

Setting the Bin Ranges to Min and Max

With AutoRange Off, the Set to Min/Max softkey is another method for setting the 

histogram bin ranges (lower and upper). Depending on the instrument state, 

Set to Min/Max will set the ranges as follows:
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• When ‘Statistics’ (under the Math key) are enabled, the minimum and 
maximum values from the reading statistics are used.

• If readings are in progress and ‘Statistics’ are off, the instrument will select 
a minimum and a maximum value from (up to) the last 10,000 readings 
taken.

• If no previous readings are available, a minimum bin range of 0 and a 
maximum bin range of 1 000 000 000.0 are set.

Automatic Range Setting

Alternately, lower and upper range values can be set automatically based on a 

minimum value and maximum value obtained from the first ‘n’ number of 

readings taken. 

Automatic range selection is enabled with the commands:

CALCulate2:TRANsform:HISTogram:RANGe:AUTO{OFF|ON} 

CALCulate2:TRANsform:HISTogram:RANGe:AUTO? (queryform)

ON - enables automatic selection of the histogram lower and upper range val-

ues. 

OFF - disables automatic selection. 

Following a reset (*RST) or instrument preset (SYSTem:PRESet) automatic 

range selection is enabled.

The number of readings from which the minimum and maximum range values 

are selected (ON) is set with the command:
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CALCulate2:TRANsform:HISTogram:RANGe:AUTO:COUNt{<value>

|MINimum|MAXimum|DEFault} 

CALCulate2:TRANsform:HISTogram:RANGe:AUTO:COUNt?
[{MINimum|MAXimum|DEFault}] (queryform)

value - specifies the first ‘n’ number of readings from which lower and upper 

range values are obtained. 10 to 1,000 readings can be specified. 

The default number and the number set following a reset (*RST) or instrument 

preset (SYSTem:PRESet) is 100.

Example: Setting up a Histogram

The following example creates a 15-bin histogram of 3,000 counter measure-

ments. The lower and upper ranges are automatically determined from the 

first 300 readings taken.

CONF:FREQ50E3,(@1) //configurefrequencymeasurement
SYST:TIM.1 //100msmeasurementtimeout
TRIG:SOURBUS //setsoftwaretriggersassource
TRIG:COUN1  //triggercount=1
SAMP:COUN3000 //3000readingspertrigger
SENS:FREQ:GATE:SOURTIME //setgatesource
SENS:FREQ:GATE:TIME1E3 //seta1msgatetime
DISP:MODEHIST //histogramdisplaymode
CALC2:TRAN:HIST:POIN15 //specify15bins
CALC2:TRAN:HIST:RANG:AUTOON //auto-selectranges
CALC2:TRAN:HIST:RANG:AUTO:COUN300//usefirst300rgs
CALC2:TRAN:HIST:STATON  //enablehistogram

INIT //initiatethecounter
*TRG //sendasoftwaretrigger
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Resetting the Histogram

The data from which the current histogram is created is cleared by any of the 

following:

• pressing the Reset Histogram softkey

• enabling/disabling or changing any part of the histogram 
 -numberofbins,lowerorupperrange

• a new measurement cycle -INITiate:IMMediate, READ?, MEASure

• sending a new SCPI command or changing a current SCPI parameter

• an instrument reset or present - *RST,SYSTem:PRESet

These actions also clear all readings in reading memory and in the output 

buffer.

To clear histogram data without clearing the readings in reading memory, the 

following command is used:

CALCulate2:TRANsform:HISTogram:CLEar[:IMMediate]

www.valuetronics.com



53220A/53230A User’s Guide 221

53220A/53230A Math, Graphing, and Data Logging 6

Saving Readings

The readings used to create the histogram can be saved to internal flash mem-

ory or to an external USB memory device as comma-separated values (CSV) in 

one measurement per line ASCII format. 

Selecting Save Readings opens the Export action window from which a path and 

file name can be selected or created. The number of readings exported is the 

total number in reading memory at the time Export Readings is pressed - which 

may not be the total reading count (TRIGger:COUNt x SAMPle:COUNt).

Exporting readings clears reading memory and re-starts the histogram on the 

next trigger received.

Zoom & Markers View

www.valuetronics.com



222  53220A/53230A User’s Guide

6 53220A/53230A Math, Graphing, and Data Logging

The ‘Marker’ softkeys allow you to position markers on individual bins within 

the histogram, and if desired, lock the relative distance between the markers. 

When locked together, moving either Marker1 or Marker2 with the front panel 

knob or using [Shift] followed by a bin number, also moves the other marker 

while maintaining the distance between the two. The data corresponding to 

the marker positions is shown above the histogram window.

Zoom determines the number of bins displayed by increasing the resolution at 

the center region of the histogram. Each time the zoom is adjusted, the 

X Min and X Max indices (Figure 6-6) are changed to show the current bin 

range.

Pan scans the histogram (left or right) once a zoom percentage has been set. By 

moving the Pan window, regions of interest can be brought into view; and 

Zoom used again to expand the region. Pan, used interchangeably with Zoom in 

this manner, maintains the zoom percentage.

Show All restores the histogram window to the total number of bins specified - 

including the outer bins, and resets the zoom and pan.

Histogram Data in Numeric Form

Data describing the histogram is available in numeric form through either of 

two query commands. 

CALCulate2:TRANsform:HISTogram:ALL? 

NOTE For marker, zoom, and pan adjustment the decimal position (i.e. 100's, 10's, 1's) 

highlighted by the arrow keys sets the amount of movement (coarse or fine) for 

each tick of the rotary knob. 
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Returns the following comma-separated sequence describing the current his-

togram: 

lowerrangevalue
upperrangevalue
numberofreadingstaken
bindata

The bin data includes:

numberofmeasurementslessthanthelowerrangevalue,
numberofreadingsineachbin,
numberofreadingsgreaterthantheupperrangevalue

An example data string for a 15-bin histogram based on 3,000 readings of a 

50 kHz input signal is:

+4.998912590059145E+004,+5.001118414176608E+004,+3000,+0,+
4,+8,+27,+71,+221,+422,+612,+695,+504,+254,+113,+41,+20,+4
,+4,+0

Notice in this sample there were no readings below the lower range value or 

above the upper range value.

CALCulate2:TRANsform:HISTogram:DATA?

Returns only the bin data of the current histogram in the sequence: 

numberofmeasurementslessthanthelowerrangevalue,
numberofreadingsineachbin,
numberofreadingsgreaterthantheupperrangevalue
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Trend Charts

Reading trends for a given number of counter measurements (except continu-

ous totalize) or timestamps can be represented within a 53220A/53230A 

trend chart, also known as a run chart.

Figure 6-8 shows the components of a typical counter trend chart.

Figure 6-8. Trend Chart Display Format (without decimation).

Y Max: maximum reading value within display span

Y Min: minimum reading value within display span

Span: (Y Max – Y Min)

Function
Channel

Current reading count

          (memory)

Maximum and minimum scale 

boundaries and reading units.

Boundaries can be auto-scaled or set 

manually. Auto-scaled boundaries 

keep all readings within the display 

range.  

reading indices

Mkr 1: reading value at Marker1 location

Mkr 2: reading value at Marker2 location
Span: difference in values between 

           marker locations
Reading: marker’s  location in reading count

Span: number of readings between 
           marker locations 

Trend Window

   (100 points)
position window - for marker, zoom, 

and pan adjustment the decimal 

position (i.e. 1000's, 100's, 10's, 1's) 

highlighted by the arrow keys sets 

the amount of movement (coarse –

fine) for each tick of the rotary knob.
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Viewing Trend Charts

At power-on or following a reset (*RST) or instrument preset (Preset), numeric 

data is displayed. The display can be changed to a trend chart by changing the 

display mode using the command:

DISPlay[:WINDow]:MODE{NUMeric|HISTogram|TCHart}
DISPlay[:WINDow]:MODE? (queryform)

The display mode (TCHart) is the only trend chart parameter that can be set 

programmatically (i.e. using SCPI commands). All other trend chart parame-

ters are set using the front panel.

Pressing the Graph key followed by the Trend Chart softkey starts the trend chart 

from the front panel.

Trend charts correspond to all readings in reading memory for a given trigger 

count (TRIGger:COUNt) and sample count (SAMPle:COUNt). If triggering is 

continuous (i.e. internal), the trend chart continually updates.

Trend Chart Configuration

Figure 6-9 shows the softkey menus associated with trend chart configuration 

and control of the trend window.
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Figure 6-9. Trend Chart Configuration and Control.

Trend Chart Boundaries

The trend chart boundaries (Y Max and Y Min) can be set automatically 

(AutoScale On) or manually (AutoScale Off) using the menus under the Options 

soft key (Figure 6-9). Auto-scaled (on) boundaries keep all readings within the 

trend window. Manually-set boundaries (off) can result in readings outside the 

window. Manual boundaries are set using the front panel knob or [Shift]ed 

numeric keys.

If reading limits are set using the Math function, setting YMax and YMin will 

scale (but not change) the limits within the YMax and YMin boundaries. YMax 

and YMin cannot specify a boundary smaller than the Math reading limits.

A maximum of 100 readings or decimation points can be displayed in the 

trend window. 

www.valuetronics.com



53220A/53230A User’s Guide 227

53220A/53230A Math, Graphing, and Data Logging 6

Clearing the Trend Chart 

Clearing the trend chart clears reading memory and restarts the reading count 

on the next trigger received.

Saving Readings

The readings represented by the trend chart can be saved to internal flash 

memory or to an external USB memory device as comma-separated values 

(CSV) in one measurement per line ASCII format. 

Selecting Save Readings opens the Export action window from which a path and 

file name can be selected or created. The number of readings exported is the 

number of readings in memory (Figure 6-8) at the time Export Readings is 

pressed - which may not be the total reading count (TRIGger:COUNt x 

SAMPle:COUNt). 

Exporting readings clears reading memory and re-starts the trend chart on 

the next trigger received.
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Zoom & Markers Window

The ‘Marker’ softkeys allow you to position markers on individual readings or 

decimation points within the trend chart, and if desired, lock the relative dis-

tance between the markers. When locked together, moving either Marker1 or 

Marker2 with the front panel knob or using [Shift] followed by a reading number, 

moves both markers while maintaining the distance between the two. The data 

corresponding to the marker positions is shown above the trend window.

Zoom determines the number of readings displayed by increasing the resolu-

tion at the center region of the trend chart window. Each time the zoom is 

adjusted, the reading indices (Figure 6-8) are changed to show the current 

reading range.

Pan scans the trend chart (left or right) once a zoom percentage has been set. 

By moving the Pan window, regions of interest can be brought into view; and 

Zoom used again to expand the region. Pan, used interchangeably with Zoom in 

this manner, maintains the zoom percentage.

With Pan, each reading or decimation point can also be viewed - up to the win-

dow maximum of 100 readings/points at a time.

NOTE For marker, zoom, and pan adjustment the decimal position (i.e. 1000's, 100's, 

10's, 1's) highlighted by the arrow keys sets the amount of movement 

(coarse or fine) for each tick of the rotary knob. 
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Show All updates the trend window to represent the current reading count. The 

reading indices are 0 and the Count value, and zoom and pan are also reset.

Reading Decimation

The trend window displays a maximum of 100 readings. When greater than 

100 readings are displayed, the readings are decimated - grouped together and 

represented by decimation points. The number of readings in a decimation 

group is the reading count/100. 

Figure 6-10 is a trend chart of 100,000 readings in which the readings have 

been decimated.

Figure 6-10. Trend Chart Display Format (with Decimation).

Max: maximum reading values within groups at 
         decimation points selected by Marker1 (top) and 

         Marker2 (bottom) 

Span: difference in maximum values between marker 

           locations

Reading: number of first reading in selected 
                decimation group

Span: number of decimation groups between 
           marker locations 

Min: minimum readings 
within groups at selected 
decimation points 

Limit checking (upper and 
lower) enabled  through Math 

functions (optional)

indicates decimation 
and relative max & min 

values within the group

position window
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There are 1,000 readings in each decimation group in Figure 6-10 

(100,000 readings/100 points displayed). The number of readings in each 

group changes if Show All is pressed and readings continue to be taken. 

When a marker is moved to a decimation point, the number of the first reading 

in the corresponding group is displayed. This number should be noted if it is 

necessary to view individual readings within a group.

Viewing Readings Within a Decimation Group Decimated reading values that 

are grouped and represented by a single decimation point can be viewed indi-

vidually using markers and the trend chart’s Pan control.

1 Select a marker and using the knob, move the marker to the decimation 
point with the reading level of interest. The reading number corresponding 
to the marker position is the first reading in the group. This may not be the 
maximum or minimum value within the group.

2 Select ‘Pan’ and using the [Shift]ed numeric keys, enter the number of the 
first reading. The reading indices show a span of 100 readings, beginning 
with the first reading in the group.

3 Select Marker1 or Marker2 and using the arrow keys, highlight the rightmost 
(1's) place in the position window. Rotate the knob to move the marker one 
reading at at time. The reading value and number are shown as the marker 
is advanced. 

For decimation groups with more than 100 readings, select ‘Pan’ and enter the 

next reading number after the upper reading index (Figure 6-8) to view the 

next 100 readings. 

Data Logging

The data logging feature of the 53220A/53230A counter allows you to log and 

analyze up to 1,000,000 readings. Data logging is enabled and configured from 

the front panel only, and is available with all counter measurements except 

continuous totalizing. 
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Figure 6-11 shows the keys and and windows associated with the data logger 

application.

Figure 6-11. Starting the Counter Data Logger.

NOTE Logged readings ARE NOT saved to internal flash memory or external USB mem-

ory until the logging duration is complete. If power is lost and if battery Option 300 

is not enabled or it also loses power before logging is complete, all data will be 

lost. 
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Configuring the Data Logger

All logged readings are saved in the counter’s internal flash memory or to an 

external USB storage device after logging is complete. The readings are view-

able in trend (run) chart format while logging is in progress and when com-

plete.

Data logging occurs for a duration specified as a period of time or a number of 

readings to be logged. Once enabled, the start of data logging can be delayed 

for a period of time. 

Specifying a Data Log File

Logged readings saved in internal flash memory or in external USB memory 

are comma-separated values (CSV) in one measurement per line ASCII format. 

A default path and file name (Internal\DataLog) is used if one is not specified.

The drive (Internal or External) is selected using the browse feature and the file 

name is specified using the rotary knob and arrow keys to select or change 

characters.

Pressing [Done] saves the path and file name and returns to the application 

menu. Data logging will not start if an invalid path/file is specified.

Adding a Time Stamp to the Data Log File

A time stamp (t-Stamp) in the form:

yyyymmdd_hhmmss e.g.DataLog_20100925_105535.csv

is appended (On) to the file name when data logging completes or when the 

(Stop Save) soft key is pressed. The time stamp also appears on the spreadsheet 

tab when the data log (.csv) file is opened.

www.valuetronics.com



53220A/53230A User’s Guide 233

53220A/53230A Math, Graphing, and Data Logging 6

Setting the Duration

In terms of Time, the data logging duration is specified inhh.mm.ss format. 

The value is set using the rotary knob and arrow keys, or using the [Shift]ed 

numeric keys. By highlighting specific digits in the time window, greater reso-

lution (i.e. minutes and seconds) of the logging time can be specified. 

The maximum data logging period is 99.00.00. The reading limit, however, is 

1,000,000 readings which may occur before the time duration is reached.

In terms of Readings, data logging continues until the specified number of read-

ings are complete. The reading count is set using the rotary knob and arrow 

keys, or using the [Shift]ed numeric keys. A maximum of 1,000,000 readings 

can be specified. 

For the Time Stamp measurement function, only reading duration is available.

Setting a Start Delay

When required, a delay can be set between the time the Run key is pressed, and 

the start of data logging. The start delay is specified in hh.mm.ss format and 

is set using the rotary knob and arrow keys, or using the [Shift]ed numeric 

keys. By highlighting specific digits in the delay window, greater resolution 

(i.e. minutes and seconds) of the delay time can be specified.
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The maximum delay setting is 99:00:00.

Starting the Data Logger

Pressing the Run softkey enables data logging. Data logging begins following 

any specified start delay when a valid path/file exists. A default path and file 

name of:

Internal\DataLog

is used when the data logger application is started. Select Yes to overwrite the 

file and begin. 

Viewing Readings

A trend chart is populated as readings are logged. After data logging com-

pletes, the readings are stored in the file specified. Pressing View Results when 

logging is stopped and the readings are saved, or when logging is complete, 

displays a trend chart of the saved readings. 

www.valuetronics.com



53220A/53230A User’s Guide 235

53220A/53230A Math, Graphing, and Data Logging 6

Pressing View Results after logging Time Stamp measurements will display 

“Graphics not supported for this function”.

Figure 6-12 is an example of a trend chart as readings are logged. (Figures 6-8 

and 6-10 contain more information on the trend chart window.)

Figure 6-12. Trend Chart Display During Data Logging.

When logging is complete, the Marker, Pan, and Zoom softkeys can be used 

review the data. Note that pressing the Graph key followed by the Trend Chart 

softkey does not retain the data in the display.

If greater than 100 readings are logged the readings are decimated - grouped 

together and represented by decimation points (see “Trend Charts” and 

“Reading Decimation”).

Stopping the Application

Pressing Stop Save or Stop No Save stops data logging before the duration (time 

or number of readings) is reached. All readings logged to that point are saved 

or discarded depending on the key pressed.

Function
Channel
Current Reading Count
             (memory)

time or number of readings 
remaining 

reading indices

Trend Window
   (100 points)
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Graphics Functions and Reading Memory

Figure 6-13 summarizes the effects on reading memory when statistics and 

histograms are reset, and when trend charts are cleared. 

Figure 6-13. Reading Memory and Resetting/Clearing Graphics.

readingmemory

.

.

.

.

.

.

(record)

.

.

.

(record)

(record)

Reset Histogram:

- clearscurrenthistogram(record)

- doesnotclearreadingmemory,doesnotabortreadings
–clearscountandnewhistogramre-startsonnextreading

afterreset

(record)

Clear Readings (Trend Chart):

- clearsthetrendchart

- clearsreadingmemory,doesnotabortreadings
- clearscountandre-startsonnextreadingafterclear

Reset Stats:

- clearscurrentsetofstatistics(record)
- doesnotclearreadingmemory,doesnotabortreadings

–clearscountandnewsetofstatisticsre-startonnext

readingafterreset

(memory)
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The Agilent 53220A/53230A counters allow you to specify the measurement

(reading) format and storage location - both of which affect throughput speed. 

This chapter explains how data formats are set and the movement and storage 

of measurements and other information within the instrument.
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Reading Formats and Data Flow

A (counter) data format is specified when a particular format (ASCII, REAL) 

is required. The data is converted to that format when sent to the output 

buffer directly, or when transferred from reading memory. 

The command used to set the data format is:

FORMat[:DATA] {ASCII|REAL}[,<length>]
FORMat[:DATA]?   (queryform)

The formats (and lengths) are described in Table 7-1.

Table 7-1. Counter Data Formats

Type Representation Length

ASCII +4.57538162393720E+006 15

(digits)

REAL definitelengthorindefinitelengtharbitraryblockformat 64

(bits)

FormatASCIIareASCIIcharacters.Eachreadingiscomma-separated.Theinstrument

alwaysreturns15 significant digits.

FormatREALisIEEE754binarydata(64-bit).ThedatamaybetransferredinIEEE488.2

indefinite-lengthordefinite-lengthblockformat.Byteorderiscontrolledbythe

FORMat:BORDercommand.

Indefinite-Length Block: # 0 <8-bitdatabytes> NL^END

(usingMEASure?,READ?,FETCh?)

Definite-Length Block: # <non-zerodigit> <blocklength> <8-bitdatabytes>

(usingR?,DATA:REMove?)

<non-zerodigit>indicatesthenumberofdigitsrepresenting<blocklength>.<block

length>indicatesthenumberof8-bitdatabyteswhichfollow.
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Format ASCII is set following an instrument reset (*RST) or front panel pre-

set (PRESet). A line feed (LF) and End-Or-Identify (EOI) follow the last reading 

in both formats.

Specifying a Format

Data formats can be specified during counter configuration as shown in the 

following segment:

CONF:FREQ1.0E6
FORMREAL,64
SAMP:COUN5

INIT
FETC?

In this segment, measurements initiated by INIT are stored in reading mem-

ory. When FETC?(ed) from memory to the output buffer the readings are con-

verted to REAL format.

Setting the Block Transfer Byte Order 

Indefinite-length and definite-length REAL (binary) data transfers (Table 7-1) 

associated with the READ?, FETCh?, R?, and DATA:REMove? commands have 

a default byte order of NORMal in which the most-significant byte (MSB) is 

sent first (big-endian byte order). The command used to specify or change the 

byte order is:

FORMat:BORDer{NORMal|SWAPped}
FORMat:BORDer? (queryform)

With the SWAPped byte order the least-significant byte of each data point 

(reading) is sent first (little-endian byte order). Most PCs use the swapped 

(little-endian) byte order.

Following a reset (*RST) or front panel preset (Preset), the byte order is set to 

NORMal.
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Reading Transfer Size

Each reading read from the output buffer in ASCII format is 23 bytes. Each 

readings in REAL format is eight bytes.

Data Flow

The flow of measurement data within the counter is summarized in Figure 7-1.

Figure 7-1. Data Flow within the 53220A/53230A Counter.

Reading locations include the front panel, reading memory (volatile), output 

buffer, internal flash memory (non-volatile), and external USB memory. 

The commands which determine data flow are listed in Table 7-2 and are 

described in the following paragraphs.

output
buffer

Agilent 53220A/53230A Counter

LAN

GPIB

USB

MMEMory:STORe:DATA

INITiate:IMMediate
READ?(measurements)

FETCh?

R?

DATA:REMove?

directionofdataflow

DATA:LAST?

DATA:POINTs:EVENt:THReshold

USBMemoryDevice

volatilereadingmemory

(1Mreadings)

battery

flash

instrumentfirmware

calibration
constants

statestorage

MMEMory:LOAD:STATe

MMEMory:STORe:STATe

hostport

counterflash(non-volatile)memory

internalflash

(5Mreadings)

MMEMory:UPLoad?

MMEMory:UPLoad?<instrumentstates>

MMEMory:DOWNoad:DATA

MMEMory:DOWNoad:DATA
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Table 7-2. Commands Affecting Data Flow

Front Panel Display

Counter measurements taken from the front panel or from an IO interface 

appear in the display as indicated in Figure 7-1. See Chapter 1 for an overview 

of display features.

Reading Memory

In addition to being displayed, all counter readings are stored in the counter’s 

volatile reading memory (Figure 7-1). Memory capacity is 1,000,000 readings. 

Reading memory has the following attributes:

1 reading memory is cleared after a function change, during execution of the 
READ?, INITiate:IMMediate, or MEASure? command, after cycling 
power, or following an instrument reset (*RST) or preset 
(SYSTem:PRESet).

Command
Locations 

Accessed

Readings 

Transferred

Reading 

Memory 

Cleared

Allowed during 

Measurement

Read?

FrontPanel

ReadingMemory

OutputBuffer

All No No

INITiate:IMMediate
FrontPanel

ReadingMemory
NoneYes No

FETCh?
ReadingMemory

OutputBuffer
All No No

R?
ReadingMemory

OutputBuffer

Allor

specifiedcount
Yes Yes

DATA:REMove?
ReadingMemory

OutputBuffer
SpecifiedCount Yes Yes

DATA:LAST?
ReadingMemory

OutputBuffer
1 No Yes

MMEMORY:STORe:DATA

ReadingMemory

InternalFlash

ExternalUSB

All No No
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2 all readings are stored in an internal counter format - the programmed 
format (FORMat subsystem) is set when readings are transferred to the 
output buffer.

3 if reading memory overflows the first (oldest) readings are overwritten and 
the ‘Reading Mem Ovfl’ bit (14) in the Questionable Data Register is set. The 
most recent measurements are retained.

Output Buffer

Data is available to the PC over the LAN, USB, and GPIB interfaces once it is 

in the output buffer (Figure 7-1). The following section explains how readings 

are transferred from memory to the buffer. If during a transfer the output 

buffer fills, command execution is paused until readings are removed by the 

PC - creating room in the buffer. No readings are lost.

Transferring Readings from Memory to the Output Buffer

The following commands transfer readings from volatile reading memory to 

the buffer. 

READ? - is equivalent to executing INITiate:IMMediate directly followed 

by FETCh?. With READ?, once all readings specified by TRIGger:COUNt and 

SAMPle:COUNt are complete and in memory, they are instantaneously read 

into the output buffer (Figure 7-1). 

If the data format is REAL (FORMat subsystem), each block of readings gener-

ated by READ? is preceded by an IEEE 488.2 Indefinite-Length block header 

(Table 7-1). As such, when sending multiple commands in a single command 

string, READ? should always be the last command in the string.

READ? Example

//frequencymeasof500kHzsignalwithuHzresolution
CONF:FREQ500E3,1E-6,(@1) //configurecounter

TRIG:COUN1 //settriggercount
SAMP:COUN10 //take10readings

READ? //readreadingswhencomplete
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FETCh? - is used following INITiate:IMMediate. After all measurements 

specified by TRIGger:COUNt and SAMPle:COUNt are complete, FETCh? 

transfers the readings from reading memory to the output buffer. Since read-

ing memory is not erased by this action, readings can be “fetched” from mem-

ory multiple times. If there are no readings available or measurements in 

progress when a “fetch” is performed, err -230, “Data corrupt or stale” is gen-

erated. 

If the data format is REAL (FORMat subsystem), each block of readings 

fetched by FETCh? is preceded by an IEEE 488.2 Indefinite-Length Block 

header (Table 7-1). When sending multiple commands in a single command 

string, FETCh? should always be the last command in the string.

FETCh? Example

//frequencymeasof500kHzsignalwithuHzresolution
CONF:FREQ500E3,1E-6,(@1) //configurecounter
TRIG:COUN1 //settriggercount

SAMP:COUN10 //take10readings
INIT:IMM //initiatecountertostartrdgs
FETC? //fetchrdgsfrommemorywhencomplete

R?[<max_count>] - is used following INITiate:IMMediate.Trans-

fers all, or up to the specified max_count number of readings to the output 

buffer and erases those readings (beginning with the oldest) in reading mem-

ory. 

Unlike FETCh?, R? can be used to transfer readings before the total reading 

count is reached (TRIGger:COUNt x SAMPle:COUNt) to prevent a memory 

overflow. If there are no readings available or measurements in progress when 

“R?” is sent, err -230, “Data corrupt or stale” is generated.

Readings are transferred in Definite-Length Block format (Table 7-1), whether 

in ASCII or REAL (binary) format (FORMat subsystem). The ‘oldest’ reading is 

transferred first (first in - first out). 

R? Example
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//frequencymeasof500kHzsignalwithuHzresolution
CONF:FREQ500E3,1E-6,(@1) //configurecounter

TRIG:COUN2  //settriggercount
SAMP:COUN2500 //setreadings/trigger
INIT:IMM //initiatecountertostartreadings

wait 2500 seconds

R?2500 //readandremovefirst2500readings

wait 2500 seconds

R? //readandremoveallremainingreadings

DATA:REMove?<count>[,WAIT] - is used following 

INITiate:IMMediate.Transfers count number of readings to the output 

buffer and erases the readings in reading memory. Unlike FETCh?, 

DATA:REMove? can be used to transfer readings before the total reading 

count is reached (TRIGger:COUNt x SAMPle:COUNt) to prevent a memory 

overflow. However, count is a required parameter and, therefore, count num-

ber of readings must be available before they can be removed. Including WAIT 

will cause the command to wait until count readings are available. This will 

prevent error -222, “Data Out of Range” from occurring if the specified count 

is not available. 

If the data format is REAL (FORMat subsystem), the readings are transferred 

in Definite-Length Block format (Table 7-1). The ‘oldest’ reading is transferred 

first (first in - first out). 
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DATA:REMove? Example

//frequencymeasof500kHzsignalwithuHzresolution
CONF:FREQ500E3,1E-6,(@1) //configurecounter

TRIG:COUN2 //settriggercount
SAMP:COUN2500 //setreadings/trigger
INIT:IMM //initiatecountertostartreadings
DATA:REM?2500,WAIT //waitfor-readfirst2500readings
DATA:REM?2500,WAIT //waitfor-readlast2500readings

DATA:LAST? - returns the last reading taken and includes reading units 

(Hz, s). The reading is not deleted from memory and the command can be sent 

before the total reading count (TRIGger:COUNt x SAMPle:COUNt)is 

reached.

DATA:LAST? Example

//frequencymeasof500kHzsignalwithuHzresolution
CONF:FREQ500E3,1E-6,(@1) //configurecounter
TRIG:COUN1 //settriggercount

SAMP:COUN100 //take100readings)
INIT:IMM //initiatecountertostartrdgs

wait 20 seconds

DATA:LAST?//retrievereading(withunits)20safterstart
FETC? //fetchallrdgsfrommemorywhencomplete

A typical response showing a subset of the data is:

+4.999962418998650E+005HZ
...+4.999962370997962E+005,+4.999962418998650E+005,+4.9999
62407190446E+005,+4.999962443559675E+005,...

Querying the Reading Count

The total number of readings in memory at any given time can be determined 

with the command:
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DATA:POINts?

The reading count can be read before the total reading count is reached 

(TRIGger:COUNt x SAMPle:COUNt).

Setting a Reading Threshold in Memory

The following command allows you to set a reading threshold in the counter’s 

volatile memory: 

DATA:POINts:EVENt:THReshold<count>

DATA:POINts:EVENt:THReshold? (queryform)

- when count number of readings have entered reading memory, bit 12 (Rdg 

Mem Threshold) in the Standard Operation Register is set to ‘1’. By monitoring 

this bit, readings can be transferred from memory to the output buffer once a 

given number of measurements have occurred.

Once the threshold is reached, the number of readings in memory must drop 

below the threshold level in order to detect when the threshold is reached 

again.

Memory Threshold Example

(Note, this example is also contained on the Agilent 53210A/53220A/53230A 

Product Reference CD ROM.)

This program sets up the counter to take 1,250,000 readings. Because volatile 

reading memory capacity is 1,000,000 readings, readings will be over-written 

(memory overflow) if data is not retrieved before memory fills. To prevent 

memory overflow, a reading threshold is set and monitored. When the number 

of readings in memory reaches the threshold, all readings in memory at that 

time are retrieved.
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*RST;*CLS //reset,startfromknownstate
SYST:TIM.001 //seta1msmeasurementtimeout
CONF:FREQ1E6,0.1,(@1) //configuremeasurements

TRIG:COUN5 //send5systemtriggers
SAMP:COUN250E3 //take250kreadings/trigger
FORM:DATAREAL,64 //setdataformattobinary
DATA:POIN:EVEN:THR10E3//setmemorythresholdto10k

INIT //initiatereadings
//loopuntilallreadingscomplete
For(cnt=0;cnt<1.25E6;cnt+=10000)

Do
{spoll=STAT:OPER:COND?; //serialpollconditionreg

 sleep(100) //wait100ms
}while!(spoll&4096)//repeatuntilthresholdisreached

R?10E3 //retrievereadingsfrommemory10katatime

Counter File System

Measurements in volatile reading memory and counter configuration states 

can be stored in files within the counter’s internal (non-volatile) flash mem-

ory, or on a external USB memory device connected to the ‘host’ port on the 

front panel (Figure 7-1). 

Files are created within folders on the root directory, or within sub-folders rel-

ative to the root directory. The relationship of folders and files in internal 

flash memory and on the USB drive is shown in Figure 7-2.
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Figure 7-2. Folders and Files within Internal Memory and USB Storage.

rootdirectory

sub-folder
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MMEMory:MDIRectory“<folder>”
(createsfolders)
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Creating Folders and Files in Flash Memory and on the USB Drive

Folders and files are created in instrument memory and on a USB drive as 

described in the following sections. 

Creating Folders
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Folders and sub-folders are created using the command:

MMEMory:MDIRectory“<folder>” 

- folder has the form drive:path. drive is either INT (internal flash mem-

ory) or USB (external memory device). path is an absolute path and folder 

name beginning with \ or /. INT:\ is the default drive:path. 

The folder parameter cannot exceed 240 characters, and the characters \ / : 

* ? “ < > | cannot be contained within the folder name. To create a folder:

//createfolder‘dut_1’withsub-folder‘data1’intheroot
//directoryofinternalflashmemory
MMEM:MDIR“INT:\dut_1”
MMEM:MDIR“INT:\dut_1\data1”

Note that a folder and sub-folder cannot be created within the same command.

Entering a Folder Name from the Front Panel

With the “Create new folder” window displayed as shown on the previous page, 

enter a folder name (or any file name) as follows:

1 Press the ‘ Browse’ soft key and use the front panel knob to highlight the 
counter’s internal flash memory (Internal), or if present, the USB drive 
connected to the front panel host port (External). Press the ‘Select’ soft key 
to select the drive.

2 To create a folder name, rotate the knob to select a character. The knob 
scrolls through A-Z (upper case), a-z (lower case), numbers 0-9, selected 
keyboard characters, decimal point (.), underscore (_), and space. Once the 
desired character is set, press the right arrow (>) key under the knob to 
move to the next position.

3 Repeat until the folder name is complete. Use the left arrow key (<) to 
backspace and change a character. Changing the character to a space erases 
the character. Press ‘Create Folder’ to create the folder.
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Specifying a Default Folder

Designating a folder as the default (current) folder eliminates the need to 

specify an absolute path each time a sub-folder or file is created or referenced. 

The command:

MMEMory:CDIRectory“<folder>” 

MMEMory:CDIRectory? (queryform)

selects folder as the current folder used by subsequent MMEMory subsystem 

commands. folder is of the form drive:path (see MMEMory:DIRectory

for drive:path details). 

For example, an alternate way to create folders dut_1 and data1 is:

//createfolder‘dut_1’andselectitasthecurrentfolder
//createsub-folder‘data1’
MMEM:MDIR“INT:\dut_1”
MMEM:CDIR“INT:\dut_1”
MMEM:MDIR“data1”

When specifying a folder name the current folder is referenced. If a current 

folder (MMEM:CDIR) has not been specified and a drive name (INT or USB) is 

not included, the default drive ‘INT:’ is referenced. For example:

MMEM:MDIR“dut_2”

creates the folder ‘dut_2’ on the root drive INT.

Following a reset (*RST) or instrument preset (SYSTem:PRESet), the counter 

resets the current folder to the root directory on the internal flash file system 

("INT:\") .

Creating Data Files

See “Histograms” or “Trend Charts and Data Logging” in Chapter 6 for 

information on storing measurement data from the front panel. 
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The command used to transfer data from reading memory to a file in internal 

flash memory or on a USB device (Figures 7-1 and 7-2) is:

MMEMory:STORe:DATARDG_STORE,“<file>”

<file> is created during execution of the command and the file parameter 

format is “[drive:path]<file_name>”. drive is either INT (internal flash 

memory) or USB (external memory device). path is an absolute path and 

folder name. If a folder is specified, it must have been previously created. 

The combination of folder and file name cannot exceed 240 characters, and 

cannot contain the characters \ / : * ? “ < > |. 

The format of the transferred readings is specified by the file_name exten-

sion. If .csv is specified, the data is stored as comma-separated values (CSV) 

in one measurement per line ASCII format. If .dat is specified, the data is 

stored as REAL values with little-endian byte order.

The following sequence of commands creates a folder on a USB memory 

device, takes a set of frequency measurements, and then creates a file and cop-

ies the measurements to the folder from (volatile) reading memory.

Creating a Data File Example

MMEM:MDIR“USB:\dut_1” //createfolderinUSBmemory
MMEM:CDIR“USB:\dut_1” //specifyacurrentfolder
CONF:FREQ100E3,(@1) //configuremeasurement

SAMP:COUN50 //set50measurements
INIT  //initiatemeasurements
*WAI //waitforreadingstocomplete
MMEM:STOR:DATARDG_STORE,“data1.csv”//createfile,copy
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Creating State Files

Instrument states can be stored in the instrument’s internal flash memory or 

on a USB memory device and recalled later to restore a specific configuration 

(Figure 7-2). 

The commands used to store and load counter states are:

MMEMory:STORe:STATe<“file”>
MMEMory:LOAD:STATe<“file”>

<file> is created during execution of the STORe command. The parameter 

format is “[drive:path]<file_name>”. drive is either INT (internal flash 
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memory) or USB (external memory device). path is an absolute path and 

folder name. If a folder is specified, it must have been previously created (see 

MMEMory:MDIRectory). 

The combination of folder and file name cannot exceed 240 characters, and 

cannot contain the characters \ / : * ? “ < > |. State files have a .sta extension. 

State File Example

The following example shows the interaction between folders created from the 

front panel and state files created/stored programmatically. For this sequence, 

folder SETUP_1 was created on the internal flash drive from the front panel. 

It is then specified (programmatically) as the current folder and a state file is 

stored and recalled from that folder.

MMEM:CDIR“INT:\SETUP_1” //specifyascurrentfolder

configure instrument programmatically or from front panel

MMEM:STOR:STAT“test1.sta”//storetheconfiguration

recall the configuration (state) at later date (even if 

power is cycled)...

MMEM:LOAD:STAT”INT:\SETUP_1\test1.sta”//loadstate

Saving States from the Front Panel

With the instrument configured as required, the state is stored from the front 

panel as follows:

1 Use the Utility key and soft keys indicated on the previous page to set file 
action ‘Store’.

2 Press the ‘ Browse’ soft key to display the ‘File System’ window. Use the front 
panel knob to highlight the root directory or a folder in the counter’s 
internal flash memory (Internal) or on the USB drive (External). If folders 
are not visible, press ‘Browse’ again to view the directory structure. 
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Press the ‘Select’ soft key to select the directory or folder.

3 Enter the file name. The knob scrolls through A-Z (upper case), a-z (lower 
case), numbers 0-9, selected keyboard characters, decimal point (.), 
underscore (_), and space. Once the desired character is set, press the right 
arrow (>) key under the knob to move to the next position.

4 Repeat until the file name is complete. Use the left arrow key (<) to 
backspace and change a character. Changing the character to a space erases 
the character. 

5 Press ‘STORE STATE’ to store the state under the file name defined. A .sta 
extension is added to the file name.

6 States (state files) are recalled by pressing the ‘RECALL STATE’ soft key, 
highlighting the file name, and pressing ‘Select’. The state is recalled 
immediately.

Storing User Preferences

Non-volatile I/O settings and user preferences can be stored and recalled using 

the commands:

MMEMory:STORe:PREFerences<file>
MMEMory:LOAD:PREFerences<file>

<file> is created during execution of the STORe command. The parameter 

format is “[drive:path]<file_name>”. drive is either INT (internal flash 

memory) or USB (external memory device). path is an absolute path and 

folder name. If a folder is specified, it must have been previously created (see 

MMEMory:MDIRectory). 

The combination of folder and file name cannot exceed 240 characters, and 

cannot contain the characters \ / : * ? “ < > |. Preference files have a .prf exten-

sion.
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User preferences include settings such as:

• display brightness, radix, separator, and screen saver state

• Help language selected

• state recall and select settings

• reference oscillator source, external reference frequency, standby setting

• auto-level minimum frequency

• battery state (enabled, disabled)

• beeper setting

• measurement time out

• 531xx SCPI compatibility language setting

When loading a preferences file that specifies a static IP address for LAN, be 

careful that this does not result in two instruments with the same IP address 

on your LAN.  This could result in LAN configuration errors on both instru-

ments.

User preferences cannot be stored or loaded (retrieved) using the front panel.

Using *SAV and *RCL 

Additional commands that can be used to save and recall instrument states 

are the IEEE-488.2 common commands *SAV and *RCL. With these com-

mands, up to five states can be saved and recalled by location number from 

the counter’s internal flash memory. States saved using this method can also 

be specified for recall at power-on. 

*SAV{0|1|2|3|4}

Saves the current instrument state in one of five {0|1|2|3|4} flash memory 

state locations. State location ‘0’ is a valid location; however, the instrument 

state at power-down is automatically saved in location ‘0’ and will overwrite 

any state saved there. All parameters of the counter’s state are saved with the 

exception of “user-preference” parameters such as those which configure the 

front panel display. 
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An example of the command is:

*SAV1 //savethecurrentstateinstatelocation1

State locations 0-4 are represented by the following file names in the root 

directory of internal flash memory:

STATE_0.sta
STATE_1.sta
STATE_2.sta
STATE_3.sta
STATE_4.sta

Saved counter states are recalled using the command:

*RCL{0|1|2|3|4}

{0|1|2|3|4} are the five state locations. An example of the command is:

*RCL1 //recalltheconfigurationfromstatelocation1

When recalling a state using *RCL, only the location number is specified. 

When recalling a numbered state location from the front panel, the location 

file name is used (e.g. STATE_1.sta). 

See “User-Defined Power-On States” for more information.

Verifying a Recalled State Before a state is recalled, its storage location can be 

queried to determine if a valid state exists of if the location is empty.

MEMory:STATe:VALid?{0|1|2|3|4}

queries the specified state location. If ‘0’ is returned the location is empty. If 

‘1’ is returned a valid state exists. For example:
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//verifyavalidstateisstoredinlocation3;0=nostate
//saved,1=validstateinlocation3
MEM:STAT:VAL?3

User-Defined Power-On States

The 53220A/53230A counter can be set to power-up from one of five saved 

state locations or from a state file (Figure 7-2). For this to occur:

1. the state must currently be saved

2. recall must be enabled

3. the state location or file name must be selected

This sequence is provided by the following commands:

//savestateininstrumentstatelocations0-4
*SAV{0|1|2|3|4}

or

//storestateinstatefile(.sta)-internalorUSB
MMEMory:STORe:STATe<“file”>

//enableautomaticrecallatpower-on

MEMory:STATe:RECall:AUTO{ON|OFF} 

MEMory:STATe:RECall:AUTO? (queryform)

//selectthestatelocationorfilerecalledatpower-on
MEMory:STATe:RECall:SELect{0|1|2|3|4|<file>}
MEMory:STATe:RECall:SELect? (queryform)

If automatic recall is enabled and a state location or file name is not selected, 

the counter will power-on in the state it was in when last turned off 

(location 0).

Following are examples of a state recalled from a numbered state location and 

from a state file in internal flash memory.
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//configurecounter

*SAV2 //savestateinlocation2
MEM:STAT:REC:AUTOON //enablestaterecallatpower-on
MEM:STAT:REC:SEL2 //recallstateinloc.2atpower-on

//whenpoweriscycled,stateinlocation2isrecalled

and

MMEM:MDIR“INT:\SETUP_A” //createfolderinINTmemory

//configurecounter

//storestateinfile
MMEM:STOR:STAT“INT:\SETUP_A\test_A.sta”
MEM:STAT:REC:AUTOON //enablestaterecallatpower-on
MEM:STAT:REC:SEL“test_A.sta” //recallfileatpower-on

//whenpoweriscycled,statetest_A.staisrecalled

NOTE When shipped from the factory, automatic state recall is disabled 

(MEM:STAT:REC:AUTO OFF). With state recall disabled , factory defaults (*RST) 

are set at power-on.
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Specifying Power-On States from the Front Panel

A specific power-on state can be selected from the front panel as follows:

1 From the Store/Recall menu, select User Def using the ‘Power On’ soft key.

2 Press User Def File to view the file system. Select the desired state to be set at 
power-on by selecting the desired folder and file name. Remember that 
instrument state locations 0-4 are identified by file name (e.g. 
STATE_3.sta). For states saved in other files (locations), specify the 
appropriate file with the .sta extension.

Selecting Last using the ‘Power On’ soft key will recall the instrument state at 

the time the counter was last turned off (state location 0). With Factory 

selected, the counter will power-up in its factory-set state.
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Managing Folders and Files

Folders, data files, and state files created in internal flash memory and on a 

USB storage device can be managed (i.e. deleted, copied, moved, cataloged) 

from the front panel or using additional commands within theMMEMory and 

MEMory subsystems. 

Deleting Folders

Folders are deleted (removed) using the command:

MMEMory:RDIRectory“<folder>” 

When deleting a folder from an I/O interface, the folder must be empty (con-

taining no sub-folders or files). The folder designated as the current folder 

(MMEMory:CDIRectory) cannot be deleted. From the front panel, un-empty 

folders can be deleted (as prompted) as can the (SCPI designated) current 

folder. 

Deleting a Folder Example

The following example deletes a sub-folder (empty) followed by its root folder.

//createUSBfolder‘dut_2’andsub-folder‘data2’
MMEM:MDIR“USB:\dut_2”
MMEM:MDIR“USB:\dut_2\data2”
//removesub-folder‘data2’thenremovefolder‘dut_2’
MMEM:RDIR“USB:\dut2\data2”
MMEM:RDIR“USB:\dut_2”

Deleting Files 

Data and state files located on the instrument’s internal flash drive or on a 

USB memory device (Figure 7-2) are deleted using the command:

MMEMory:DELete<“file”>

The file format is “[drive:path]<file_name>”. drive is either INT (inter-

nal flash memory) or USB (external memory device). If the file deleted is not 
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in the specified current directory, path is an absolute folder path beginning 

with ‘\’ and starting at the root folder. The file name must include the file 

extension. For example:

\\deletedatafiledata1.csvinUSBfolderdut_1
MMEM:DEL“USB:\dut_1\data1.csv”

State files saved in state locations 0 - 4 can also be deleted with the com-

mands:

MEMory:STATe:DELete{0|1|2|3|4}
MEMory:STATe:DELete:ALL

//deletethecontentsofstatelocation2
MEM:STAT:DEL2

//deletethecontentsofallnumericstatelocations
MEM:STAT:DEL:ALL

Deleting Folders and Files from the Front Panel
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Folders and Files are deleted using the front panel as follows:

1 After pressing the ‘Manage Files’ softkey, press the ‘ Action’ softkey and select 
‘Delete’. (The action should be selected first.)

2 Press the ‘Browse’ softkey and use the front panel knob to highlight the 
drive, folder, or file, and then press ‘Select’. Press ‘Browse’ again to view 
(and select) the contents within a folder. 

3 When folder or file appears in within the Path: or File: window, press ‘Perform 

Delete’. 

Deleting State Files

Additionally, state files can be deleted as follows:

1 Press the ‘Store/Recall’ softkey to display the state menu. 

2 Press ‘Delete State’ to open the File System window. All state files (.sta 
extension) on the root drive and within directories are listed. Use the front 
panel knob to highlight the desired file. 

3 Press ‘Select’ to delete the file. Note, pressing ‘Select’ deletes the state file 

immediately.
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Copying and Moving Files

Files can be copied or moved within the drive or between drives. 

MMEMory:COPY<“file1”>,<“file2”>

MMEMory:MOVE<“file1”>,<“file2”>

copies or moves (source) file1 to (destination) file2. The file format is 

“[drive:path]<file_name>”. drive is either INT (internal flash memory) 

or USB (external memory device). If the file copied or moved is not in the spec-

ified current folder (MMEMory:CDIRectory), path in the source and destina-

tion drives must be an absolute folder path beginning with ‘\’. File names must 

include the extension. 
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The destination folder in the copy or move command must currently exist. The 

folder is not created during the copy or move.

The following examples show different locations to which files may be copied:

//copyfilefromfoldertorootofUSBdrive
MMEM:COPY"INT:\dut_1\state1.sta","USB:\"

//movefilefromfoldertorootofUSBdrive
MMEM:MOVE"INT:\dut_1\state1.sta","USB:\"

//copyfilefromINTfoldertoexistingUSBfolder
MMEM:COPY"INT:\dut_1\state1.sta","USB:\duts"

//copyfilefromfoldertoexistingfolder-newfilename
MMEM:COPY"INT:\dut_1\state1.sta","USB:\duts\s1.sta"

//renamefilefromstate1.statostate2.sta
MMEM:MOVE"INT:\dut_1\state1.sta","INT:\dut_1\state2.sta"

Copying Files and Folders from the Front Panel

With file action Copy selected as shown on the previous page, folders and files 

are copied as follows:

1 Press the ‘Browse’ softkey and use the front panel knob to highlight the 
source folder or file, and then press ‘Select’. (Press ‘Browse’ again to view 
the contents within a folder.) 

2 Press ‘Copy Path’ and highlight the destination drive or folder and then 
press ‘Select’. Press ‘Perform Copy’ to copy the folder or file.

Folder Catalogs

A catalog of all sub-folders and files, or separate catalogs of data (.csv and 

.dat) and state (.sta) files per folder can be obtained using the following com-

mands. 

In addition to the list of files, the commands also provide the total amount of 
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memory used and the total amount of memory available (free) on the specified 

drive.

MMEMory:CATalog[:ALL]?[<“folder”>] 

MMEMory:CATalog:DATA?[<“folder”>]

MMEMory:CATalog:STATe?[<“folder”>]

The folder parameter format is drive:path. drive is either INT (internal 

flash memory) or USB (external memory device). path is an absolute path and 

folder name beginning with \. If a folder is not specified, the contents of the 

specified current folder (MMEMory:CDIRectory) or the contents of the 

drive’s root directory are returned.

The format of the data returned is: 

<totalmemoryused>,<totalmemoryfree>,<“filelisting”> 

“filelisting” with quotes (““) included is further separated into:

“<filename>,<filetype>,<filesize>” 

Memory used, memory free, and file size are given in bytes. Examples of what 

the individual CATalog commands might return for a folder on an external 

USB memory device containing a sub-folder plus a .csv data file, a .dat data 

file, and a state file are given as follows:

MMEMory:CATalog[:ALL]?
253657088,519798784,"data1.csv,ASC,12500","state1.sta,STAT,860","
data2.dat,BIN,1600","dut_a,FOLD,0"

MMEMory:CATalog:DATA?
253657088,519798784,"data1.csv,ASC,12500","data2.dat,BIN,1600"

MMEMory:CATalog:STATe?
253657088,519798784,"state1.sta,STAT,860"
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Instrument Status

Agilent 53220A/53230A Status System 269

Questionable Data Register Group 269

Standard Operation Register Group 270

Standard Event Register 272

Status Byte Register 273

This chapter covers the status registers used to monitor conditions within the 
53220A/53230A counter.
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Figure 8-1. The 53220A/53230A Status System.
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Agilent 53220A/53230A Status System

This chapter provides an overview of the 53220A/53230A Status System. Refer 
to the STATus subsystem and the IEEE-488 commands within the Program-
mer’s Reference for bit definitions and additional information. The reference 
is located on the 53210A/ 53220A/53230A Product Reference CD 
(p/n 53220-13601).

Questionable Data Register Group

The counter’s Questionable Data Register Group monitors the following condi-
tions and events within the counter:

• input voltage overload

• time interval, frequency, phase, totalize measurement hardware time out

• calibration data

• time base error

• lower-limit exceeded

• upper limit exceeded

• reading memory overflow

Condition Register 

The Condition Register within the Questionable Data Register Group monitors 
current conditions that may impact the integrity of the counter measure-
ments. The Condition Register is read with the command:

STATus:QUEStionable:CONDition?

Reading the register does not clear the bit(s) in the register. The bit is cleared 
when the condition is removed. 

Event Register

The Event Register within the Questionable Data Register Group also monitors 
conditions that may impact the integrity of the counter measurements. 
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The Event Register is read with the command:

STATus:QUEStionable[:EVENt]?

Unlike the Condition Register, the bits in the Event Register remain set 
following the condition that occurred. The bits are cleared by reading the 
register. 

Enable Register 

The Enable register specifies which bits in the Event register can generate a 
summary bit which is subsequently used to generate a service request. 

Bits within the Event Register are enabled with the command:

STATus:QUEStionable:ENABle<enable>

STATus:QUEStionable:ENABle? (queryform)

- enable: decimal value corresponding to the binary-weighted sum of the bits 
in the register. For example, to enable the bit monitoring possible time base 
errors: STAT:QUES:ENAB1024.

Standard Operation Register Group

The counter’s Standard Operation Register Group monitors operational condi-
ons within the counter. These include:

• calibration in progress

• battery operation

• battery charge status

• measurement in progress

• waiting for trigger

• internal reference oscillator in use

• remote interface lock and remote interface errors

• configuration change

• reading memory threshold reached
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Condition Register 

The Condition Register within the Standard Operation Register Group moni-
tors current conditions regarding the operational state of the instrument. The 
Condition Register is read with the command:

STATus:OPERation:CONDition?

Reading the register does not clear the bit(s) in the register. The bit is cleared 
when the condition is removed. 

Event Register

The Event Register within the Standard Operation Register Group also moni-
tors the instrument state. The Event Register is read with the command:

STATus:OPERation[:EVENt]?

Unlike the Condition Register, the bits in the Event Register remain set 
following the state that occurred. The bits are cleared by reading the register. 

Enable Register 

The Standard Operation Register Group Enable Register specifies which bits 
in the Event register can generate a summary bit which is subsequently used 
to generate a service request. 

Bits within the (operational) event register are enabled with the command:

STATus:OPERation:ENABle<enable>

STATus:OPERation:ENABle? (queryform)

- enable: decimal value corresponding to the binary-weighted sum of the bits 
in the register. For example, to enable the bit monitoring low (critical) battery 
charge: STAT:OPER:ENAB4.
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Standard Event Register

The Standard Event Register monitors programming conditions including:

• operation complete

• query errors

• device errors

• execution errors

• command execution errors

• power-on state

Reading the Standard Event Register

The Standard Event Register is read with the command:

*ESR?

Reading the register does not clear the bits. The bits are cleared by sending 
*CLS.

Enabling the Standard Event Register

The Standard Event Enable register specifies which bits in the Standard Event 
Status register can generate a summary bit which is subsequently used to 
generate a service request.

Bits within the standard event register are enabled with the command:

*ESE<enable>

*ESE? (queryform)

- enable: decimal value corresponding to the binary-weighted sum of the bits 
in the register. For example, to enable the bit monitoring command syntax 
errors: *ESE32.

*ESE? returns the weighted-sum of all enabled bits.
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Status Byte Register

The Status Byte register contains the summary bits of the Questionable Data 
Register Group, the Standard Operation Register Group, the Standard Event 
Register, the counter error queue, and the output buffer (Figure 8-1).

The Master Summary RQS bit (Bit 6) is set (1) when any other bit in the Status 
Byte register is set.

Reading the Status Byte Register

The Status Byte register is read with either of the following commands:

*STB?

SPOLL

Both commands return the decimal weighted sum of all set bits in the register. 
The difference between the commands is that *STB? does not clear bit 6 
(RQS). The serial poll (SPOLL) does clear bit 6. 

All bits in the Status Byte register (except bit 4) are cleared with the 
command:

*CLS

Bit 4 is cleared when data is read from the output buffer.

Service Request Enable Register

The Service Request Enable register specifies which (status group) summary 
bit(s) will send a service request message to the computer. 

The bits are specified with the command:

*SRE<enable>
*SRE? (queryform)

- enable: decimal value corresponding to the binary-weighted sum of the bits 
in the register. For example, to enable the bit representing the Questionable 
Data Register Group: *SRE8.

Chapter 7 and Product Reference CD (p/n 53220-13601) contain examples 
using the STATus subsystem.
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53220A/53230A Error Messages

Appendix A contains a description of the error messages associated with the 
53220A/53230A counter.
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Table A-1. 53220A/53230A Error Message Descriptions.

Code Message Description

Command Errors

-100 Command Error
Genericsyntaxerror-aCommandErrorashas

occurred.

-101 Invalid character
Aninvalidcharacterispresentinthecommand’s

headerorinaparameter.

-102 Syntax error

Anunrecognized(misspelled)commandwas

receivedorseparatorbetweenparametersis

missing.

-103 Invalid separator
Aninvalidseparator(e.g.somethingotherthana

comma,space,orsemicolon)wasreceived.

-104 Data type error

Thewrongdatatype(number,character,string,

expression)wasusedwhenspecifyingaparame-

ter.

-108 Parameter not allowed
Moreparameterswerereceivedthanexpectedfor

thecommandheader.

-109 Missing parameter Commandrequiresaparameterorparameters.

-110 Command header error
Anerrorwasdetectedinthecommandheader

butmorespecificinformationisnotavailable.

-111 Header separator error
Aninvalidseparatorfollowsthecommandheader.

Avalidseparatorisusuallya(blank)space.

-112 Program mnemonic too long
Thecommandheadercontainsmorethan12

characters.

-113 Undefined header
Thecommandheaderissyntacticallycorrect,but

undefinedfortheinstrument.

-114 Header suffix out of range

Anumericsuffixincludedaspartofthecommand

headerisoutofrange(e.g.‘3’whenonly‘1’or‘2’

isvalid.

-120 Numeric data error
Anumericdataelementwasdetectedbutmore

specificinformationisnotavailable.

-121 Invalid character in number
Acharacterotherthananumber,comma,ordeci-

malpointisembeddedinthenumberspecified.
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-123 Exponent too large 
Themagnitudeoftheexponentisgreaterthan

32,000.

-124 Too many digits
Themantissa(thepositivefractionalpartofthe

number)containsmorethan255digits.

-128 Numeric data not allowed

Anumberwasspecifiedinthecommandheader

orinaparameterwherenumericdataisnot

allowed.

-130 Suffix error

Anerrorwasdetectedinthesuffix(units)ofa

numericparameter,butmorespecificinformation

isnotavailable.

-131 Invalid suffix
Theparametersuffixisspecifiedincorrectly

(e.g.10MZratherthan10MHZ).

-134 Suffix too long Asuffixcontainsmorethan12characters.

-138 Suffix not allowed
Asuffixwasspecifiedforanumericparameter

whenoneisnotallowed.

-140 Character data error
Acharactererrorwasdetectedinthecommand

headerorinaparameter,butmorespecificinfor-

mationisnotavailable.

-141 Invalid character data
Eitheraninvalidcharacterwasreceived,orthe

characterisnotvalidforthecommandheader.

-144 Character data too long
Thecharacterdatacontainsmorethan12charac-

ters.

-148 Character data not allowed
Avalidcharacterwasspecifiedwhenanother

datatype(numeric,boolean)isrequired.

-150 String data error
Anerrorwasencounteredinthestringspecified,

butmorespecificinformationisnotavailable.

-151 Invalid string data
Arequiredstringparameterwasreceivedbutis

invalid.

-158 String data not allowed
Avalidstringwasspecifiedwhenanotherdata

type(numeric,boolean)isrequired.

-160 Block data error
Anerrorwasencounteredintheblockdata,but

morespecificinformationisnotavailable.

-161 Invalid block data
Thenumberofbytesinadefinitelengthdata

blockdoesnotmatchthenumberofbytesindi-

catedbytheblockheader.
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-168 Block data not allowed
Ablockdataelementwasencounteredatan

instancewhereitisnotallowedbytheinstrument.

-170 Expression error
Anerrorwasencounteredinaparameterexpres-

sion,butmorespecificinformationisnotavail-

able.

-171 Invalid expression
Theexpressionusedtocalculateaparameter

valueisinvalid.

-178 Expression data not allowed
Anexpressionwasencounteredataninstance

whereitisnotallowedbytheinstrument.

Execution Errors

-203 Command Protected
Apassword-protectedcommandorquerycould

notbeexecutedbecausethecommandwasdis-

abled.

-213 INIT ignored
INITiate:IMMediatewasreceivedwhilethe

counteriscurrentlyinitiated.

-221 Settings conflict
Thestatementappendedtothe‘Settingsconflict’

messagedescribestheconflictandhowitwas

resolved.

-222 Data out of range
Theparametervaluereceivedwasoutsidethe

rangeforthegivencommand.

-223 Too much data
Theblock,element,orstringparameterreceived

isvalid,butmemorylimitationspreventcommand

execution.

-224 Illegal Parameter Value
Anexactvaluefromalistofchoiceswas

expected.

-225
Out of memory;

measurement data overrun

Internalbuffersarefullasdataistakenatafaster

ratethancanbeprocessed.Decreasingtheread-

ingrate(gatetime)canpreventthiserror.

-230 Data corrupt or stale
Attemptingtoretrievedatafollowingaresetor

changetothecounterconfiguration.

-240 Hardware error
Mosthardwareerrorsaredetectedatinstrument

power-on.Ifahardwareerroroccurs,cyclepower

again.Iftheerrorremains,contactAgilent.

-241 Hardware missing
Thefunctionspecifiedrequiresoptionalchannel

3.Thechanneliseithermissingorincorrectly

installed.
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-250
Mass storage error:

file read/write error

Anerroroccurredreadingfrom,orwritingtoafile

ininternalflashmemoryoronaUSBmemory

device.Filespacemayhavebeenexceededor

theUSBdeviceremovedbeforetheoperation

wascomplete.

-252 Missing Media
InternalflashmemoryortheUSBdevicewasnot

foundduringafileoperation.

-254 Media full
InternalflashmemoryortheUSBdevicehasno

memoryspaceavailabletocreatethefolderor

file,ortoperformthefileoperation.

-256 File or folder name not found
Thefolderorfilenamespecifiedincommand

doesnotexist.

-257
File name error;

invalid character in name
Thefileorfoldernamecontainsaninvalidcharac-

ter(\/:*?“<>|).

-257
File name error;

path too long
Thecombinationofthedirectorypathandfile

nameisgreaterthan239characters.

-257
File name error;

not a folder name
Thefoldernamespecifiedinthememoryopera-

tionisthenameofanexistingfile.

-257
File name error;

path is a folder name
Thefilenamespecifiedinthememoryoperation

isthenameofanexistingfolder.

-257
File name error;

file or folder already exists

Thenamespecifiedwhencreatingafileorfolder

alreadyexistsininternalflashmemoryoronthe

USBdevice.

-257
File name error;

relative path not allowed
The“..”conventioncannotbeusedtoindicatethe

parentfolder.

-257
File name error;

folder is default folder 

Thefolderpresentlyspecifiedasthedefault/cur-

rentfolder(MMEMory:CDIRectory)cannotbe

deleted.

-257
File name error;

path name missing
Thefolderorfileoperationspecifieddoesnot

includeavalidpathname.

-257

File name error;

drive name missing or 

not recognized

Thedrivenameismissingorisinvalidinthepath

specified.ValiddrivenamesareINT(internal

flashmemory)andUSB(externalUSBmemory

device).

-257
File name error;

access denied
Thefolderorfileoperationrequestedcannotbe

performedonaprotectedofsystemfile.
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-257
File name error;

file too large
Thefileuploadedtothecounterisgreaterthan

1GByte.

-257
File name error;

folder not empty

WhendeletingafolderfromanI/O(remote)inter-

face,thefoldermustbeempty-nosub-foldersor

files.Un-emptyfoldersCANbedeletedfromthe

frontpanel.

-257
File name error;

unknown file extension
Dependingonthememoryoperationandfiletype,

validfileextensionsare.csv,.dat,.sta,and.prf.

Device Specific Errors

-310
System Error;

internal software error

Atpower-on,thefirmwareisunabletoobtain

informationfromtheinstrument’snon-volatile

memorytocompleteinitialization.Cyclepower

again.ContactAgilentiftheerrorremains.

-310

System Error;

failed to erase calibration data 

in PIC EEProm

Forsystemerrorsrelatedtoerasing,reading,or

writingcalibrationdata,verifythattheinstrument

hasthelatestfirmwarerevisioninstalled.Firm-

wareupdatescanbelocatedbeginningatthe

“TechnicalSupport”tabat

www.agilent.com/find/53220Aor

www.agilent.com/find/53230A.Iftheerrorcondi-

tionremains,contactAgilent.

-310

System Error;

failed to erase system infor-

mation in PIC EEProm

Forsystemerrorsrelatedtoerasing,reading,or

writingsysteminformation,verifythattheinstru-

menthasthelatestfirmwarerevisioninstalled.

Firmwareupdatescanbelocatedbeginningatthe

“TechnicalSupport”tabat

www.agilent.com/find/53220Aor

www.agilent.com/find/53230A.Iftheerrorcondi-

tionremains,contactAgilent.

-310
System Error;

I2C Comms Failure

I2Crelatederrorsiftheyoccur,willoccurmost

oftenduringbootupwhenpoweriscycled.Ifthis

typeoferroroccurscyclepoweragain.Iftheerror

remains,contactAgilentwithacompletedescrip-

tionoftheerrormessage.

-313
Calibration memory lost;

memory corruption detected

Theinstrumentwasunabletoreferencecalibra-

tiondatainnon-volatilememory.Performarecali-

bration.
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-313

Calibration memory lost;

due to firmware revision 

change

Theinstrument’scalibrationdatahasbeenerased

followingainstrumentfirmwareupdate.Recali-

brationoftheinstrumentisrequired.

-314
Save/recall memory lost;

memory corruption detected

Theinstrumentstatesavedbythe*SAV?com-

mandinnon-volatile(flash)memoryhasbeen

lost.

-314

Save/recall memory lost;

due to firmware revision 

change

Theinstrumentstatesavedbythe*SAV?com-

mandinnon-volatile(flash)memoryhasbeenlost

duetoafirmwareupdate.

-315
Configuration memory lost;

memory corruption detected

User-preferencesettingssuchasI/Osettings,the

referenceoscillatorsetting,measurementtime

outsetting,...havebeenlost.

-315

Configuration memory lost;

due to firmware revision 

change

User-preferencesettingssuchasI/Osettings,the

referenceoscillatorsetting,measurementtime

outsetting,...havebeenlostduetoafirmware

update.

-330 Self-test failed Seetheappendedmessageformoreinformation.

-350 Error queue overflow
Anerrorhasoccurred;however,theinstrument

errorqueueisfullandtheerrorwasnotrecorded.

Query Errors

-410 Query IINTERRUPTED
Thecounterreceivedacommandbeforeitwas

finishedrespondingtoapreviousquery.

-420 Query UNTERMINATED
Thecomputerattemptstoreadaqueryresponse

fromthecounterafterhavingissuedanincom-

pletequerycommand.

-430 Query DEADLOCKED
Thecounter’sinputandoutputbuffersarefulland

theinstrumentcannotcontinue.

-440
Query UNTERMINATED after 

indefinite response

Aquerycommandwasreceivedinthesame

stringafteraquery(e.g.*IDN?)requestingan

indefinitelengthresponse.

Instrument Errors

+100 Network Error ALANnetworkerrorhasoccurredorthereisa

possiblehardwarefailure.Runtheinstrument

self-testtodetermineifahardwarefailureexists.

Ifso,contactAgilent.

+110 LXI mDNS Error
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+263
Not able to execute while 

instrument is measuring
Acommandwasreceivedwhileameasurement

isinprogress

+291
Not able to recall state: it is 

empty
Thestatestoragelocation(0-4)specifiedbythe

*RCLcommandisempty

+292 State file size error
Attemptedtoloada.sta(state)filethatistoo

large.

+293 State file corrupt
The.sta(state)filespecifieddoesnotcontain

vaildinstrumentstateinformation.

+294 Preference file size error
Attemptedtoloada.prf(preference)filethatis

toolarge.

+295 Preference file corrupt
The.prf(preference)filespecifieddoesnotcon-

tainvailduser-preferencesettinginformation.

+301
Input termination protection 

relay opened

Aninputsignalgreaterthanorequalto+10Vpis

presentonachannel.Theinputimpedanceisset

to1MΩ. Removingorreducingthesignalbelow
thedamagelevelandpressingtheflashing(chan-

nel)keyorsendingINPut:PROTection:CLEar

resetstheprotectionrelay.

+302
Cannot reset input protec-

tion; high voltage present

Theinputsignalpresentonthechannelisgreater

thanorequalto+10Vpwhenaresetoftherelay

wasattempted(keyorusingINPut:PROTec-

tion:CLEar).

+310
Channel 3 pulse width

too short

Unabletomakeacarrierfrequencymeasure-

ment.Forpulsewidths<13us,narrowpulse

modemustbesetusing

SENSe:FREQuency:BURSt:GATE:NARRowON.

Ifnarrowpulsemodeisset,pulsewidthsmustbe

>200ns.

+311
Channel 3 pulse width 

too long

Unabletomakeacarrierfrequencymeasure-

ment.Ifnarrowpulsemodeisset,pulsewidths

mustbe<17us.Forpulsewidths>17us,disable

narrowpulsemodeusing

SENSe:FREQuency:BURSt:GATE:NARRowON.

+312
Channel 3 pulse width could 

not be measured

Thepulsewidthcouldnotbemeasuredduetono

signalpresent,thepowerlevelofthesignalistoo

lowortoohigh,orthesignalisnotapulsedsig-

nal.
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+313
Channel 3 burst frequency 

could not be measured

Thecarrierfrequencycouldnotbemeasuredpos-

siblyduetoafrequencyshiftoftheinputsignal.

Seeadditionalerrorsaccompanyingthismes-

sage.

+314
Channel 3 pulse ended before 

gate closed

Theinputsignalmaycontainpulsesofvarying

widths.Ifusingautomaticgatecontrol

(SENSe:FREQuency:BURSt:GATE:AUTOON),

turnautomaticcontrolOFFanddecreasethegate

timemanuallyusing

SENSe:FREQuency:BURSt:GATE:TIMEuntila

readingisobtained.

+315
Channel 3 power too high 

for operation

Forcontinuouswave(CW)measurementssignal

powermustbe<+19dBm.Forpulsemeasure-

mentssignalpowermustbe<+13dBm.

+316
Channel 3 power too low 

for operation

Forcontinuouswave(CW)measurementssignal

powermustbe>-27dBm.Forpulsemeasure-

mentssignalpowermustbe>-13dBm.

+317
Channel 3 power changed 

during measurement

Themeasurementcouldnotbecompleteddueto

achange(toolowortoohigh)ininputsignal

power.

+318
Channel 3 input is not a 

pulsed signal
Themeasurementfunctionselectedrequires/

expectsapulsedsignal.

+319
Channel 3 frequency shift 

detected during measurement

TheFMtoleranceoftheinputsignalfrequency

exceeded+50%duringthecurrentmeasurement

gate.

+320
Input signal frequency shift 

caused counter overflow

TheFMtoleranceoftheinputsignalfrequency

exceeded+50%duringthecurrentmeasurement

gate.

+321
Measurement timeout 

occurred

Thetimeallottedforanindividualmeasurementto

completewasexceeded.Thedefaulttimeoutis

1s.Thetimeoutissetfromthefrontpanelunder

‘Utility’->‘InstrSetup’,orusingthe

SYSTem:TIMEoutcommand:

+322
Measurement overflow 

occurred

Atotalizingcount(continuousorgated)exceeded

theupperrangeof1015events.

+514
Not allowed; Instrument 

locked by another I/O session

Alock(SYSTem:LOCK:REQuest?)was

requestedfromanotherI/Ointerface.

www.valuetronics.com



284  53220A/53230A User’s Guide

A 53220A/53230A Error Messages

+540
Cannot use overload as math 

reference

Anoverloadvalue(9.91E+37)cannotbeusedas

areferencefortheNULL,PCT,PPM,andPPB

scalingfunctions.

+541

Cannot use zero as math ref-

erence for PCT, PPM, or PPB 

scaling functions

Azero(0)valuecannotbeusedasareference

forthePCT,PPM,andPPBscalingfunctions.

+580 No valid external timebase

Anexternaltimebasefrequencyotherthan1,5,

or10MHzisappliedtothecounter,ortheexter-

naltimebasefrequencyisincorrectlyspecifiedby

theSENse:ROSCillator:EXTernal:FREQuency

conmmand.

+600 Internal licensing error
AnerroroccurredduringinstallationoftheOption

150(PulseMicrowaveMeasurements)license.

Thelicensewasnotinstalled.ContactAgilent.

+601 License file corrupt or empty

The.licfilespecifiedforinstallationcontainscor-

rupteddataorisempty.RecopytheOption150

licensefiletotheUSBdriveandrepeattheinstal-

lationprocess.

+602
No valid licenses found for 

this instrument
TheOption150.lic(license)filecouldnotbe

locatedamongother.licfilesontheUSBdrive.

+603
Some licenses could not be 

installed

The.lic(license)filecouldnotbeinstalleddueto

anincompatiblemodelnumberorserialnumber,

ornolicensesfoundwereapplicabletotheinstru-

ment.

+604 License not found
Wheninitiatedfromtheinstrumentfrontpanelto

installtheOption150license,no.licfilewas

found.

+800
Non-volatile memory write 

failure

Theuserpreferences(.prf)fileisinvalidandcould

notbestoredininternalflashmemoryoronthe

USBmemorydevice.

+810 State has not been stored

Theinstrumentstatefilespecifiedbythe

MMEMory:LOAD:STATe<“file”>con-
tainsaninvalidinstrumentstateandcannotbe

loaded.
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+820

Model and Serial Numbers not 

restored FollowingreplacementoftheP500processor

(controller)boardormainmeasurementboard,

themodelnumberand/orserialnumberdonot

matchorhavenotbeenre-stored.Re-storethe

modelnumberandserialnumberasprompted

fromthefrontpanel.Refertotheserviceguidefor

additionalinformation.

+821

Controller and measurement 

board model numbers do not 

match

+822

Controller and measurement 

board serial numbers do not 

match

Calibration Errors

+701
Calibration error; 

security defeated

Shortingthecalibrationsecurejumper(CAL

ENABLE)whenturningONtheinstrumentwill

causethiserrortooccurindicatingthesecurity

passwordhasbeenoverwritten.See“Resetting

theSecurityCodetoaNull”intheserviceguide

fordetails.

+702
Calibration error;

calibration memory is secured

Acalibrationcannotbeperformedwhencalibra-

tionmemoryissecured.See“ToUnlockThe

CounterForCalibration”and“ToLockthe

Counter”inChapter2oftheserviceguidefor

moreinformation.UsetheCAL:SEC:STATON

commandtoenterthesecuritycodeusingthe

remoteinterface.

+703

Calibration error;

secure code provided was 

invalid
Thesecuritycodespecifiedwasinvalid.

+704
Calibration error;

secure code too long
Thesecuritycodespecifiedisgreaterthan12

characters.

+705
Calibration error;

calibration aborted
Anin-progresscalibrationwasaborted(stopped)

bytheuser.

+706
Calibration error;

provided value out of range
Acalibrationvaluewasenteredthatwasoutside

theexpectedrangeofvalidinputs.

+707

Calibration error;

computed correction factor 

out of range

Ifthiserroroccurs,cyclepowerandruntheinstru-

mentself-test.Verifythecalibrationsetup(instru-

mentsettings,connections)andrecalibratethe

counter.ContactAgilentifthereisaself-testfail-

ureortheunitfailstocalibrate.
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+711
Calibration error;

calibration string too long
Themessagetobestoredincalibrationmemory

isgreaterthan40characters.

+712 Calibration failed Ahardwarefailureoccurred.ContactAgilent.

+713
Channel 3 calibration signal 

not detected
Thecalibrationsourcesignalisnotconnectedto

channel3.

+714
Channel 3 calibration signal 

power level error
Thepowerlevelofthecalibrationsignalwasout-

sidetheexpectedrangeofthespecifiedlevel.

+715
Channel 3 calibration signal 

frequency error
Thefrequencyofthecalibrationsignalwasout-

sidetheexpectrangeofthespecifiedvalue.

+716
Channel 3 calibration signal 

is not CW
TheChannel3calibrationsignalmustbeacon-

tinuouswave(CW)andnotapulsedsignal.

+717
Channel 3 calibration 

timeout occurred

Calibrationatthespecifiedpowerleveldidnot

completewithinthe~1.2secondsallowed.Per-

formaself-testtoverifyoperationoftheChannel

3boardandre-checktheparametersoftheinput

signal.

+720
Auto-calibration failed; 

input signal detected
Nosignalshouldbepresentontheinputchannel

duringanauto-cal.

+742
Calibration data lost: 

corrections

Theinstrument’scalibrationdatawaslostduetoa

firmwareupdatethatmayhavemadethecurrent

calibrationdatainvalid,orduetoahardwarefail-

ure.Recalibratetheinstrument.

+748
Calibration memory

write failure

Anerroroccurredascalibrationdatawasbeing

writtentothecounter’sinternalflashmemory.

Runtheself-testtoverifycounteroperationand

repeatthecalibrationprocedure.

+750 Calibration data not restored
Followingrepair,calibrationdatawasnotrestored

aspromptedfromthefrontpanel.

Self-Test Errors

+901
Self-Test failed: 

auto-calibration failure

Afailureoccurredduringtheauto-calibrationpor-

tionoftheself-test.Repeattheself-test.Ifthe

auto-calibrationfailureremainsthereisanissue

withtheinstrumenthardware.ContactAgilent.
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+903
Self-Test failed: 

real-time clock setting lost

Resettheinstrumentclockusingthe‘Utility’->

‘SystemSetup’->‘Date/Time’keys,orusingthe

SYSTem:TIMEorSYSTEM:DATEcommands.

Re-runtheself-test.

+904

Self-Test failed: 

main CPU error accessing 

boot environment

Verifyandifnecessary,installthelatestfirmware

updateandre-runtheself-test.Ifthefallure

occurswiththelatestfirmwarerevisioninstalled,

contactAgilent.

+905
Self-Test failed:

failed to read FPGA revision

+906

Self-Test failed: 

FPGA revision is less than 

expected

+907
Self-Test failed: 

PIC communication failure

+908
Self-Test failed: 

battery test failed
Theseself-testsperformacommunicationtestto

detectthepresenceofthebattery,GPIB,and

Channel3options.Verifyandifnecessary,install

thelatestfirmwareupdateandre-runtheself-test.

Ifthefallureoccurswiththelatestfirmwarerevi-

sioninstalled,contactAgilent.

+909
Self-Test failed: 

GPIB test failed

+910
Self-Test failed: 

channel 3 test failed

+911

Self-Test failed: 

front panel revision check 

failed

Verifyandifnecessary,installthelatestfirmware

updateandre-runtheself-test.Ifthefallure

occurswiththelatestfirmwarerevisioninstalled,

contactAgilent.+912
Self-Test failed: 

measurement board test failed
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