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1.1

Basics

Basics

This chapter provides basic information on operating an instrument via remote control.

Remote Control Interfaces

For remote control, LAN / USB (standard interface) or GPIB (optional interface) can be used. The
optional GPIB interface has its own interface module slot on the rear panel of the HMC8012.

Within this interface description, the term GPIB is used as a synonym for the IEC/IEEE
bus interface.

SCPI (Standard Commands for Programmable Instruments) SCPI commands - messages - are
used for remote control. Commands that are not taken from the SCPI standard follow the SCPI
syntax rules.

USB Interface

In addition to a LAN interface, the HMC8012 includes a USB device port. For this interface,

the user can select if the instrument is accessed via virtual COM port (VCP) or via USB TMC
class. The traditional version of the VCP allows the user to communicate with the HMC using
any terminal program via SCPI commands once the corresponding Windows drivers have been
installed. For the multimeter HMC8012, these commands are mostly compatible with the Agilent
multimeters 34401A and 34410A. Naturally, the free HAMEG software “HMExplorer” is also
available for the HMC series. This Windows application offers HMC instruments a terminal func-
tion, the option to create screenshots and to read out the measured data from the HMC memory.

The modern alternative to the virtual COM port is to remote control the HMC8012 via USB TMC
class. TMC stands for “Test & Measurement Class” which indicates that the connected measure-
ment instrument can be recognized without special Windows drivers if VISA drivers are installed
and that it can be used directly in corresponding environments. The GPIB interface serves as mo-
del to the structure of the TMC design. A major benefit of the USB TMC class is that by sampling
specific registers the controlling software can determine if commands have been terminated and
if they have been processed correctly. In contrast, the communication via VCP requires analy-

sis and polling mechanisms within the controlling software which may significantly strain the
interface of the measurement instruments. The TMC status registers solve this problem with the
USB TMC in the same manner as is the case with the GPIB interface for the hardware, namely
via corresponding control lines.

If you are using USB you need to install an USB driver, which can be downloaded free of charge
from the HAMEG homepage.
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The available USB driver is fully tested, functional and released for Windows XP™ 32
Bit, Windows Vista™ or Windows 7™ both as 32Bit or 64Bit versions.

The USB interface has to be chosen in the multimeter and does not need any setting.

If the virtual COM port will be used, you have to install the virtual COM port part of
the HMIC8012 USB driver. The virtual COM port (VCP) will be activated in the PC de-
vice explorer.

LAN Interface

The settings of the parameter will be done after selecting the menu item ETHERNET and the
soft key PARAMETER. You can set a fix IP adress or a dynamic IP setting via the DHCP function.
Please ask your IT department for the correct setting at your network.

IP address

To set up the connection the IP address of the instrument is required. It is part of the resource
string used by the program to identify and control the instrument. The resource string has the
form:

TCPIP::<IP_address»::<IP_port)::SOCKET

The default port number for SCPI socket communication is 5025. IP address and port number
are listed In the , Ethernet Settings” of the HMC8012, see also: chapter 1.2.2,”Configuring LAN
Parameters”, on page 4.

Example: If the instrument has the IP address 192.1.2.3; the valid resource string is:
TCPIP::192.1.2.3::5025::SOCKET

If the LAN is supported by a DNS server, the host name can be used instead of the IP address.
The DNS server (Domain Name System server) translates the host name to the IP address. The
resource string has the form:

TCPIP::<host_name>::<IP_port::SOCKET

To assign a host name to the HMC8012, select SETUP button » Misc » Device name.

Example: If the host name is HAMEG1; the valid resource string is:

TCPIP::HAMEG1::5025::SOCKET

SCPI Commands HMC8012 4
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The end character must be set to linefeed (LF).

1.2

1.21

GPIB Interface (IEC/IEEE Bus Interface)

In addition to the GPIB functions which are available via USB TMC class, the HMC8012 is optio-
nally available with an integrated GPIB interface. This solution is particularly attractive for custo-
mers who already have an existing GPIB environment. With minimum efforts, an old instrument
can be replaced by a model of the HMC8012.

To be able to control the instrument via the GPIB bus, the instrument and the controller must be
linked by a GPIB bus cable. A GPIB bus card, the card drivers and the program libraries for the
programming language must be provided in the controller. The controller addresses the instru-
ment with the GPIB instrument address.

Characteristics

The GPIB interface is described by the following characteristics:

e Up to 15 instruments can be connected

e The total cable length is restricted to a maximum of 15m; the cable length between two instru-
ments should not exceed 2m.

e A wired ,,OR”-connection is used if several instruments are connected in parallel.

GPIB Instrument Address

In order to operate the instrument via remote control, it must be addressed using the GPIB
address. The remote control address is factory-set to 20, but it can be changed in the network
environment settings or in the ,,Setup” menu under ,Interface » Parameter”. For remote control,
a GPIB address from 0 to 30 are allowed. The GPIB address is maintained after a reset of the
instrument settings.

Setting Up a Network (LAN) Connection

Connecting the Instrument to the Network
The network card can be operated with a 10 Mbps Ethernet IEEE 802.3 or a 100 Mbps Ethernet
|IEEE 802.3u interface.

Risk of network failure
Before connecting the instrument to the network or configuring the network, consult
your network administrator. Errors may affect the entire network.
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To establish a network connection, connect a commercial RJ-45 cable to one of the
LAN ports of the instrument and to a PC.

1.2.2

Configuring LAN Parameters

Depending on the network capacities, the TCP/IP address information for the instrument can be
obtained in different ways.

e Automatically: DHCP or AutolP. All address information can be assigned automatically.

e Manually: the address must be set manually.

By default, the instrument is configured to use automatically configuration and obtain all address
information automatically. This means that it is safe to establish a physical connection to the LAN
without any previous instrument configuration.

If DHCP is used and the system cannot assign an IP address to the R&S HMC8012 (for
instance, if no Ethernet cable is connected or the network does not support DHCP), it
may take up to three minutes until a timeout allows the interface to be configured again.

Configuring LAN parameters
e Press the SETUP key and then the INTERFACE softkey.
e Press the ETHERNET and then the PARAMETER softkey.

The ,Ethernet Settings” dialog box is displayed.

M 14-33-bc-bg-50 | PUTC MAN

r -
IP: 0.0 2 MEXT

Subnet mask

R&aW-Port:
-11-Port:
Transfer:

Link: 3
[P-Status: [

Fig. 1.1: Ethernet Settings dialog box

Some data is displayed for information only and cannot be edited. This includes the ,MAC"” (phy-
sical) address of the connector and the , Link” status information.

|
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e Define the IP address of the instrument by entering each of the four blocks individually (ma-
nual mode) or choose the automatic IP-Mode.
a) In manual mode (MAN) define the first block number using the knob.
b) Press Next to move to the next block and define the number.
c) When the IP address is complete, press Down to continue with the next setting.
e Define the ,Subnetmask” and , Gateway” in the same way.
e Select the ,RAW Port” - the port number for SCPI socket communication.

e Select the ,VXI-11- Port” used by the instrument.

e Select the , Transfer” mode. This mode can either be determined automatically (,,Auto” setting),
or you can select a combination of a transfer rate and half or full duplex manually.

e Press SAVE to save the LAN parameters.

The , Link” and ,,IP-Status” information at the bottom of the dialog box indicates
whether a LAN connection was established successfully.

1.3

1.4

141

Checking LAN and SCPI connection

e (Check the LAN connection using ping: ping xxX.yyy.ZzZzZ.XXXx.

e |f the PC can access the instrument, enter the IP address of the address line of the internet
browser on your computer: http//:xxx.yyy.zzz.xxx

e The ,Instrument Home” page appears. It provides information on the instrument and the LAN
connection.

Switching to Remote Control

When you switch on the instrument, it is always in manual operation state (,local” state) and can
be operated via the front panel. When you send a command from the control computer, it will be
received and executed by the instrument. The display remains on, manual operation via the front
panel is always possible.

Messages and Command Structure

Messages

Instrument messages are employed in the same way for all interfaces, if not indicated otherwise
in the description.

See also:
e Structure and syntax of the instrument messages: chapter 1.4.2, ,SCPI Command Structure”.
e Detailed description of all messages: chapter 2, ,Command Reference”.

SCPI Commands HMC8012 7


https://www.manualsplus.com/

SCPI Commands HMIC8012 Remote Control

Basics

There are different types of instrument messages:
e Commands
e |nstrument responses

Commands

Commands (program messages) are messages which the controller sends to the instrument.
They operate the instrument functions and request information. The commands are subdivided
according to two criteria:

According to the instrument effect:

e Setting commands cause instrument settings such as a reset of the instrument or setting the
frequency.

e Queries cause data to be provided for remote control, e.g. for identification of the instrument or
polling a parameter value. Queries are formed by appending a question mark to the command
header.

According to their definition in standards:

e The function and syntax of the Common commands are precisely defined in standard IEEE 488.2.
They are employed identically on all instruments (if implemented). They refer to functions such
as management of the standardized status registers, reset and self test.

e [nstrument control commands refer to functions depending on the features of the instrument
such as voltage settings. Many of these commands have also been standardized by the SCPI
committee. These commands are marked as ,,SCPI compliant” in the command reference
chapters. Commands without this SCPI label are device-specific, however, their syntax follows
SCPI rules as permitted by the standard.

Instrument responses

Instrument responses (response messages and service requests) are messages which the instru-
ment is sent to the controller after a query. They can contain measurement results, instrument
settings and information on the instrument status.

GPIB Interface Messages

Interface messages are transmitted to the instrument on the data lines, with the attention line
(ATN) being active (LOW). They are used for communication between the controller and the
instrument and can only be sent by a computer which has the function of a GPIB bus controller.
GPIB interface messages can be further subdivided into:

e Universal commands: act on all instruments connected to the GPIB bus without previous
addressing
e Addressed commands: only act on instruments previously addressed as listeners

Universal Commands

Universal commands are encoded in the range 10 through 1F hex. They affect all instruments
connected to the bus and do not require addressing. Addressed commands are encoded in the
range 00 through OF hex. They only affect instruments addressed as listeners.

SCPI Commands HMC8012 8
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1.4.2 SCPI Command Structure

SCPI commands consist of a so-called header and, in most cases, one or more parameters. The
header and the parameters are separated by a ,white space” (ASCIl code 0 to 9, 11 to 32 deci-
mal, e.g. blank). The headers may consist of several mnemonics (keywords). Queries are formed
by appending a question mark directly to the header.

The commands can be either device-specific or device-independent (common commands).
Common and device-specific commands differ in their syntax.

Syntax for Common Commands
Common (= device-independent) commands consist of a header preceded by an asterisk (*) and
possibly one or more parameters.

Examples:
*RST Reset Resets the instrument.
*ESE Event Status Enable Sets the bits of the event status enable registers.
*ESR? Event Status Query Queries the content of the event status register.
*IDN? Identification Query Queries the instrument identification string.

Table 1.4: Examples of Common Commands

Syntax for Device-Specific Commands
e Example: CALCulate:FUNCtion {NULL | DB | DBM | AVERage | LIMit}

Long and short form

The mnemonics feature a long form and a short form. The short form is marked by upper case
letters, the long form corresponds to the complete word. Either the short form or the long form
can be entered; other abbreviations are not permitted.

Example: CALCulate:FUNCtion NULL is equivalent to CALC:FUNC NULL

Case-insensitivity
Upper case and lower case notation only serves to distinguish the two forms in the
manual, the instrument itself is case-insensitive.

SCPI Commands HMC8012 9
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Optional mnemonics

Some command systems permit certain mnemonics to be inserted into the header or omitted.
These mnemonics are marked by square brackets. The instrument must recognize the long
command to comply with the SCPI standard. Some commands are shortened by these optional
mnemonics.

Example:

INITiate[:IMMediate]
INIT:IMM is equivalent to INIT

Special characters

Parameters
| A vertical stroke in parameter definitions indicates alternative possibilities in the
sense of ,or”. The effect of the command differs, depending on the used parameter.

Mnemonics in square brackets are optional and may be inserted into the header or
omitted.

[]

Parameters in curly brackets are optional and can be inserted once or several times,
or omitted.

{}

Table 1.5: Special characters

SCPI Parameters

Many commands are supplemented by a parameter or a list of parameters. The parameters
must be separated from the header by a ,,white space” (ASCll code 0 to 9, 11 to 32 decimal, e.g.
blank). Allowed parameters are:

e Numeric values

e Special numeric values

e Boolean parameters

e Text

e (Character strings

The required parameters and the allowed value range are specified in the command description.

Numeric values

Numeric values can be entered in any form, i.e. with sign, decimal point and exponent. Values
exceeding the resolution of the instrument are rounded up or down. The mantissa may comprise
up to 255 characters, the exponent must lie inside the value range -32000 to 32000. The expo-
nent is introduced by an ,E” or ,e”. Entry of the exponent alone is not allowed.

Example: CALC:NULL:OFF 10mV = CALC:NULL:OFF 10E-3

Special numeric values

The texts listed below are interpreted as special numeric values. In the case of a query, the nume-
ric value is provided.

e MIN/MAX

e MINimum and MAXimum denote the minimum and maximum value.

Example: CALCulate:LIMit:LOWer MAXimum
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https://www.manualsplus.com/

SCPI Commands HMIC8012 Remote Control

Basics

CALC:LIM:LOW MAX?, Response: 1E3

Queries for special numeric values
The numeric values associated to MAXimum/MINimum can be queried by adding the corre-
sponding mnemonics to the command. They must be entered following the quotation mark.

Example: CALC:LIM:LOW? MAXimum
Returns the maximum numeric value as a result.

Boolean parameters

Boolean parameters represent two states. The ,ON” state (logically true) is represented by ,,ON”
or a numeric value 1. The ,,OFF" state (logically untrue) is represented by ,OFF” or the numeric
value 0. The numeric values are provided as the response for a query.

Example: CALCulate[:STATe] ON
CALC:STAT?, Response: 1

Text parameters

Text parameters observe the syntactic rules for mnemonics, i.e. they can be entered using a
short or long form. Like any parameter, they have to be separated from the header by a white
space. In the case of a query, the short form of the text is provided.

Example: HCOPy:FORMat BMP
HCOPy:FORMat?, Response: BMP

Overview of Syntax Elements
The following table provides an overview of the syntax elements:

The colon separates the mnemonics of a command. In a command line the separa-
ting semicolon marks the uppermost command level.

The semicolon separates two commands of a command line. It does not alter the

path.
, The comma separates several parameters of a command.
? The question mark forms a query.

The asterisk marks a common command.

"

Quotation marks introduce a string and terminate it.

A ,white space” (ASCII-Code 0 to 9, 11 to 32 decimal, e.g. blank) separates the
header from the parameters.

Table 1.6: Syntax Elements

Responses to Queries

A query is defined for each setting command. It is formed by adding a question mark to the
associated setting command. According to SCPI, the responses to queries are partly subject to
stricter rules than in standard IEEE 488.2.

e The requested parameter is transmitted without a header.

Example: HCOPy:FORMat?, Response: BMP

SCPI Commands HMC8012 11
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e Maximum values, minimum values and all other quantities that are requested via a special text
parameter are returned as numeric values.

Example: CALCulate:LIMit:LOWer? MAXimum, Response: 1E3

e Numeric values are output without a unit. Physical quantities are referred to the basic units or
to the units set using the Unit command. The response 3.5E9 in the previous example stands
for 3.5 GHz.

e Truth values (Boolean values) are returned as O (for OFF) and 1 (for ON).

Example: CALCulate:STATe ON
CALCulate:STATe?, Response: 1

1.5 Command Sequence and Synchronization
A sequential command finishes the execution before the next command is starting. In order to
make sure that commands are actually carried out in a certain order, each command must be
sent in a separate command line.
As a general rule, send commands and queries in different program messages.
1.5.1 Preventing Overlapping Execution

To prevent an overlapping execution of commands, one of the commands *OPC, *OPC? or *WAI
can be used. All three commands cause a certain action only to be carried out after the hardware
has been set. The controller can be forced to wait for the corresponding action.

Command | Action Programming the controller

Sets the Operation Complete bit in e  Setting bit 0 in the ESE
*OPC the ESR after all previous commands | ®  Setting bit b in the SRE
have been executed. e Waiting for service request (SRQ)

|
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Stops command processing until Sending *OPC? directly after the

1 is returned. This is only the case command whose processing should be
*OPC? after the Operation Complete bit has | terminated before other commands can

i been set in the ESR. This bit indi- be executed.

cates that the previous setting has

been completed.

Stops further command processing | Sending *WAI directly after the com-
*WAI until all commands have been exe- mand whose processing should be

cuted before *WAI. terminated before other commands are

executed

Table 1.7: Synchronization using *OPC, *OPC? and *WAI

Command synchronization using *WAI or *OPC? appended to an overlapped command is a
good choice if the overlapped command takes time to process. The two synchronization tech-
niques simply block overlapped execution of the command. For time consuming overlapped
commands it is usually desirable to allow the controller or the instrument to do other useful work
while waiting for command execution. Use one of the following methods:

*OPC with a service request

e Set the OPC mask bit (bit no. 0) in the ESE: *ESE 1

e Set bit no. b in the SRE: *SRE 32 to enable ESB service request.

e Send the overlapped command with *OPC

e Wait for a service request

The service request indicates that the overlapped command has finished.

*OPC? with a service request

e Set bit no. 4 in the SRE: *SRE 16 to enable MAV service request.

e Send the overlapped command with *OPC?

e \Wait for a service request

The service request indicates that the overlapped command has finished.

Event Status Register (ESE)

e Set the OPC mask bit (bit no. 0) in the ESE: *ESE 1

e Send the overlapped command without *OPC, *OPC? or *WAI

e Poll the operation complete state periodically (by means of a timer) using the sequence: *OPC;
*ESR?

A return value (LSB) of 1 indicates that the overlapped command has finished.

*OPC? with short timeout

e Send the overlapped command without *OPC, *OPC? or *WAI

e Poll the operation complete state periodically (by means of a timer) using the sequence: «short
timeouty; *OPC?

e A return value (LSB) of 1 indicates that the overlapped command has finished. In case of a
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timeout, the operation is ongoing.
e Reset timeout to former value
e (lear the error queue with SYStem:ERRor? to remove the ,-410, Query interrupted” entries.

Using several threads in the controller application

As an alternative, provided the programming environment of the controller application sup-
ports threads, separate threads can be used for the application GUI and for controlling the
instrument(s) via SCPI. A thread waiting for a *OPC? thus will not block the GUI or the commu-
nication with other instruments.

1.6 Status Reporting System

The status reporting system stores all information on the current operating state of the instru-
ment, and on errors which have occurred. This information is stored in the status registers and
in the error queue. Both can be queried via GPIB bus or LAN interface (STATus... commands).

1.6.1 Structure of a SCPI Status Register

Each standard SCPI register consists of 5 parts. Each part has a width of 16 bits and has diffe-
rent functions. The individual bits are independent of each other, i.e. each hardware status is
assigned a bit number which is valid for all five parts. Bit 15 (the most significant bit) is set to
zero for all parts. Thus the contents of the register parts can be processed by the controller as
positive integers.

Description of the five status register parts (please refer to page 21)
The five parts of a SCPI register have different properties and functions:

CONDition

e The CONDition part is written into directly by the hardware or the sum bit of the next lower
register. Its contents reflect the current instrument status. This register part can only be read,
but not written into or cleared. Its contents are not affected by reading.

EVENt

e The EVENt partindicates whether an event has occurred since the last reading, it is the ,memory”
of the condition part. It only indicates events passed on by the transition filters. It is permanently
updated by the instrument. This part can only be read by the user. Reading the register clears
it. This part is often equated with the entire register.

ENABIle

e The ENABIle part determines whether the associated EVENt bit contributes to the sum bit (see
below). Each bit of the EVENt part is ,ANDed"” with the associated ENABIe bit (symbol ,&’).
The results of all logical operations of this part are passed on to the sum bit via an ,OR” func-
tion (symbol ,+’). ENABIe bit = 0: the associated EVENTt bit does not contribute to the sum bit

SCPI Commands HMC8012 14
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ENABIe bit = 1: if the associated EVENt bit is ,1“, the sum bit is set to , 1" as well. This part
can be written into and read by the user as required. Its contents are not affected by reading.

Sum bit

e The sum bit is obtained from the EVENt and ENABIe part for each register. The result is then
entered into a bit of the CONDition part of the higher-order register. The instrument automatically
generates the sum bit for each register. Thus an event can lead to a service request throughout
all levels of the hierarchy.

Hierarchy of status registers
The status information has an hierarchical structure.

STB, SRE

e The STatus Byte (STB) register and its associated mask register Service Request Enable (SRE)
form the highest level of the status reporting system. The STB provides a rough overview of the
instrument status, collecting the information of the lower-level registers.

ESR, SCPI registers

e The STB receives its information from the following registers:

e The Event Status Register (ESR) with the associated Event Status Enable (ESE) register.

e The STATus:OPERation and STATus:QUEStionable registers which are defined by SCPI and
contain detailed instrument information.

Output buffer

® The output buffer contains the messages the instrument returns to the controller. It is not part
of the status reporting system, but determines the value of the MAV bit in the STB and thus is
represented in the overview.

All status registers have the same internal structure.

SRE, ESE

The service request enable register SRE can be used as ENABIe part of the STB if the
STB is structured according to SCPI. By analogy, the ESE can be used as the ENABIe
part of the ESR.

1.6.3

Contents of the Status Registers

In the following sections, the contents of the status registers are described more detailed (please
refer to page 21).

SCPI Commands HMC8012 15


https://www.manualsplus.com/

SCPI Commands HMIC8012 Remote Control
|

Basics

Status Byte (STB) and Service Request Enable Register (SRE)

The STatus Byte (STB) is already defined in IEEE 488.2. It provides a rough overview of the in-
strument status by collecting the pieces of information of the lower registers. A special feature is
that bit 6 acts as the sum bit of the remaining bits of the status byte.

The STB can thus be compared with the CONDition part of an SCPI register and assumes the
highest level within the SCPI hierarchy. The STB is using the command *STB or a serial poll.

The STatus Byte (STB) is linked to the Service Request Enable (SRE) register. Each bit of the STB
is assigned a bit in the SRE. Bit 6 of the SRE is ignored. If a bit is set in the SRE and the associa-
ted bit in the STB changes from 0 to 1, a service request (SRQ) is generated. The SRE can be set
by using the command *SRE and can be read by using the command *SRE?.

Bit No. | Meaning
0...1 Not used
Error Queue
The bit is set when an error is occured. If this bit is enabled by the SRE, each entry

2 of the error queue generates a service request. Thus an error can be recognized and
specified in greater detail by polling the error queue. The poll provides an informative
error message. This procedure is to be recommended since it considerably reduces
the problems involved with remote control.

QUEStionable status sum bit

3 The bit is set, if an EVENTt bit is set in the QUEStionable status register and the as-
sociated ENABIe bit is set to 1. A set bit indicates a questionable instrument status,
which can be specified in detail by polling the QUEStionable status register.

MAV bit (message available)

4 The bit is set, if a readable message in the output buffer is available. This bit can be

used to enable data to be automatical read from the instrument.
ESB bit
Sum bit of the event status register. It is set, if one of the bits in the event status

5 register is set and enabled in the event status enable register. Setting of this bit in-
dicates a serious error, which can be specified in greater detail by polling the event
status register.

MSS bit (master status summary bit)

6 The bit is set, if the instrument triggers a service request. This is the case, if one of
the other bits of this register is set together with its mask bit in the service request
enable register SRE.

OPERation status register sum bit
The bit is set, if an EVENTt bit is set in the OPERation status register and the associ-

7 ated ENABIe bit is set to 1. A set bit indicates that the instrument is just performing
an action. The type of action can be determined by polling the OPERation status
register.

Table 1.8: Bits of the status hyte (please refer to page 21)

Event Status Register (ESR) and Event Status Enable Register (ESE)

The ESR is defined in IEEE 488.2. It can be compared with the EVENt part of a SCPI register. The
event status register can be read out using command *ESR?. The ESE corresponds to the ENA-
Ble part of a SCPI register. If a bit is set in the ESE and the associated bit in the ESR changes
from 0 to 1, the ESB bit in the STB is set. The ESE register can be set using the command *ESE

SCPI Commands HMC8012 16
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and read using the command *ESE?.
Bit No. | Meaning
Operation Complete
0 This bit is set on receipt of the command *OPC exactly, when all previous com-
mands have been executed.
1 Not used
Query Error
This bit is set, if either the controller wants to read data from the instrument without
2 having sent a query, or if it does not fetch requested data and sends new instruc-

tions to the instrument instead. The cause is often a query which is faulty and hence
cannot be executed.

Device-dependent Error

3 This bit is set, if a device-dependent error occurs. An error message with a number
between -300 and -399 or a positive error number is entered into the error queue.
Execution Error

This bit is set if a received command is syntactically correct, but cannot be perfor-
med for other reasons. An error message with a number between -200 and -300 is
entered into the error queue.

Command Error

5 This bit is set, if a command is received, which is undefined or syntactically incor-
rect. An error message with a number between -100 and -200 is entered into the
error queue.

6 Not used

Power On (supply voltage on)

This bit is set, when switching on the instrument.

Table 1.9: Bits of the event status register (please refer to page 21)

STATus:OPERation Register

In the CONDition part, the register contains information which operations the instrument is being
executing. In the EVENTt part, it contains information which operations the instrument has exe-
cuted since the last reading. It can be read using the commands STATus:OPERation:CONDition?
or STATus:OPERation[:EVENTt]?. The remote commands for the STATus:OPERation register are
described on page 65.

Bit No. Meaning

Calibrating
(for service department only)
1t0 3 Not used

Measuring
The bit is set, while the instrument is measuring.

Waiting for Trig
This bit is set while the instrument is waiting for the trigger.
6to9 Not used
10 Instrument Locked (RWLock)
11 to 15 | Not used

0

a

5

Table 1.10: Bits of the STATus:0PERation register (please refer to page 21)
STATus:QUEStionable Register

This register contains information about indefinite states which may occur, if the unit
is operated without meeting the specifications. It can be read using the commands
STATus:QUEStionable:CONDition and STATus:QUEStionable[:EVENT].

SCPI Commands HMC8012 17
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Bit No. | Meaning

0 Voltage overrange
This bit is set, if a voltage range overload occurs.

1 Current overrange
This bit is set if a current range overload occurs.

2to3 Not used

4 Temperature overrange
This bit is set if a temperature range overload occurs.

5 Frequency overload / underflow
This bit is set if a frequency range overload / underflow occurs.

6to 8 Not used

9 Resistance overrange
This bit is set if a resistance range overload occurs.

10 Capacitance overload / underflow
This bit is set if a capacitance range overload / underflow occurs.

11 Lower limit failed
This bit is set if a lower limit value is violated.

12 Upper limit failed
This bit is set if an upper limit value is violated.

13 to 15 | Not used

Table 1.11: Bits of the STATus:QUEStionable register (please refer to page 21)

1.6.4 Application of the Status Reporting System

The purpose of the status reporting system is to monitor the status of one or several devices in

a measuring system. The controller must receive and evaluate the information of all devices. The

following standard methods are used:

e Service request (SRQ) initiated by the instrument

e Serial poll of all devices in the bus system, initiated by the controller in order to find out who
sent a SRQ and why

e Parallel poll of all devices

e Query of a specific instrument status by means of commands

e Query of the error queue

Serial Poll

In a serial poll, with command *STB the status byte of an instrument is queried. The query is
realized via interface messages and thus clearly faster. The serial poll method is defined in IEEE
488.1 and used to be the standard possibility for different instruments to poll the status byte.
The method also works for instruments, which do not adhere to SCPI or IEEE 488.2. The serial
poll is mainly used to obtain a fast overview of the state of several instruments connected to the
controller.

Query of an instrument status

Each part of any status register can be read using queries. There are two types of commands:
e The common commands *ESR?, *IDN?, *STB? query the higher-level registers.

e The commands of the STATus system query the SCPI registers (STATus:QUEStionable...)

SCPI Commands HMC8012 18
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The returned value is always a decimal number that represents the bit pattern of the queried
register. This number is evaluated by the controller program.

Decimal representation of a bit pattern (binary weights)

The STB and ESR registers contain 8 bits, the SCPI registers 16 bits. The contents of a status
register are specified and transferred as a single decimal number. To make this possible, each bit
is assigned a weighted value. The decimal number is calculated as the sum of the weighted
values of all bits in the register that are set to 1.

Vieight

1 2 4 8 16 32 64 128

Fig. 1.7: Decimal representation of a bit pattern (please refer to page 21)

Example:
The decimal value 40 = 32 + 8 indicates that bits no. 3 and 5 in the status register (e.g. the QUE-
Stionable status summary bit and the ESB bit in the STatus Byte ) are set.

Error Queue

Each error state in the instrument leads to an entry in the error queue. The entries of the error
queue are detailed plain text error messages that can be looked up in the error log or queried via
remote control using SYSTem:ERRor[:NEXT]?. Each call of SYSTem:ERRor[:NEXT]? provides one
entry from the error queue. If no error messages are stored, the instrument responds with 0, ,,No
error”.
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2 Command Reference

This chapter provides the description of all remote commands available for HMC8012. The
commands are sorted according to the menu structure of the instrument. A list of commands in
alphabetical order ist given in the , List of Commands” at the end of this documentation.

21 Common Commands
Common commands are described in the |IEEE 488.2 (IEC 625-2) standard. These commands
have the same effect and are employed in the same way on different devices.The headers of
these commands consist of ,,*" followed by three letters. Many common commands are related
to the Status Reporting System.

Available common commands:

LS e e, 22
FESE VaAlUB> e 22
BB S R e e 23
B DN ettt e e et a e e e e e 23
S0 ] SRS U 23
Lo 1 USRS P 23
O RE <l ONTBNTIS™ oottt e e e e 24
RS L= T USSR PR 24
Sl 1L 2 C TSROSO PRR 24
Sl 1S U ORU U RSP 24
B Al 24
*CLS

Clear Status
Sets the status byte (STB), the standard event register (ESR) and the EVENt part of the QUEStio-
nable and the OPERation registers to zero. The command does not alter the mask and transition

parts of the registers. It clears the output buffer.

Usage: Setting only

*ESE <Value>
Event Status Enable

Sets the event status enable register to the specified value. The query returns the contents of the
event status enable register in decimal form.

Parameters:
<Value> Range: 0 to 2565

SCPI Commands HMC8012 21
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*ESR?

Event Status Read

Returns the contents of the event status register in decimal form and subsequently sets the
register to zero.

Return values:

Range: 0 to 255
Usage: Query only
*IDN?

IDeNtification: returns the instrument identification.

Return values:
HAMEG,device type,«serial numben, firmwareversion

Example: HAMEG,HMC8012,12345,01.000

Usage: Query only

*OPC
OPeration Complete

Sets bit 0 in the event status register when all preceding commands have been executed. This
bit can be used to initiate a service request. The query *OPC? writes a ,,1” into the output buffer
as soon as all preceding commands have been executed. This is used for command synchroniza-
tion.

*RST
ReSeT

Sets the instrument to a defined default status. The default settings are indicated in the descripti-
on of commands.

Usage: Setting only
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*SRE <Contents>
Service Request Enable

Sets the service request enable register to the indicated value. This command determines under
which conditions a service request is triggered. The query *SRE? returns a decimal value of the
Status Byte enable register which corresponds to the binary-weighted sum of all bits.

Parameters:
<Contents>  Contents of the service request enable register in decimal form.

Bit 6 (MSS mask bit) is always 0.

Range: 0 to 255

*STB?
STatus Byte query

Returns the contents of the status byte in decimal form.

Usage: Query only

*TRG
TRiGger

Triggers all actions waiting for a trigger event. In particular, *TRG generates a manual trigger
signal (Manual Trigger). This common command complements the commands of the TRIGger

subsystem.

Usage: Event

*TST?
self TeST query

Triggers selftests of the instrument and returns an error code in decimal form (see Service Manu-
al supplied with the instrument). ,,0” indicates no errors occured.

Usage: Query only

*WAI
WAt to continue

Prevents servicing of the subsequent commands until all preceding commands have been exe-
cuted and all signals have settled (see also command synchronization and *OPC).

Usage: Event
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2.2 System related commands

[ = O o OO UU TR PUPPUURRN 25
RE A D ? e 25
SYSTEMIBEEPEISTATE <STATE>  .oiiiiiiiiiiiiiiiiiiiiitiettteteee ittt a b aaaesasesssasasebesessseseseees 25
SY STEMIBEEPEISTATE? oot sssnsnsssnsssnsnnnsnnes 25
SYSTEM:BEEPEI:IMMEAIATE]  weeeiiieiieiiiitiieiee et aasneesnensssnsnnnnes 26
SY STEMIERROINEXT]? oottt et e e et e e e e e s etabreae s 26
SYSTEMILOCA oottt 26
SYSTEMIREIMOTE oot 26
SYSTEMIRWWLOCK ettt 26
SY STV ER S ION? e 26
FETCh?

Query the actual measurement value on the display in auto trigger, single trigger or manual
trigger mode. In contrast to the READ? command the FETC? command does not initialize a
trigger. By sending the *TRG command before the FETC? command you get the actual triggered
measurement value.

Usage: Query only

READ?

Query the actual measurement value in auto trigger mode. In the single trigger mode the READ?
command initialize a trigger with the settings for trigger count or interval. In the trigger manual
mode the READ? command initialize a trigger. By sending the READ? command again the
trigger mode stops. Please notice that the READ? command only queries the first measurement
value of the trigger system.

Usage: Query only
SYSTem:BEEPer:STATe <State>
Switches the front panel control beeper on or off. For example, if the control beeper is disabled,

you don't get a control beep during the manual or single trigger.

Parameters:
<State> ON | OFF

*RST: ON
SYSTem:BEEPer:STATe?
Returns the state of the front panel control beeper. Returns “0” for deactivated (OFF) and “1”

for activated (ON) control beeper.

*RST: 1

SCPI Commands HMC8012 24
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SYSTem:BEEPer[:IMMediate]
The instrument returns a single beep immediately.

Usage: Setting only

SYSTem:ERRor[:NEXT]?

Queries an error and removes it from the queue. Positive error numbers are instrument-depen-
dent. Negative error numbers are

reserved by the SCPI standard. If the queue is empty, the response is 0, “No error”.

Usage: Query only

SYSTem:LOCal
Sets the system to front panel control. The front panel control is unlocked.

Usage: Setting only

SYSTem:REMote
Sets the system to remote state. The front panel control is locked and can be unlock via soft
menu key ,,Unlock keys” (front panel) or SCPI command SYSTem:LOCal.

Usage: Setting only

SYSTem:RWLock

Sets the system to remote state. The front panel control is locked and can not be unlocked via
soft menu key ,,Unlock keys” (front panel). You are only able to unlock the front panel control via
SCPI command SYSTem:LOCal.

Usage: Setting only

SYSTem:VERSion?
Returns the version of the SCPI (= Standard Commands for Programmable Instruments) stan-
dard.

Usage: Query only
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2.3 Display commands
DISPlay: TEXT:CLEar
DISPlay: TEXT[:DATA] ,, <String>"
DISPlay:TEXT:CLEar
Clears the text message box on the front display.
Usage: Setting only
DISPlay:TEXT[:DATA] ,,<String>"

Displays a text message box on the front display.

Example:
DISP:TEXT ,WAITING FOR TRIGGER"

Local LDQ e Auto

Ra nge: 400mmY 2nd Range

12.382 mV~ [T

p
~ Rernaote Control
WAITING FOR TRIGGER 12" Range
] Crowen

TEATLDATA]
= 2nd
Function

r
P& GE 1]2

Fig. 2.1: Display text example
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2.4 Trigger commands

TRIGger:COUNt {<Count>| MIN | MAX | DEFaUIt} .ioiiiiiioiiceiceccee e 28
TRIGger:COUNL? [MINImMUM | MAXIMUM] oot 28
TRIGger:INTerval {<Seconds>| MINimum | MAXimum | DEFault} .....ccccoeeviiiiiiieeeceeee 28
TRIGger:INTerval? [{MINimum | MAXIMUM] oo 29
TRIGger:LEVel {<Level>| MINimum | MAXimum | DEFaUIt} ..o 29
TRIGger:LEVel? {MINImum | MAXIMUMI]  cooeeieecee e 29
TRIGger:LEVel:MODe {CONTinue | ABOVE | BELOW} .icveioviiiiiiieciecieceee e 29
TRIGGENLEVEEMODE? oottt et e et e e e ettt e e et e e e anbaeeeerabeeeen 29
TRIGGErMODE {<IMOAE>} oo 30
TRIGGEINMODE? ittt ettt ekttt ettt ettt e ekt e et e et e ekt eentee et e e naeeeneas 30

TRIGger:COUNt {<Count>| MIN | MAX | DEFault}
Selects the number of triggers for the single trigger mode before returning to the ,idle” trigger

state.

Parameters:

<Count> 1 to 50,000
MIN: 1
MAX: 50,000
DEF: 1
*RST: 1

TRIGger:COUNt? [MINimum | MAXimum)]
Returns the trigger count of the single trigger mode.

Return values: MIN: 1.0E+00
MAX:  5.00000E+04

TRIGger:INTerval {<Seconds>| MINimum | MAXimum | DEFault}
Selects the trigger time interval for the single trigger mode before returning to the ,idle” trigger

state.

Parameters:

<Seconds> 0to 3,600s
MIN: 0
MAX: 3600
DEF: 0

*RST: 0.0E+00s
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TRIGger:INTerval? [{MINimum | MAXimum}]
Returns the trigger time interval for the single trigger mode before returning to the ,idle” trigger
state.

Return values: MIN: 0.0E+00
MAX:  3.6000E+03

TRIGger:LEVel {<Level>| MINimum | MAXimum | DEFault}
Selects the trigger level (threshold) for the auto trigger mode.

Parameters:

<Level> -1000V to 1000V
MIN: -1.00000E+03
MAX:  1.00000E+03
DEF: 0.0E+00

*RST: 0.0E+00V
TRIGger:LEVel? [{(MINimum | MAXimum}]
Selects the trigger level (threshold) for the auto trigger mode.
Return values: MIN: -1.00000E+03

MAX:  1.00000E+03

TRIGger:LEVel:MODe {CONTinue | ABOVe | BELow}
Selects the trigger level mode in the auto trigger mode.

Parameters: CONTinue: Continuous mode
ABOVe: Upper threshold trigger level
BELow: Lower threshold trigger level
*RST: CONT

TRIGger:LEVel:MODe?
Returns the trigger level mode in the auto trigger mode.

Return values: CONT: Continuous mode
ABOV: Upper threshold trigger level
BEL: Lower threshold trigger level
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TRIGger:MODE {<Mode>}
Selects the trigger mode.

Parameters:

<Mode> AUTO | MANual | SINGle
AUTO: Automatic trigger mode
MANual: Manual trigger mode
SINGle: Single trigger mode
*RST: AUTO

TRIGger:MODE?
Returns the trigger mode.

Return values: AUTO: Automatic trigger mode

MAN: Manual trigger mode
SING: Single trigger mode

2.5 Configuration and Measurement Commands

2.51 Measurement Commands

MEASure:CAPacitance? [{<Range>| AUTO | MIN | MAX | DEF}] oot 30
MEASUIEICONTINUITY? oot e et e e e e e et e e e e e e aaaeeeee s 31
MEASure:CURRent:AC? [{<Range>| AUTO | MIN | MAX | DEF}  iooiiiiiiiieee e, 31
MEASure:CURRent:DC? [{<Range>| AUTO | MIN | MAX | DEF} oo 32
MEASUIE:DIODE? ettt e et e e et e e e et e e e kbt e e et e e e entaea e e aaeeas 32
MEASure:FREQuency[:VOLTAGE]? [{<Range>| AUTO | MIN | MAX | DEF}] .ooiiiiiiiiiecieee 32
MEASure:FREQuency:CURRent [{<Range>| AUTO | MIN | MAX | DEF}]  iooiiiiiieiieeeeee 33
MEASure:FRESistance? [{<Range>| AUTO | MIN | MAX | DEF}] oot 33
MEASure:RESistance? [{<Range>| AUTO | MIN | MAX | DEF}  ooiiiiiiieieeeeeeceeeee e, 34
MEASure: TEMPerature? [{<Probe_Type>| DEF} {<Type>| DEF} ..oocoiiiiiiiiieiieeeeeeee, 34
MEASure[:VOLTage]:AC? [{<Range>| AUTO | MIN | MAX | DEF} ioviiiiiiiiiiciecee e 35
MEASure[:VOLTage][:DC]? [{<Range>| AUTO | MIN | MAX | DEF} iooiiiiiiiiiiiieeeceee 35

MEASure:CAPacitance? [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for capacitance measurements. The displayed values (including stati-
stic values) will be reset and the instrument immediately triggers a measurement. Use the
<Range> parameter to specify the expected value of the input signal.

Return values:

<Range> 5nF, 50nF, 500nF, 5uF, 50uF, 500 uF
Make a capacitance measurement with the specified range.
The command returns a single reading.
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AUTO: Auto range selection
MIN: 5nF range selection
MAX:  500pF range selection
DEF: 5nF range selection

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

Usage: Query only

MEASure:CONTinuity?
Configures the instrument for continuity measurements. The displayed value will be reset and
the instrument immediately triggers a measurement.

Return values: The command returns a single reading. The range is fixed (4000Q).

Usage: Query only

MEASure:CURRent:AC? [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for AC | measurements. The displayed values (including statistic valu-
es) will be reset and the instrument immediately triggers a measurement. Use the

<Range> parameter to specify the expected value of the input signal.

Return values:

<Range> 20mA, 200mA, 2A, 10A
Make a AC | measurement with the specified range.
The command returns a single reading.

AUTO: Auto range selection
MIN: 20 mA range selection
MAX:  10A range selection
DEF: 20 mA range selection

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

Usage: Query only

SCPI Commands HMC8012 30
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MEASure:CURRent:DC? [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for DC | measurements. The displayed values (including statistic valu-
es) will be reset and the instrument immediately triggers a measurement. Use the

<Range> parameter to specify the expected value of the input signal.

Return values:

<Range> 20mA, 200mA, 2A, 10A
Make a DC | measurement with the specified range.
The command returns a single reading.

AUTO: Auto range selection
MIN:  20mA range selection
MAX:  10A range selection
DEF: 20 mA range selection

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

Usage: Query only

MEASure:DIODe?
Configures the instrument for diode tests. The displayed value will be reset and the instrument
immediately triggers a measurement.

Return values: The command returns a single reading. The range is fixed (5V).

Usage: Query only

MEASure:FREQuency[:VOLTAGE]? [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for frequency measurements with main function AC V. The displayed
values (including statistic values) will be reset and the instrument immediately triggers a measu-
rement. Display of frequency is only available as 2nd function for the main functions AC V and
AC |. Use the <Range> parameter to specify the expected value of the input signal.

Return values:

<Range> AC voltage: 400mV, 4V, 40V, 400V, 750V (5Hz to 700kHz)
Make a frequency measurement with the specified range.
The command returns a single reading.

AUTO: Auto range selection
MIN: 400 mV range selection
MAX: 750V range selection
DEFault: 400mV range selection
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If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

Usage: Query only

MEASure:FREQuency:CURRent [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for frequency measurements with main function AC I. The displayed
values (including statistic values) will be reset and the instrument immediately triggers a measu-
rement. Display of frequency is only available as 2nd function for the main functions AC V and
AC I. Use the <Range> parameter to specify the expected value of the input signal.

Return values:
<Range> AC current: 20mA, 200mA (bHz to 10kHz)
2A, 10A (5Hz to bkHz)
Make a frequency measurement with the specified range.
The command returns a single reading.

AUTO: Auto range selection
MIN: 20 mA range selection
MAX: 10A range selection
DEFault: 20mA range selection

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

Usage: Query only

MEASure:FRESistance? [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for 4-wire resistance measurements. The displayed values (including
statistic values) will be reset and the instrument immediately triggers a measurement. Use the
<Range> parameter to specify the expected value of the input signal.

Return values:

<Range> 400Q, 4kQ, 40kQ, 400kQ, 4MQ
Make a 4-wire resistance measurement with the specified range.
The command returns a single reading.

AUTO: Auto range

MIN:  400Q
MAX:  4MQ
DEF:  400Q
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If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

Usage: Query only

MEASure:RESistance? [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for 2-wire resistance measurements. The displayed values (including
statistic values) will be reset and the instrument immediately triggers a measurement. Use the
<Range> parameter to specify the expected value of the input signal.

Return values:

<Range> 400Q, 4kQ, 40kQ, 400kQ, 4MQ, 40 MQ, 250 MQ
Make a 2-wire resistance measurement with the specified range.
The command returns a single reading.

AUTO: Auto range selection
MIN: 400Q range selection
MAX: 250 MQ range selection
DEFault: 400Q range selection

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

Usage: Query only

MEASure:TEMPerature? [{<Probe_Type>| DEF}[,{<Type>| DEF}]
Configures the instrument for temperature measurements. The displayed values (including stati-
stic values) will be reset and the instrument immediately triggers a measurement.

Return values:

<Probe_Type> FRTD: Make a 4-wire temperature measurement.
RTD: Make a 2-wire temperature measurement.
DEF: RTD (2W)

<Type> PT100 | PT500 | PT1000
DEF: PT100

Example: MEAS:TEMP? FRTD,PT500

Usage: Query only
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MEASure[:VOLTage]:AC? [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for AC V measurements. The displayed values (including statistic
values) will be reset and the instrument immediately triggers a measurement. Use the <Range>
parameter to specify the expected value of the input signal.

Return values:
<Range> 400mV, 4V, 40V, 400V, 750V

AUTO: Auto range selection
MIN: 400 mV range selection
MAX: 750V range selection
DEF: 400mV range selection

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

Usage: Query only

MEASure[:VOLTage][:DC]? [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for DC V measurements. The displayed values (including statistic
values) will be reset and the instrument immediately triggers a measurement. Use the <Range>
parameter to specify the expected value of the input signal.

Return values:

<Range> 400mV, 4V, 40V, 400V, 750V
Make a DC V measurement with the specified range.
The command returns a single reading.

AUTO: Auto range selection
MIN: 400mV range selection
MAX: 750V range selection
DEF: 400mV range selection

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

Usage: Query only
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2.5.2 Configuration commands

Capacitance configuration commands

CONFigure:CAPacitance [{<Range>| AUTO | MIN | MAX | DEF}] oiioiiiiiiiiieciecceeee e 36
[SENSe:]CAPacitance:NULL[:STATE] {ON | OFF} oottt 36
[SENSe:]CAPACIHaNCeINULL L STATE]? oo 37
[SENSe:]CAPacitance:NULL:VALue {<Value>| MIN | MAX} ..o, 37
[SENSe:]CAPacitance:NULL:VALUE? [{MIN | MAX}I . oo, 37
[SENSe:]CAPacitance:RANGE:AUTO <MOAE> oo 37
[SENSe:]CAPacitance:RANGE:AUTO? e 37
[SENSe:]CAPacitance:RANGe[:UPPer] {<Range>| MIN | MAX | DEF} ...cooviiiiiiiiiiieiceee, 38
[SENSe:]CAPacitance:RANGe[:UPPer]? {MIN | MAX | DEF} oooiiiiiiieeeeeeceeeee e, 38

CONFigure:CAPacitance [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for capacitance measurements, but does not initiate a measurement.
Use the READ? command to query the capacitance measurement value with specified range or
the CONF? command to query the capacitance function configuration. Use the <Range> para-
meter to set the measurement range.

Parameters:

<Range> 5nF, 50nF, 500 nF, 5pF, 50 uF, 500 uF
Configures the instrument for capacitance measurements with the
specified range.

AUTO: Auto range selection
MIN: 5nF range selection
MAX:  500pF range selection
DEF: 5nF range selection

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

[SENSe:]CAPacitance:NULL[:STATe] {ON | OFF}
Turns the null function for capacitance measurements on or off. In this case, the instrument does

not switch into capacitance mode. For activating the capacitance measurement function use the
FUNC command.

Parameters: ON | OFF
ON: Activates the null function of the capacitance measurement
function.
OFF: Disables the null function of the capacitance measurement
function.
*RST: OFF
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[SENSe:ICAPacitance:NULL[:STATe]?
Returns the NULL function state of the capacitance measurement function.

Return values: 1: ON - Null function of the capacitance measurement function is acti-
vated.
0: OFF - Null function of the capacitance measurement function is
disabled.

[SENSe:]CAPacitance:NULL:VALue {<Value>| MIN | MAX}
Sets the null value of the capacitance measurement function. The null value is subtracted from
each sample if the null state is turned on.

Parameters:
<Value> 0 to 500 uF (adjustable in 1F steps)

MIN: 0.0E+00
MAX:  5.000000E-04

*RST: 0.0E+00

[SENSe:]CAPacitance:NULL:VALue? [{MIN | MAX}]
Returns the null value of the capacitance measurement function.

Return values: MIN: 0.0E+00
MAX:  5.000000E-04

[SENSe:]CAPacitance:RANGe:AUTO <Mode>
Activates or disables the auto range mode of the capacitance measurement function.

Parameters:
<Mode> ON | 1: Activates the auto range mode of the capacitance measure-
ment function
OFF | 0: Disables the auto range mode of the capacitance measure-
ment function

*RST: ON
[SENSe:]CAPacitance:RANGe:AUTO?
Returns the auto mode state of the capacitance measurement function.

Return values: 1 Auto range of the capacitance measurement function is activated.
0: Auto range of the capacitance measurement function is disabled.
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[SENSe:]CAPacitance:RANGe[:UPPer] {<Range>| MIN | MAX | DEF}
Sets the capacitance measurement function range.

Parameters:
<Range> 5nF, 50nF, 500nF, 5uF, 50uF, 500 uF

MIN: 5nF range selection
MAX:  500uF range selection
DEF: 5nF range selection

[SENSe:]CAPacitance:RANGe[:UPPer]? [{MIN | MAX | DEF}]
Returns the selected capacitance measurement function range.

Return values: MIN:  5.00000000E-09
MAX:  5.00000000E-04
DEF:  5.00000000E-09

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

Continuity configuration commands

CONFIGUIEICONTINUITY  wurtiiiieiiiiiite ettt e et e e e e e ettt e e e e e e et ba e e e e e e e s etaareeaeaas 38
[SENSe:]JCONTinuity:THReshold {<Threshold>| MIN | MAX | DEF}  ..ooooiiiiiiieieecee e, 38
[SENSe:]CONTinuity:THReshold? [{MIN | MAX | DEF} ioiiiiiceieeeeeeeeeee e 39
[SENSe:JCONTinuity:BEEPer[:STATE] {ON | OFF} 1oiiiiiiiiiiii it 39
[SENSe:]CONTINUity:BEEPEr[:STATE]?  ooeeieieeieee 39

CONFigure:CONTinuity

Configures the instrument for continuity measurements, but does not initiate a measurement.
Use the READ? command to query the continuity measurement value or the CONF? command
to query the general function configuration.

[SENSe:]CONTinuity:THReshold {<Threshold>| MIN | MAX | DEF}

Sets the threshold of the continuity measurement function. In this case, the instrument does not
switch into continuity mode. For activating the continuity measurement function use the FUNC
command.

Parameters:
<Threshold> 0Q to 1MQ (adjustable in 1Q steps)

MIN:  0.00000000E+00
MAX:  1.00000000E+06
DEF:  2.00000000E+02

*RST: 2.00000000E+02
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[SENSe:]CONTinuity:THReshold? [{MIN | MAX | DEF}]
Returns the threshold of the continuity measurement function.

Return values: MIN: 0.00000000E+00
MAX:  1.00000000E+06
DEF: 2.00000000E+02

[SENSe:]ICONTinuity:BEEPer[:STATe] {ON | OFF}
Activates or disables the beeper of the continuity measurement function.

Parameters: ON: Activates the beeper function of the continuity measurement
function
OFF: Disables the beeper function of the continuity measurement
function
*RST: OFF

[SENSe:]ICONTinuity:BEEPer[:STATe]?
Returns the beeper state of the continuity measurement function.

Return values: 1 Beeper of the continuity measurement function is activated.
0: Beeper of the continuity measurement function is disabled.

AC | configuration commands

CONFigure:CURRent:AC [{<Range>| AUTO | MIN | MAX | DEF} ocoviiiiiiiiceeceecee e, 39
[SENSe:]CURRent:AC:BANDwidth {<Threshold>| MIN | MAX | DEF} .....cooiiiiiiiiieiecee, 40
[SENSe:JCURRent: AC:BANDWIdth? [{MIN | MAXH .oiiiiiiiieiiiee et 40
[SENSe:JCURRent: AC:NULL[:STATE] {ON | OFF} oo 40
[SENSe:JCURRENt:AC:NULLESTATE]? oo 40
[SENSe:JCURRent:AC:NULL:VALue {<Value>| MIN | MAX} oo, 41
[SENSe:JCURRent: AC:NULL:VALUE? [{MIN | MAXH i 41
[SENSe:]CURRent: AC:RANGE:AUTO <MOTE> oo 41
[SENSe:]CURReNt:AC: RANGE: AUTO? e 41
[SENSe:JCURRent:AC:RANGe[:UPPer] {<Range>| MIN | MAX | DEF} .o, 41
[SENSe:JCURRent:AC:RANGE[:UPPer]? [{MIN | MAX}I oo, 42

CONFigure:CURRent:AC [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for AC | measurements, but does not initiate a measurement. Use
the READ? command to query the AC | measurement value with specified range or the CONF?
command to query the AC | function configuration. Use the <Range> parameter to set the mea-
surement range.

Parameters:

<Range> 20mA, 200mA, 2A, 10A
Configures the instrument for AC | measurements with the
specified range.

|
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AUTO: Auto range selection
MIN: 20 mA range selection
MAX:  10A range selection
DEF: 20 mA range selection

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

[SENSe:]CURRent:AC:BANDwidth {<Threshold>| MIN | MAX | DEF}
Sets the AC filter of the AC | measurement function.

Parameters:

<Threshold> 10: 10 Hz filter (Slow)
50: b0 Hz filter (Medium)
400: 400 Hz filter (Fast)

MIN: Slow
MAX:  Fast
DEF: Slow

*RST: 5.00000000E+01

[SENSe:ICURRent:AC:BANDwidth? [{MIN | MAX}]
Returns the AC filter state of the AC | measurement function.

Return values: MIN: 1.00000000E+01 (Slow)
MAX:  4.00000000E+02 (Fast)

[SENSe:]CURRent:AC:NULL[:STATe] {ON | OFF}
Turns the null function for AC | measurements on or off. In this case, the instrument does not
switch into AC | mode. For activating the AC | measurement function use the FUNC command.

Parameters: ON: Null function of AC | measurements is activated.
OFF: Null function of AC | measurements is disabled.

*RST: OFF
[SENSe:]CURRent:AC:NULL[:STATe]?
Returns the null function state of the AC | measurement function.
Return values: 1 ON - Null function activated.

0: OFF - Null function disabled.
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[SENSe:]CURRent:AC:NULL:VALue {<Value>| MIN | MAX}
Sets the null value of the AC | measurement function. The null value is subtracted from each
sample if the null state is turned on.

Parameters:
<Value> -10V to 10A (adjustable in 10 pA steps)

MIN:  -1.000000E+01
MAX:  1.000000E+01

*RST: 0.0E+00

[SENSe:ICURRent:AC:NULL:VALue? [{MIN | MAX}]
Returns the null value of the AC | measurement function.

Return values: MIN: -1.000000E+01
MAX:  1.000000E+01

[SENSe:]CURRent:AC:RANGe:AUTO <Mode>
Activates or disables the auto range mode of the AC | measurement function.

Parameters:
<Mode> ON|OFF|1]0

ON | 1: Activates the auto range mode of the AC | measurement
function

OFF | 0: Disables the auto range mode of the AC | measurement
function

*RST: ON

[SENSe:]ICURRent:AC:RANGe:AUTO?
Returns the auto mode state of the AC | measurement function.

Return values: 1 Auto range of the AC | measurement function is activated.
0: Auto range of the AC | measurement function is disabled.

[SENSe:]CURRent:AC:RANGe[:UPPer] {<Range>| MIN | MAX | DEF}
Sets the AC | measurement function range. Use the <Range> parameter to set the measure-
ment range.

Parameters:
<Range> 20mA, 200mA, 2A, 10A

MIN: 20mA range selection
MAX:  10A range selection
DEF: 20mA range selection
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[SENSe:ICURRent:AC:RANGe[:UPPer]? [{MIN | MAX}]
Returns the AC | measurement function range.

Return values: MIN: 2.00000000E-02
MAX:  1.00000000E+01

AC V configuration commands

CONFigure[:VOLTage]:AC [{<Range>| AUTO | MIN | MAX | DEF}] iiiviiiiiiiiiceiececceee e, 42
[SENSe:]VOLTage:AC:BANDwidth {<Filter>| MIN | MAX | DEF} ooioiiiiiicceee e 43
[SENSe:]VOLTage:AC:BANDwWIdth? [{MIN | MAX}H .iiiieeie e 43
[SENSe:]VOLTage:AC:NULL[:STATE] {ON | OFF} oo 43
[SENSe:VOLTage: AC:INULLESTATEI? ettt e 43
[SENSe:]VOLTage:AC:NULL:VALue {<Value>| MIN | MAX} oo, 43
[SENSe:]VOLTage:AC:NULL:VALUE? [{MIN | MAXH oottt 44
[SENSe:]VOLTage:AC:RANGE:AUTO <MOAE> i 44
[SENSe:]VOLTage:AC:RANGEAUTO? e 44
[SENSe:]VOLTage:AC:RANGe[:UPPer] {<Range>| MIN | MAX | DEF} ...ooioiiiiiiiiieieeeeee 44
[SENSe:]VOLTage:AC:RANGEe[:UPPer]? [{MIN | MAX}I i 44

CONFigure[:VOLTage]:AC [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for AC V measurements, but does not initiate a measurement. Use
the READ? command to query the AC V measurement value with specified range or the CONF?
command to query the AC V function configuration. Use the <Range> parameter to set the
measurement range.

Parameters:

<Range> 400mV, 4V, 40V, 400V, 750V
Configures the instrument for AC V measurements with the
specified range.

AUTO: Auto range selection
MIN:  400mV range selection
MAX: 750V range selection
DEF: 400mV range selection

NOTICE

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.
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[SENSe:]VOLTage:AC:BANDwidth {<Filter>| MIN | MAX | DEF}
Sets the AC filter of the AC V measurement function. In this case, the instrument does not
switch into AC V mode. For activating the AC V measurement function use the FUNC command.

Parameters:

<Filter> 10: 10 Hz filter (Slow)
50: 50 Hz filter (Medium)
400: 400 Hz filter (Fast)

MIN: Slow
MAX:  Fast
DEF: Slow

*RST:  5.00000000E+01

[SENSe:]VOLTage:AC:BANDwidth? [{MIN | MAX}]
Returns the AC filter of the AC V measurement function.

Return values: MIN: 1.00000000E+01
MAX:  4.00000000E+02

[SENSe:]VOLTage:AC:NULL[:STATe] {ON | OFF}
Turns the null function for AC V measurement function on or off.

Parameters: ON: Null function of AC V measurement function is activated.
OFF: Null function of AC V measurement function is disabled.

*RST:  OFF

[SENSe:]VOLTage:AC:NULL[:STATe]?
Returns the null function state of the AC V measurement function.

Return values: 1 ON - Null function of the AC V measurement function is
activated.

0: OFF - Null function of the AC V measurement function is
disabled.

[SENSe:]VOLTage:AC:NULL:VALue {<Value>| MIN | MAX}
Sets the null value of the AC V measurement function.

Parameters:
<Value> 0V to 750V (adjustable in 1nV steps)

MIN: 0.0E+00
MAX:  7.500000E+02

*RST: 0.0E+00
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[SENSe:]VOLTage:AC:NULL:VALue? [{MIN | MAX}]
Returns the null value of the AC V measurement function.

Return values: MIN: 0.0E+00
MAX:  7.500000E+02

[SENSe:]VOLTage:AC:RANGe:AUTO <Mode>
Activates or disables the auto range mode of the AC V measurement function.

Parameters:
<Mode> ON|OFF|1]0

ON | 1: Activates the auto range mode of the AC V measurement
function.

OFF | 0: Disables the auto range mode of the AC V measurement
function.

[SENSe:]VOLTage:AC:RANGe:AUTO?
Returns the auto mode state of the AC V measurement function.

Return values: 1 Auto range of the AC V measurement function is activated.
0: Auto range of the AC V measurement function is disabled.

[SENSe:]VOLTage:AC:RANGe[:UPPer] {<Range>| MIN | MAX | DEF}
Sets the AC V measurement function range. Use the <Range> parameter to set the measure-
ment range.

Parameters:
<Range> 400mV, 4V, 40V, 400V, 750V

MIN: 400 mV range selection
MAX: 750V range selection
DEF: 400mV range selection

[SENSe:]VOLTage:AC:RANGe[:UPPer]? [{MIN | MAX}]
Returns the state of the AC V measurement function range.

Return values: MIN: 4.00000000E-01
MAX:  7.50000000E+02

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.
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DC | configuration commands

CONFigure:CURRent[:DC] [{<Range>| AUTO | MIN | MAX | DEF} ..ooccoiiiviiiiiiiieecceee e, 45
[SENSe:]CURRent[:DCI:NULL[:STATE] {ON | OFF} oo 45
[SENSe: ]CURRENT:DCINULLSTATEI? e 46
[SENSe:]CURRent[:DC]:NULL:VALue {<Value>| MIN | MAX} ..o 46
[SENSe:JCURRent[:DCI:NULL:VALUE? [{MIN | MAX}I] oirieiieeeee e 46
[SENSe:]CURRent[:DCI:RANGE:AUTO <MOAE>  oiiiiiiiiicceeee e 46
[SENSe:JCURRent[:DCI:RANGEAUTO? oo 46
[SENSe:]CURRent[:DC]:RANGe[:UPPer] {<Range>| MIN | MAX | DEF} ....ooiooviiiiiiiiiiceee 47
[SENSe:]CURRent[:DC]:RANGe[:UPPer]? [{MIN | MAX}H it 47

CONFigure:CURRent[:DC] [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for DC | measurements, but does not initiate a measurement. Use
the READ? command to query the DC | measurement value with specified range or the CONF?
command to query the DC | function configuration. Use the <Range> parameter to set the
measurement range.

Parameters:

<Range> 20mA, 200mA, 2A, 10A
Configures the instrument for DC | measurements with the
specified range.

AUTO: Auto range selection
MIN: 20 mA range selection
MAX:  10A range selection
DEF: 20mA range selection

NOTICE

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

[SENSe:]CURRent[:DC]:NULL[:STATe] {ON | OFF}
Turns the null function for DC | measurements on or off. In this case, the instrument does not
switch into DC | mode. For activating the DC | measurement function use the FUNC command.

Parameters: ON | OFF

*RST: OFF
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[SENSe:]ICURRent[:DC]:NULL[:STATe]?
Returns the null function state of the DC | measurement function.

Return values: 1: ON - Null function activated.
0: OFF - Null function disabled.

[SENSe:ICURRent[:DC]:NULL:VALue {<Value>| MIN | MAX}
Sets the null value of the DC | measurement function. The null value is subtracted from each
sample if the null state is turned on.

Parameters:
<Value> -10A to 10A (adjustable in 10 pA steps)

MIN:  -1.000000E+01
MAX:  1.000000E+01

*RST: 0.0E+00

[SENSe:ICURRent[:DC]:NULL:VALue? [{MIN | MAX}]
Returns the null value of the DC | measurement function.

Return values: MIN: -1.000000E+01
MAX:  1.000000E+01

[SENSe:ICURRent[:DC]:RANGe:AUTO <Mode>
Activates or disables the auto range mode of the DC | measurement function.

Parameters:
<Mode> ON|OFF|1]0

ON | 1: Activates the auto range mode of the DC | measurement
function.

OFF | 0: Disables the auto range mode of the DC | measurement
function.

*RST: ON
[SENSe:ICURRent[:DC]:RANGe:AUTO?
Returns the auto mode state of the DC | measurement function.

Return values: 1 Auto range of the AC | measurement function is activated.
0: Auto range of the AC | measurement function is disabled.
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[SENSe:]CURRent[:DC]:RANGe[:UPPer] {<Range>| MIN | MAX | DEF}
Sets the DC | measurement function range.

Parameters:
<Range> 20mA, 200mA, 2A, 10A

MIN: 20mA range selection
MAX:  10A range selection
DEF: 20mA range selection

[SENSe:]CURRent[:DC]:RANGe[:UPPer]? [{MIN | MAX}]
Returns the state of the DC | measurement function range.

Return values: MIN: 2.00000000E-02
MAX:  1.00000000E+01

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

DC V configuration commands

CONFigure[:VOLTage][:DC] [{<Range>| AUTO | MIN | MAX | DEF}]  .oiiiiiiiieece e 47
[SENSe:]VOLTage[:DCI:NULL[:STATE] {ON|OFF} e, 48
[SENSe:]VOLTage[:DCINULLLSTATE]? ottt 48
[SENSe:]VOLTage[:DC]:NULL:VALue {<Value>|MIN|MAX} .o, 48
[SENSe:]VOLTage[:DCI:NULL:VALUE? [{MIN|IMAX}I] ioiriiiiiiiiee et 48
[SENSe:]VOLTage[:DCI:RANGe:AUTO <MOde> ..o 49
[SENSe:]VOLTage[:DCIIRANGEIAUTO? oo 49
[SENSe:]VOLTage[:DC]:RANGe[:UPPer] {<Range>|MIN|MAX|DEF} ....cccccovveiveeiiieeeceeeeee, 49
[SENSe:]VOLTage[:DC]:RANGe[:UPPer]? [{MIN|MAX}I . oo, 49
[SENSe:]VOLTage[:DCL:ZERO:AUTO <MOdE>  ..oiiiiiiiiiicciici e 49
[SENSe:][VOLTage[:DCLZERO:AUTO? e 50

CONFigure[:VOLTage][:DC] [{<Range>| AUTO | MIN | MAX | DEF}]

Configures the instrument for DC V measurements, but does not initiate a measurement. Use
the READ? command to query the DC V measurement value with specified range or the CONF?
command to query the DC V function configuration. Use the <Range> parameter to set the
measurement range.

Parameters:

<Range> 400mV, 4V, 40V, 400V, 1000V
Configures the instrument for DC V measurements with the
specified range.
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AUTO: Auto range selection

MIN: 400mV range selection
MAX: 1000V range selection
DEFault: 400 mV range selection

If the input signal is greater than can be measured on the selected range (manual ran-
ging), the instrument returns 9.90000000E+37.

[SENSe:]VOLTage[:DC]:NULL[:STATe] {ON|OFF}
Turns the null function for DC V measurement function on or off.

Parameters:
ON:  Null function of DC V measurement function is activated
OFF: Null function of DC V measurement function is disabled

*RST: OFF

[SENSe:]VOLTage[:DC]:NULL[:STATe]?

Returns the null function state of the DC V measurement function.
Return values:

1: ON - Null function of the DC V measurement function is activated
0: OFF - Null function of the DC V measurement function is disabled

[SENSe:]VOLTage[:DC]:NULL:VALue {<Value>|MIN|MAX}
Sets the null value of the DC V measurement function.

Parameters:

<Value> -1000V to 1000V (adjustable in 1nV steps)
MIN: -1000V
MAX: 1000V
*RST: 0V

[SENSe:]VOLTage[:DC]:NULL:VALue? [{MIN|MAX}]
Returns the null value of the DC V measurement function.

Return values:
MIN: -1.000000E+03
MAX: 1.000000E+03
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[SENSe:]VOLTage[:DC]:RANGe:AUTO <Mode>
Activates or disables the auto range mode of the DC V measurement function.

Parameters:
<Mode> ON|OFF|1]0

ON/1: Activates the auto range mode of the DC V measurement function
OFF / 0: Disables the auto range mode of the DC V measurement function

[SENSe:]VOLTage[:DC]:RANGe:AUTO?
Returns the auto mode state of the DC V measurement function.

Return values:
1 Auto range of the DC V measurement function is activated
0: Auto range of the DC V measurement function is disabled

[SENSe:]VOLTage[:DC]:RANGe[:UPPer] {<Range>|MIN|MAX|DEF}
Sets the DC V measurement function range.

Parameters:

<Range> 400mV, 4V, 40V, 400V, 1000V
MIN: 400mV
MAX: 1000V
DEFault: 1000 mV
*RST: AUTO

[SENSe:]VOLTage[:DC]:RANGe[:UPPer]? [{MIN|MAX}]
Returns the state of the DC V measurement function range.

Return values:
MIN:  4.00000000E-01
MAX: 1.00000000E+03

[SENSe:]VOLTage[:DC]:ZERO:AUTO <Mode>
Activates or disables the auto zero mode of the DC V measurement function.

Parameters:
<Mode> ON|OFF|1]0

ON / 1: Activates the auto zero mode of the DC V measurement function
OFF / 0: Disables the auto zero mode of the DC V measurement function
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[SENSe:]VOLTage[:DC]:ZERO:AUTO?
Returns the auto mode state of the DC V measurement function.
Return values:

1: Auto zero mode of the DC V measurement function is activated
0: Auto zero mode of the DC V measurement function is disabled

Diode configuration commands

CONFIGUIEIDIODE ..ttt 50
[SENSe:]DIODe:THReshold {<Threshold>|MIN|MAX|DEF} ...coiiiiiiiiiiieecc e 50
[SENSe:]DIODe:THReshold? [{MIN|MAXIDEF} .oooiiiiieeiee et 50
[SENSe:]DIODe:BEEPer[:STATE] {ON|OFF} oo 51
[SENSe:IDIODE:BEEPEIT:STATEI? oo 51

CONFigure:DIODe

Configures the instrument for diode measurements, but does not initiate a measurement. Use
the READ? command to query the diode measurement value or the CONF? command to query
the general function configuration.

[SENSe:1DIODe:THReshold {<Threshold>|MIN|MAX|DEF}

Sets the threshold of the diode measurement function. In this case, the instrument does not
switch into continuity mode. For activating the continuity measurement function use the FUNC
command.

Parameters:
<Threshold> 0V to 5V (adjustable in 1uV steps)

MIN: ov
MAX: bV
DEFault: 700mV

*RST:  700mV

[SENSe:1DIODe:THReshold? [{MIN|MAX|DEF}]
Returns the threshold of the diode measurement function.

Return values:

MIN: 0.00000000E+00
MAX: 4.94999981E+00
DEF: 6.99999988E-01
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[SENSe:]DIODe:BEEPer[:STATe] {ON|OFF}
Turns the beeper function for diode measurements on or off.

Parameters:
ON:  Beeper of the diode measurement function is activated

OFF: Beeper of the diode measurement function is disabled

*RST: OFF

[SENSe:]DIODe:BEEPer[:STATe]?
Returns the beeper function state of the diode measurement function.

Return values:

1: ON - beeper of the diode measurement function is activated
0: OFF - beeper of the diode measurement function is disabled

Frequency configuration commands

CONFigure:FREQUENCY[:VOLTAGE] o oo 51
CONFigure:FREQUENCY:CURRENT  1oiiiiiiiiie e 51
[SENSe:]FREQuency:APERture {<Seconds>|MIN|MAX|DEF} .....cccooiiiiiiiiiiiiiecee e 52
[SENSe:]FREQuency:APERtUre? [{MIN|MAX} oo 52
[SENSe:]JFREQuency:CURRent:RANGe:AUTO <Mode>  ..oociiiiiiiiiiiiiiieeeeeeeeeeee e 52
[SENSe:]JFREQuency:CURRent:RANGE:AUTO? ..o b2
[SENSe:]JFREQuency:CURRent:RANGe[:UPPer] {<Current_Range>|MIN|MAX|DEF} .............. 53
[SENSe:]JFREQuency:CURRent:RANGe[:UPPer]? [{MIN|MAX} ..oooiieieeeee e 53
[SENSe:]FREQuency:VOLTage:RANGe:AUTO <MOdE>  ..iiiiiiiiiiieiiiiiiiiee et 53
[SENSe:]JFREQuency:VOLTage:RANGE:AUTO? i b3
[SENSe:]JFREQuency:VOLTage:RANGe[:UPPer] {<Voltlage_Range>|MIN|MAX|DEF} ............... b3
[SENSe:]JFREQuency:VOLTage:RANGe[:UPPer]? [{MIN|MAX} ...ooviiiiiiiiiieieceecee e 54

CONFigure:FREQuency[:VOLTAGE]

Configures the instrument for frequency measurements, but does not initiate a measurement.
Use the READ? command to query the frequency measurement value or the CONF? command
to query the frequency function configuration in AC V mode.

CONFigure:FREQuency:CURRent

Configures the instrument for frequency measurements, but does not initiate a measurement.
Use the READ? command to query the frequency measurement value or the CONF? command
to query the frequency function configuration in AC | mode.
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[SENSe:]JFREQuency:APERture {<Seconds>|MIN|MAX|DEF}
Sets the gate time of the frequency measurement function in AC V/ AC | mode.

Parameters:

<Seconds> 10ms, 100ms, 1s
MIN: 10ms
MAX: 1s
DEFault: 1s
*RST: 1s

[SENSe:IFREQuency:APERture? [{MIN|MAX}]
Returns the gate time of the frequency measurement function in AC V / AC | mode.

Return values:
MIN: 1.00000000E-02
MAX: 1.00000000E+00

[SENSe:]JFREQuency:CURRent:RANGe:AUTO <Mode>
Activates or disables the auto range mode of the AC | measurement function for frequency
measurements.

Parameters:
<Mode> ON|OFF|1]0

ON/ 1: Activates the auto range mode of the AC | measurement function
OFF / 0: Disables the auto range mode of the AC | measurement function

*RST: ON

[SENSe:]IFREQuency:CURRent:RANGe:AUTO?
Returns the auto range state of the AC | measurement function for frequency measurements.

Return values:
1 Auto range mode of the AC | measurement function is activated
0: Auto range mode of the AC | measurement function is disabled
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[SENSe:]IFREQuency:CURRent:RANGe[:UPPer] {<Current_Range>|MIN|MAX|DEF}
Sets the current range of the AC | measurement function for frequency measurements.

Parameters:
<Current_Range> 20mA, 200mA, 2A, 10A
MIN: 20mA
MAX: 10A
DEF: 20mA
*RST:  AUTO

[SENSe:IFREQuency:CURRent:RANGe[:UPPer]? [{MIN|MAX}]
Returns the current range of the AC | measurement function for frequency measurements.

Return values:
MIN: 2.00000000E-02
MAX: 1.00000000E+01

[SENSe:]JFREQuency:VOLTage:RANGe:AUTO <Mode>
Activates or disables the auto range mode of the AC V measurement function.

Parameters:
<Mode> ON|OFF|1]0

ON/1: Activates the auto range mode of the AC V measurement function
OFF / 0: Disables the auto range mode of the AC V measurement function

*RST: ON

[SENSe:]JFREQuency:VOLTage:RANGe:AUTO?
Returns the auto range state of the AC V measurement function for frequency measurements.

Return values:
1: Auto range mode of the AC V measurement function is activated
0: Auto range mode of the AC V measurement function is disabled

[SENSe:]FREQuency:VOLTage:RANGe[:UPPer] {<Voltlage_Range>|MIN|MAX|DEF}
Sets the voltage range of the AC V measurement function for frequency measurements.

Parameters:
<Voltlage_Range> 400mV, 4V, 40V, 400V, 750V

MIN: 400mV
MAX: 750V
DEF: 400mV

*RST:  AUTO
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[SENSe:]IFREQuency:VOLTage:RANGe[:UPPer]? [{MIN|MAX}]
Returns the voltage range of the AC V measurement function for frequency measurements.
Return values:

MIN:  4.00000000E-01
MAX: 7.50000000E+02

4-wire resistance configuration commands

CONFigure:FRESistance [{<Range>|AUTOIMIN|MAX|DEF} coiiiiiiiiiiiiie e b4
[SENSe:]FRESistance:NULL[:STATE] {ONJOFF} oot 54
[SENSe:]FRESIStaNCeNULLLSTATE]? oo bb
[SENSe:]FRESistance:NULL:VALue {<Value>|MIN|MAX} .. oo, 55
[SENSe:]FRESistance:NULL:VALUE? [{MIN|MAX} ...ooiiiiii e, 55
[SENSe:]FRESistance:RANGE:AUTO <MOAB> oo 55
[SENSe:]FRESiIstance:RANGEAUTO? i b5
[SENSe:]FRESistance:RANGe[:UPPer] {<Range>|MIN|MAX|DEF} .....ccoccoiiiiiiiiiiieeccieee, 56
[SENSe:]FRESistance:RANGe[:UPPer]? [{MIN|MAX}I ..iiiiiiiieiee e 56

CONFigure:FRESistance [{<Range>|AUTO|MIN|MAX|DEF}]

Configures the instrument for 4-wire resistance measurements, but does not initiate a measure-
ment. Use the READ? command to query the 4-wire resistance measurement value with speci-
fied range or the CONF? command to query the 4-wire resistance function configuration.

Parameters:
<Range> 4000, 4kQ, 40kQ, 400kQ, 4 MQ

AUTO: Auto range
MIN:  400Q
MAX:  4MQ
DEFault: 400Q

If the input signal is greater than can be measured on the selected range (manual ranging), the
instrument returns 9.90000000E+37.

*RST:  AUTO

[SENSe:]JFRESistance:NULL[:STATe] {ON|OFF}

Turns the null function for 4-wire (4w) resistance measurement function on or off. In this case,
the instrument does not switch into resistance mode. For activating the Q measurement function
use the FUNC command.

Parameters:

ON:  Null function of 4w resistance measurement function is activated
OFF:  Null function of 4w resistance measurement function is disabled
*RST: OFF
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[SENSe:]FRESistance:NULL[:STATe]?
Returns the null function state of the 4-wire (4w) resistance measurement function.

Return values:
1: ON - Null function of the 4w resistance measurement function is activated
0: OFF - Null function of the 4w resistance measurement function is disabled

[SENSe:]FRESistance:NULL:VALue {<Value>|MIN|MAX}
Sets the null value of the 4-wire (4w) resistance measurement function.

Parameters:

<Value> 0Q to 4MQ (adjustable in 1Q steps)
MIN: 0Q
MAX:  4MQ
*RST:  0Q

[SENSe:]IFRESistance:NULL:VALue? [{MIN|MAX}]
Returns the null value of the 4-wire (4w) resistance measurement function.

Return values:

MIN: 0.0E+00
MAX: 4.000000E+06

[SENSe:]FRESistance:RANGe:AUTO <Mode>
Activates or disables the auto range mode of the 4-wire (4w) resistance measurement function.

Parameters:
<Mode> ON|OFF|1]0

ON /1: Activates the auto range mode of the 4w resistance measurement

function

OFF / 0: Disables the auto range mode of the 4w resistance measurement
function

*RST:  ON

[SENSe:]FRESistance:RANGe:AUTO?
Returns the auto mode state of the 4-wire (4w) resistance measurement function.

Return values:
1 Auto range of the 4w resistance measurement function is activated
0: Auto range of the 4w resistance measurement function is disabled

SCPI Commands HMC8012 54


https://www.manualsplus.com/

SCPI Commands HMC8012 Remote Control

Command Reference

[SENSe:]FRESistance:RANGe[:UPPer] {<Range>|MIN|MAX|DEF}
Sets the 4-wire (4w) resistance measurement function range.

Parameters:
<Range> 400Q, 4kQ, 40kQ, 400kQ, 4MQ
MIN: 400Q
MAX:  4MQ
DEF: 400Q
*RST:  AUTO

[SENSe:]JFRESistance:RANGe[:UPPer]? [{MIN|MAX}]
Returns the state of the 4-wire (4w) resistance measurement function range.

Return values:

MIN:  4.00000000E+02
MAX: 4.00000000E+06

2-wire resistance configuration commands

CONFigure:RESistance [{<Range>|AUTO|MIN|MAX|DEF}] . ccoiiiiiicie e 56
[SENSe:]RESistance:NULL[:STATE] {ONJOFF} v e 57
[SENSe: I RESIStaNCeINULL L STATE]? oo 57
[SENSe:]RESistance:NULL:VALue {<Value>|MIN|MAX} ..o 57
[SENSe:]RESistance:NULL:VALUE? [{MIN|MAXI .oiiieieiee e 57
[SENSe:]RESistance:RANGE:AUTO <MOAB>  .ooiiiirieeeee e, 57
[SENSe:]RESistance:RANGE:AUTO? ... 58
[SENSe:]RESistance:RANGe[:UPPer] {<Range>| MIN | MAX | DEF} . .coiiiiiiiiiiiiiceeeee, 58
[SENSe:]RESistance:RANGe[:UPPer]? [{MIN | MAX}H ooiiiii e, 58

CONFigure:RESistance [{<Range>|AUTO|MIN|MAX|DEF}]

Configures the instrument for 2-wire resistance measurements, but does not initiate a measure-
ment. Use the READ? command to query the 2-wire resistance measurement value with speci-
fied range or the CONF? command to query the 2-wire resistance function configuration.

Parameters:
<Range> 4000, 4kQ, 40kQ, 400kQ, 4MQ, 40 MQ, 250 MQ

AUTO: Auto range
MIN:  400Q
MAX:  250MQ
DEFault: 400Q

If the input signal is greater than can be measured on the selected range (manual ranging), the
instrument returns 9.90000000E+37.

*RST:  AUTO
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[SENSe:1RESistance:NULL[:STATe] {ON|OFF}

Turns the null function for 2-wire (2w) resistance measurement function on or off. In this case,
the instrument does not switch into resistance mode. For activating the Q measurement function
use the FUNC command.

Parameters:
ON:  Null function of 2w resistance measurement function is activated
OFF: Null function of 2w resistance measurement function is disabled

*RST: OFF

[SENSe:]RESistance:NULL[:STATe]?
Returns the null function state of the 2-wire (2w) resistance measurement function.

Return values:
1: ON - Null function of the 2w resistance measurement function is activated
0: OFF - Null function of the 2w resistance measurement function is disabled

[SENSe:1RESistance:NULL:VALue {<Value>|MIN|MAX}
Sets the null value of the 2-wire (2w) resistance measurement function.

Parameters:

<Value> 0Q to 250 MQ (adjustable in 1Q steps)
MIN:  0Q
MAX:  250MQ

[SENSe:]RESistance:NULL:VALue? [{MIN|MAX}]
Returns the null value of the 2-wire (2w) resistance measurement function.

Return values:

MIN: 0.0E+00
MAX: 2.500000E+08

[SENSe:1RESistance:RANGe:AUTO <Mode>
Activates or disables the auto range mode of the 2-wire (2w) resistance measurement function.

Parameters:
<Mode> ON|OFF|1]0

ON/ 1: Activates the auto range mode of the 2w resistance measurement

function

OFF / 0: Disables the auto range mode of the 2w resistance measurement
function

*RST:  ON
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[SENSe:1RESistance:RANGe:AUTO?
Returns the auto mode state of the 2-wire (2w) resistance measurement function.

Return values:
1: Auto range of the 2w resistance measurement function is activated
0: Auto range of the 2w resistance measurement function is disabled

[SENSe:]RESistance:RANGe[:UPPer] {<Range>| MIN | MAX | DEF}
Sets the 2-wire (2w) resistance measurement function range.

Parameters:
<Range> 400Q, 4kQ, 40kQ, 400kQ, 4MQ, 40 MQ, 2560 MQ

MIN:  4.00000000E+02
MAX:  2.50000000E+08
DEF:  4.00000000E+02
*RST: AUTO

[SENSe:]RESistance:RANGe[:UPPer]? [{MIN | MAX}]
Returns the state of the 2-wire (2w) resistance measurement function range.

Return values: MIN: 4.00000000E+02
MAX:  2.50000000E+08

Temperature configuration commands

CONFigure:TEMPerature [{<Probe_Type>|DEF} {<Type>|DEF}N, 1] ooioiriiiieicieiceeeie e 58
[SENSe:]TEMPerature:NULL[:STATE] {ON | OFF} o i 59
[SENSe:  TEMPerature:NULL ST AT ? e 59
[SENSe:]TEMPerature:NULL:VALue {<Value>| MIN | MAX} ..o, 59
[SENSe:]TEMPerature:NULL:VALUE? [{MIN | MAX}I oriiiee e 59
[SENSe:]TEMPerature: TRANsducer:RTD:TYPE <Type> ..o 60
[SENSe:]TEMPerature: TRANSAUCEr:RTD:TYPE? it 60
[SENSe:][TEMPerature:TRANsducer:TYPE <Probe_Type> ..o 60
[SENSe:]TEMPerature: TRANSAUCETYPE? oo 60
UNIT-TEMPErature {C | K| Y oottt 60
UNITTEMPEIATUIE? oottt 60

CONFigure:TEMPerature [{<Probe_Type>|DEF}[,{<Type>|DEF}[,1]

Configures the instrument for 2-wire / 4-wire temperature measurements, but does not initiate

a measurement. Use the READ? command to query the 2-wire / 4-wire temperature measure-
ment value with specified range or the CONF? command to query the 2-wire resistance function
configuration.

Parameters:
<Probe_Type> FRTD | RTD

FRTD: 4-wire temperature value (4 W)
RTD: 2-wire temperature value (2\W)
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DEF: RTD (2W)

<Type> PT100 | PT500 | PT1000
DEF:  PT100
Example: CONF:TEMP FRTD,PT500

[SENSe:]TEMPerature:NULL[:STATe] {ON | OFF}

Turns the null function for temperature measurement function on or off. In this case, the instru-
ment does not switch into temperature mode (SENSOR). For activating the SENSOR measure-
ment function use the FUNC command.

Parameters:

<State> ON | OFF
ON: Null function of temperature measurement function is activated
OFF: Null function of temperature measurement function is disabled
*RST: OFF

[SENSe:]TEMPerature:NULL[:STATe]?
Returns the null function state of the temperature measurement function.

Return values: 1: ON - Null function of the temperature measurement function
is activated

0: OFF - Null function of the temperature measurement function
is disabled

[SENSe:]ITEMPerature:NULL:VALue {<Value>| MIN | MAX}
Sets the null value of the temperature measurement function.

Parameters:
<Value> -273,1°C t0 999,9°C (adjustable in 1u°C steps)

MIN:  -273,1°C
MAX:  999,9°C

*RST: 0°C
[SENSe:]ITEMPerature:NULL:VALue? [{MIN | MAX}]
Returns the null value of the temperature measurement function.

Return values: MIN: -2.731000E+02
MAX:  9.999000E+02
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[SENSe:]ITEMPerature:TRANsducer:RTD:TYPE <Type>
Sets the RTD type (PT type) of the temperature measurement function.

Parameters:
<Type> PT100 | PT500 | PT1000

*RST: PT100
[SENSe:ITEMPerature:TRANsducer:RTD:TYPE?
Returns the RTD type (PT type) of the temperature measurement function.
Return values: PT100 | PT500 | PT1000
[SENSe:]ITEMPerature:TRANsducer:TYPE <Probe_Type>
Sets the probe type of the temperature measurement function.

Parameters:
<Probe_Type> FRTD | RTD

FRTD: 4-wire temperature probe type (4W)
RTD: 2-wire temperature probe type (2W)

*RST: RTD
[SENSe:]ITEMPerature:TRANsducer:TYPE?
Returns the probe type of the temperature measurement function.
Return values: FRTD: 4-wire temperature probe type (4 W)

RTD: 2-wire temperature probe type (2W)

UNIT:TEMPerature {C | K | F}
Selects the unit of the temperature measurement function.

Parameters: C: °C
K: Kelvins
F: °F

UNIT:-TEMPerature?
Selects the unit of the temperature measurement function.

Return values: C: °C is activated
K: Kelvins is activated
F: °F is activated
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ADC rate configuration commands
[SENSe:JADCRate {SLOW | MEDIUM | FAST} ittt 61
[SENSEIJADCRAE? ..o 61

[SENSe:]JADCRate {SLOW | MEDium | FAST}
Selects the ADC rate for the activated measurement function. The reading rate per second of the
ADC rate function is depending on the activated measurement function.

Parameters: SLOW | MEDium | FAST

*RST: SLOW

[SENSe:]JADCRate?
Returns the ADC rate for the activated measurement function.

Return values: SLOW | MED | FAST

Miscellaneous

CON FIGUIE? ettt e e e et e e e e e e et e e e e e e etabaeea s 61
[SENSe:JFUNCHION[:ON] <FUNCHONS e 61
[SENSE: I FUN CHON I ON 2 ettt et e e e e 62
CONFigure?

Returns the actual instrument configuration.
Example: TEMP, PT100, RTD

Usage: Query only

[SENSe:]JFUNCtion[:ON] <Function>
Selects the measurement function.

Parameters:

<Function> VOLTagel[:DC] DC V measurement function
VOLTage:AC AC V measurement function
CURRent[:DC] DC | measurement function
CURRent:AC AC | measurement function
RESistance 2-wire resistance measurement function
FRESistance 4-wire resistance measurement function

FREQuency[:VOLTage] Frequency measurement function in AC V mode
FREQuency:CURRent Frequency measurement function in AC | mode
CONTinuity Continuity measurement function

DIODe Diode measurement function
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SENSor Sensor measurement function
CAPacity Capacity measurement function
*RST: VOLT[:DC]

Example: FUNC VOLT: AC

[SENSe:]JFUNCtion[:ON]?
Returns the selected measurement function.

Return values: VOLT DC V measurement function
VOLT:AC AC V measurement function
CURR DC | measurement function
CURR:AC AC | measurement function
RES 2-wire resistance measurement function
FRES 4-wire resistance measurement function
FREQ Frequency measurement function in AC V mode
FREQ:CURR Frequency measurement function in AC | mode
CONT Continuity measurement function
DIOD Diode measurement function
SENS Sensor measurement function
CAP Capacity measurement function
Example: FREQ:CURR

2.6 Mathematic Functions

CALCulate:FUNCtion {NULL | DB | DBM | AVERage | LIMit | POWer} ...cocoovvieiiiiiciiicreciee, 63
CALCUIAte:FUNCHION? e 63
CALCUlate[:STATE] {OFF | ON} oot 64
A L CUIATE 1 ST AT 2 ettt e e e nennne 64
CALCUIATEIPOWVEI? e 64
CALCulate:LIMit:LOWer {<Value> | MINimum | MAXIMUM}  c.ocooiiiiee e 64
CALCulate:LIMit:LOWer? {MINimum | MAXIMUM}  ..oioieiiieeeee e 64
CALCulate:LIMit:UPPer {<Value> | MINimum | MAXIMUMY} ..cccoiiiiiiee e 64
CALCulate:LIMit:UPPer? {MINimum | MAXIMUM}  ..ioiiiiiiiiicc e 65
CALCulate:DB:REFerence {<Value> | MINimum | MAXIMUM} ..o.oooiiiiiieiieccceceecceeee e, 65
CALCulate:DB:REFerence? {MINimum | MAXIMUM}  ..oooiiiiiiiiiciec e 65
CALCulate:DBM:REFerence {<Value> | MINimum | MAXIiMUM}  ...cooiiiiieiiceieeecce e, 65
CALCulate:DBM:REFerence? {MINimum | MAXIMUM} ...ooiiioieeiie e 65
CALCulate:NULL:OFFSet {<Value> | MINimum | MAXIMUM} ...oooiiiiieeiie e 65
CALCulate:NULL:OFFSet? {MINimum | MAXIMUMY}  ..ocoiiiieecie e 65
CALCulate:AVERAGEAVERAGE? vt 66
CALCUIate: AVERAGEICLEAN it 66
CALCulate: AVERAGEICOUNT? et 66
CALCuUlate: AVERAGEIMAXIMUM? ettt ettt ettt ettt e et e nnb e neeeennne e 66
CALCulate:AVERAGE:MINIMUM? ..ot 66
CALCuUlate:AVERAGEIPTPEAK? ..o 67
CALCulate:AVERAGE:SDEVIAtION?  oooiiiiiiiiee ettt 67


https://www.manualsplus.com/

ManualsPlus.com

SCPI Commands HMC8012 Remote Control

Command Reference

CALCulate:FUNCtion {NULL | DB | DBM | AVERage | LIMit | POWer}
Sets the calculation function, but does not activate the function. Use the CALC ON command to
activate the calculation function.

Parameters: NULL: Null function
DB: dB function
DBM: dBm function
AVERage: Statistic measurements
LIMit: Limit lines
POWer: Power display

The following table shows the possible math/measurement function combinations.

Measure'ment Mathematic functions
function
(i\t,‘“‘Et;) Limits | NULL dB dBm Power
[ )
DCV ° ° ° ° ° (only with 2nd
function DC |)
[ ]
DC | ° ° ° ° ° (only with 2nd
function DC |)
ACI ° ° °
Q °
CAP °
SENSOR

Tab. 2.1: Measurement functions with possible math options

CALCulate:FUNCtion?
Returns the calculation function.

Return values:

NULL: Null function

DB: dB function (available in DCV ACYV, DC |, AC I)

DBM: dBm function (available in DC VAC YV, DC |, AC |)

AVER: Statistic measurements

LIM: Limit lines

POW: DC power value (available in DC V/DC | or DC I/DC V mode)
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CALCulate[:STATe] {OFF | ON}
Turns with the CALC FUNC command selected calculation function ON or OFF.

Parameters:
ON: The selected calculation function is activated.
OFF: The selected calculation function is disabled.

CALCulate[:STATe]?
Returns the state of the CALC FUNC command selected calculation function.

Return values:
1: ON - Calculation function is activated.
0: OFF - Calculation function is disabled.

CALCulate:POWer?
Returns the DC power value. To activate the power display function use the CALC:FUNC POW
resp. the CALC ON command.

Return values:
If the HMC8012 is not configured in DCI/DCV or DCV/DCI mode ,-1" will be returned.

CALCulate:LIMit:LOWer {<Value> | MINimum | MAXimum}
Sets the low limit value of the limit line function. The possible maximum and minimum low limit

value is depending on the activated measurement function. To activate the limit lines use the
CALC:FUNC LIM resp. the CALC ON command

Parameters:
<Value> Depending on the activated measurement function

CALCulate:LIMit:LOWer? {MINimum | MAXimum}
Retuns the low limit value of the limit line function.

Example: -7.500E+02

CALCulate:LIMit:UPPer {<Value> | MINimum | MAXimum}

Sets the high limit value of the limit line function. The possible maximum and minimum high
limit value is depending on the activated measurement function. To activate the limit lines use
the CALC:FUNC LIM resp. the CALC ON command

Parameters:
<Value> Depending on the activated measurement function

SCPI Commands HMC8012 63


https://www.manualsplus.com/

SCPI Commands HMIC8012 Remote Control

Command Reference

CALCulate:LIMit:UPPer? {MINimum | MAXimum}
Retuns the high limit value of the limit line function.

Example: -7.500E+02

CALCulate:DB:REFerence {<Value> | MINimum | MAXimum}

Stores a relative value which is used for the dB function. The possible dB reference value is de-
pending on the activated measurement function. To activate the dB function use the CALC:FUNC
DB resp. the CALC ON command

Parameters:
<Value> Depending on the activated measurement function

CALCulate:DB:REFerence? {MINimum | MAXimum}
Retuns the dB reference value.

Example: 1.0E-06

CALCulate:DBM:REFerence {<Value> | MINimum | MAXimum}
Sets the user defined dBm reference resistance value. To activate the dBm function use the CAL-
C:FUNC DBM resp. the CALC ON command.

Parameters:

<Value> 1Q to 65,5kQ (adjustable in 1Q steps)
MIN: 1.0E+00
MAX:  6.55350E+04

CALCulate:DBM:REFerence? {MINimum | MAXimum}

Returns the user defined dBm reference resistance value.

Example: 6.000E+02

CALCulate:NULL:OFFSet {<Value> | MINimum | MAXimum}

Sets the maximum null value depending on the activated measurement function.
Parameters:

<Value> Depending on the activated measurement function
CALCulate:NULL:OFFSet? {MINimum | MAXimum}

Returns the maximum null value depending on the activated measurement function.

Example: 1.00E+01
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CALCulate:AVERage:AVERage?

Returns the mean value of the statistic function depending on the activated measurement func-
tion. To activate the statistic function use the CALC:FUNC AVER resp. the CALC ON command.
Example: 1.82852E-07

Usage: Query only

CALCulate:AVERage:CLEar

Resets all statistic function values .

Usage: Setting only

CALCulate:AVERage:COUNt?

Returns the number of statistic measurement counts. You can read the statistical values at any
time.

Example: 1.000E+02 (Count = 100)

Usage: Query only

CALCulate:AVERage:MAXimum?

Returns the maximum value (Max) of the statistic function depending on the activated measu-
rement function. To activate the statistic function use the CALC:FUNC AVER resp. the CALC ON
command.

Example: 1.55606E-07

Usage: Query only

CALCulate:AVERage:MINimum?

Returns the minimum value (Min) of the statistic function depending on the activated measure-
ment function. To activate the statistic function use the CALC:FUNC AVER resp. the CALC ON
command.

Example: 2.24768E-07

Usage: Query only
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CALCulate:AVERage:PTPeak?

Returns the peak to peak value (Pk to Pk) of the statistic function depending on the activated
measurement function. To activate the statistic function use the CALC:FUNC AVER resp. the
CALC ON command.

Example: 6.91621E-08

Usage: Query only

CALCulate:AVERage:SDEViation?

Returns the standard deviation value (StdDev) of the statistic function depending on the activa-
ted measurement function. To activate the statistic function use the CALC:FUNC AVER resp. the
CALC ON command.

Example: 1.50020E-08

Usage: Query only

2.7 Data and File Management

DATA:LOGL:STATE] {0 | 1] OFF [ ON}  coeiiiecieeet ettt 68
(DA YA KO L €1 RS VAN 1] A SRS 68
DATA:LOG:FNAMe {<"File_Name">},[{INT | EXT | DEF} oiooiiiiiceiceeeeeeeeee e 68
DATAILOG:ENAME? e 68
DATA:LOG:FORMAT {CSV | TXT} ettt 68
DATAILOGIFORMAT? e 69
DATA:LOG:MODE {UNLimited | COUNt | TIME} ..iiiiiiieiee e 69
DATAILOGIMODE? oo 69
DATA:LOG:TIME <time iN SEBCONASS>  .oiiiiiiiiiiii et 69
DATAILOG:TIME? e e e 69
DATA:LOG:COUNL <N0 Of SAMPIES> i 69
DATAILOG:COUNIL? oo 70
DATA:LOG:INTerval <interval in SECONAS>  ...iiiiiiiiiiiiiiiee et 70
DATAILOGIINTEIVAI? e 70
DATA:DATA? {<"File_Name" >} [{INT| EXT | DEF} oiiiiieiei e 70
DATA:DELete {<"File_Name">},[{INT | EXT | DEF} iiiiiiiiiiceice e 71
DATA:POINts? {<"File_Name">},[{INT | EXT | DEF}] iiiiiiiiiiceice e 71
DATALIST? [{INT | EXT | DEF} oottt 71
H O O PY DA A ? e e 72
HCOPY:FORMat { BMP | PNG } oot 72
HCOPYIFORMAT? .o e 72
HO O PY S ZE K ? e e 72
[ (OO L ] 7 e SRR 72
FSAV {0 T]2]BJ4} oottt e 72
FRCL {O]T]2IBI4}  oorreeeieeeee ettt ettt ettt eaa e 72
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DATA:LOG[:STATe] {0 | 1 | OFF | ON}
Turns the data logging function on or off.

Parameters:
ON/1: Data logging function is activated.
OFF /0: Data logging function is disabled.

DATA:LOG[:STATe]?
Returns the state of the data logging function.

Return values:
1: ON - Data logging function is activated.
0: OFF - Data logging function is disabled.

DATA:LOG:FNAMe {<“File_Name">},[{INT | EXT | DEF}]
Defines the file name and storage location for the logging function.

Parameters:

<File_Name> e.g. “Test01.CSV",INT
INT: Internal memory
EXT: USB stick
DEF: Internal memory

DATA:LOG:FNAMe?
Returns the file name and storage location for the logging function.

Return values: e.g. "/INT/DATA/Test01.CSV”
INT: Internal memory
EXT: USB stick
DEF: Internal memory

DATA:LOG:FORMat {CSV | TXT}
Defines the data logging file format.

Parameters:
CSV  Comma separated values

TXT  Text file

*RST: CSV
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DATA:LOG:FORMat?
Returns the data logging file format.

Return values: CSV | TXT

DATA:LOG:MODE {UNLimited | COUNt | TIME}
Selects the data logging mode.

Parameters:

UNLimited Infinite data capture

COUNt Number of measurement values to be captured
TIME Duration of the measurement values capture
*RST: UNL

DATA:LOG:MODE?
Returns the data logging mode.

Return values:

UNL Infinite data capture
COUN Number of measurement values to be captured
TIME Duration of the measurement values capture

DATA:LOG:TIME <time in seconds>
Sets the data logging time.

Parameters:
<time in seconds> Internal: 50000 h max.
External: Defined by USB stick capacity

DATA:LOG:TIME?

Returns the duration of the measurement values capture.
Return values: e.g. 5.00000E+04
DATA:LOG:COUNt <no of samples>

Sets the number of measurement values to be captured.
Parameters:

<no of samples> Internal: 50000 max.
External: Defined by USB stick capacity
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DATA:LOG:COUNt?
Returns the number of measurement values to be captured.

Return values: e.g. 1.00E+01

DATA:LOG:INTerval <interval in seconds>
Selects a logging measurement interval. The measurement interval describes the time between
the recorded measurements.

Parameters:
<interval in seconds> 0sto 3600s

DATA:LOG:INTerval?
Returns the selected logging measurement time.

Return values: e.g. 1.0E+00

DATA:DATA? {<"File_Name”>},[{INT| EXT | DEF}]

Returns the logging file data values of the selected storage location and file name. If no log-
ging file is found, the message ,,No Logging Files found” is displayed. If no storage location is
selected, the instrument queries the internal memory. Please notice that the logging function has
to be activated, if you want to use the manual or single trigger mode (trigger via TRIG button).
Without activating the logging function in single or manual trigger mode, the instrument is not
able to save a logging file internally or on the USB stick.

Return values: e.g. “LOG0029.CSV”
INT: Internal memory
EXT: USB stick
DEF: Internal memory
Example: External logging file (USB stick) of single trigger, count = 6

DATA:DATA? ,LOG0029.CSV" EXT

# HAMEG -Log-File ;
# Date: 2013-05-23 ;

# Start Time:, 15:09:32;
# Stop Time:, 15:10:03 ;
# Settings: ;

#9) ADC Rate : Fast;
#9 AC Filter ; - ;
#9 Input Imp. : 10M;
DCV|[V],DCI[A],Flag;
12.891854, 0.982340 ;
12.889381, 0.982539 ;
12.909376, 0.982238 ;
12.875769, 0.982418 ;
12.844559, 0.982506 ;
12.863085, 0.982463 ;
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DATA:DELete {<"“File_Name”>},[{INT | EXT | DEF}]

Deletes the logging file data values of the selected storage location and file name. If no storage
location is selected, the instrument uses the internal memory. Please notice that the logging fun-
ction has to be activated, if you want to use the manual or single trigger mode (trigger via TRIG
button). Without activating the logging function in single or manual trigger mode, the instrument
is not able to save a logging file internally or on the USB stick.

Parameters:
<File_Name> e.g. “LOG0029.CSV”

INT: Internal memory

EXT: USB stick

DEF: Internal memory
Example: DATA:DEL ,LOG0029.CSV”,EXT

DATA:POINts? {<"“File_Name"”>},[{INT | EXT | DEF}]

Returns the number of log file values of the selected storage location and file name. If no storage
location is selected, the instrument queries the internal memory. Please notice that the logging
function has to be activated, if you want to use the manual or single trigger mode (trigger via
TRIG button). Without activating the logging function in single or manual trigger mode, the inst-
rument is not able to save a logging file internally or on the USB stick.

Return values: INT: Max. 50,000 (internal memory)
EXT: Max. memory size of the USB stick
DEF: 50,000 (internal memory)

Example: External logging file (USB stick) of single trigger, count = 5
DATA:POIN? ,LOG0029.CSV",EXT

Query: 5

DATA:LIST? [{INT | EXT | DEF}]

Returns all saved logging files of the selected storage location. If no storage location is selected,
the instrument queries the internal memory. Please notice that the logging function has to be
activated, if you want to use the manual or single trigger mode (trigger via TRIG button). Without
activating the logging function in single or manual trigger mode, the instrument is not able to
save a logging file internally or on the USB stick. If you store the logging file on the USB stick,
the query returns all files depending on the storage format (CSV or TXT files).

Return values: INT: Internal memory
EXT: USB stick
DEF: Internal memory
Example: DATA:LIST? EXT
Query: ,LOG0001.CSV*, “LOG0002.CSV*,“LOG0003.CSV”

|
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HCOPy:DATA?
Returns the actual display content (screenshot). The DATA? query responses the screenshot data
in binary format.

Usage: Query only

HCOPy:FORMat { BMP | PNG }
Selects the data format of the screenshot.

Parameters: BMP | PNG

BMP:  Windows Bitmap Format
PNG:  Portable Network Graphic

*RST:  BMP

HCOPy:FORMat?
Returns the current setting of the screenshot format.

Return values: BMP | PNG

BMP:  Windows Bitmap Format
PNG: Portable Network Graphic

HCOPy:SIZE:X?
Returns the horizontal expansion of the screenshots.

Usage: Query only

HCOPy:SIZE:Y?
Returns the vertical expansion of the screenshots.

Usage: Query only

*SAV {0]1|2]3]4}
Stores the current instrument state in the specified storage location. Any state previously stored
in the same location is overwritten (no error is generated).

*RCL {0]|1]2|3]4}
Recalls the current instrument state of the specified storage location.
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2.8 Status Reporting
2.8.1 STATus:OPERation Register

The commands of the STATus:OPERation subsystem control the status reporting structures of
the STATus:OPERation register:

See also:

e chapter 1.6.1, ,Structure of a SCPI Status Register”, on page 16
e  STATus:OPERation Register”, on page 19

e Diagram on page 22

The following commands are available:

STATUS:OPERaAtION:CONDITION? et 73
STATus:OPERation:ENABIe <enable_value> .......cocoiiiiiiiiii e 73
STATUS:OPERAtIONENABIE? .o 73
STATUS:OPERAtION I EVENT]? e 73

STATus:OPERation:CONDition?
Returns the of the CONDition part of the operational status register.

Return values: Condition bits in decimal representation.
Range: 1 to 65535
Increment: 1

Usage: Query only

STATus:OPERation:ENABIle <enable_value>

Parameters:
<Enable_Value> Range: 1 to 65535
Increment: 1

STATus:OPERation:ENABIe?
Enables the bits in the enable register for the Standard Operation Register group.

STATus:OPERation[:EVENt]?

Return values: Range: 1 to 65535
Increment: 1
Usage: Query only
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2.8.2 STATus:QUEStionable Registers
The commands of the STATus:QUEStionable subsystem control the status reporting structures of
the STATus:QUEStionable registers:

See also:

e chapter 1.6.1, , Structure of a SCPI Status Register”, on page 15
e  STATus:QUEStionable Register”, on page 19

e Diagram on page 21

The following commands are available:

ST ATUS P RESET 1ottt t bbbttt bttt bt bttt bttt bttt bbbt bbb n bttt bbbt b b banarrre 74
STATUS:QUESHIONAbIE:CONDITION?  1.uiiiiiiiitieieieitieiiieeeie ettt abeseeesesebesessseaeeeees 74
STATus:QUEStionable:ENABIe <enable values> ... 74
STATUS:QUESHONADIEIENABIE? oo 74
STATUS:QUESHIONAbIE[IEVENT]? oo 75

STATus:PRESet
Resets all bits of the STATUS:QUESTIONALBLE and Standard Operation enable register.

Usage: Event
STATus:QUEStionable:CONDition?

Returns the contents of the CONDition part of the status register to check for questionable
instrument or measurement states. Reading the CONDition registers does not delete the cont-

ents.

Return values: Condition bits in decimal representation
Range: 1 to 65535
Increment: 1

Usage: Query only

STATus:QUEStionable:ENABIe <enable_value>

Sets the enable mask that allows true conditions in the EVENt part to be reported in the sum-
mary bit. If a bit in the enable part is set to 1 and its associated event bit transitions to true, a
positive transition occurs in the summary bit and is reported to the next higher level.

Parameters:

<enable_value> Bit mask in decimal representation
Range: 1 to 656535
Increment: 1

STATus:QUEStionable:ENABIe?
Reads the enable register and returns a decimal value which corresponds to the binary-weighted
sum.
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STATus:QUEStionable[:EVENt]?
Returns the contents of the EVENt part of the status register to check whether an event has
occurred since the last reading. Reading an EVENTt register deletes its contents.

Return values: Event bits in decimal representation
Range: 1 to 65535
Increment: 1

Usage: Query only
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in alphabetic order

CALCUIate: AVERAGEIAVERAGE? .ottt ettt ettt et et e e e areeennne e 66
CALCUIate: AVERAGEICLEAN oo e 66
CALCulate:AVERAGE:ICOUNTL? oo 66
CALCulate: AVERAGEIMAXIMUIM? oot aa e 66
CALCulate: AVERAGEMINIMUM? oot et e s 66
CALCulate:AVERAQE:PTPEAK? ..o 67
CALCulate:AVERAGE:SDEVIAtION? ..o 67
CALCulate:DBM:REFerence? {MINimum | MAXIMUM} .c.oooiiiiiiiiieecee e 65
CALCulate:DBM:REFerence {<Value> | MINimum | MAXIMUM}  ...oooiiiiiieieecie e 65
CALCulate:DB:REFerence? {MINimum | MAXIMUM} . cooiiiiiiee e 65
CALCulate:DB:REFerence {<Value> | MINimum | MAXIiMUM} ...ooeiiieeiieicee e 65
CALCUIAEIFUNCIION?  oiiiiii ettt ettt ettt et et e et e e st e e st e e atbeestbesstaeesnbeaas 63
CALCulate:FUNCtion {NULL | DB | DBM | AVERage | LIMit | POWer} ...cocoovvieiiiiiiieiecieen, 63
CALCulate:LIMit:LOWer? {MINimum | MAXIMUM}  ..oooiiiiiiiiicec e 64
CALCulate:LIMit:LOWer {<Value> | MINimum | MAXIMUM}  ...cocooiiiieeieeecceeeeeeee e, 64
CALCulate:LIMit:UPPer? {MINimum | MAXIMUM}  o.oiiieiiiece e 65
CALCulate:LIMit:UPPer {<Value> | MINimum | MAXIMUM} ..ccooiiiiiiee e 64
CALCulate:NULL:OFFSet? {MINimum | MAXIMUMY}  ..ocoiiiieecie e 65
CALCulate:NULL:OFFSet {<Value> | MINimum | MAXIMUM} ..ocooviiieiieeiececeeecee e 65
CALCUIATEIPOWVET? oottt ettt ettt e et e et e e et e e snbe s etaeesabe s 64
A L ULt s S T AT 2 e e e 64
CALCUlate[:STATE] {OFF | ON} oot 64
a1 S TSR 22
(010 ]\\1 e VT ¢SS 61
CONFigure:CAPacitance [{<Range>| AUTO | MIN | MAX | DEF} ooiiiiiiiiiiiceieeecee e, 36
CONFIGUIEICONTINUITY  wuvtiieeeiiiiiitee ettt e et e e e e e et e e e e e e et e e e e e e e etbareaeea s 38
CONFigure:CURRent:AC [{<Range>| AUTO | MIN | MAX | DEF} oooviiiiiiiiiceceece e, 39
CONFigure:CURRent[:DC] [{<Range>| AUTO | MIN | MAX | DEF} ..ooiiiiiiieiiiiiececceee e, 45
CONFIGUIEIDIODE ..ttt ettt ettt e e ekt e e et e e e ettt e e e staee e e eebeeas 50
CONFigure:FREQUENCY:CURRENT ittt ettt 51
CONFigure:FREQUENCY[:VOLTAGE]  ....oeiiieeee e 51
CONFigure:FRESistance [{<Range>|AUTOIMIN|MAX|DEF} .c.ocoiiiiiieece e 54
CONFigure:RESistance [{<Range>|AUTO|MIN|MAX|DEF}] . ccoiiiiiiciee e 56
CONFigure:TEMPerature [{<Probe_Type>|DEF} {<Type>|DEF}, 1] .iocoiiiiiiiiiiiiiiiceeieciee, b8
CONFigure[:VOLTage]:AC [{<Range>| AUTO | MIN | MAX | DEF}] iooviiiiiiiiiieieeecceee e, 42
CONFigure[:VOLTage][:DC] [{<Range>| AUTO | MIN | MAX | DEF}  oooiiiiieiiieieeeeceee e, 47
DATA:DATA? {<"File_Name" >} [{INT| EXT | DEF} oiioiieiee e 70
DATA:DELete {<"File_Name">}[{INT | EXT | DEF} . ooiriiiiiee e, 71
DATALIST? [{INT | EXT | DEF} oottt ittt 71
DATAILOGICOUNT? ittt ettt ettt et s et e e st e e tb e e eab e e et beessbe e e sbeeenbeeesbeennbeeenes 70
DATA:LOG:COUNL <N0 Of SAMPIES> oottt 69
DATAILOGFNAME? oottt ettt ettt et be e e e e ve e e 68
DATA:LOG:FNAMe {<"File_Name">},[{INT | EXT | DEF} oiooiioiice e 68
DATA:LOG:FORMAT? oottt 69
DATA:LOG:FORMAT {CSV | TXT} oottt e 68
DATAILOGIINTEIVAI? ottt et e e ettt et e e et e e ettt e e e et e e e nneeas 70
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DATA:LOG:INTerval <interval in SEBCONAS>  ...iiiiiiiiiiiiiiiee et 70
DATAILOGIMODE? oo 69
DATA:LOG:MODE {UNLimited | COUNt | TIME} ..iiiiiiie e 69
AT A LD G ST AT ? et 68
DATA:LOGLSTATE] {0 | 1] OFF [ ON} oot 68
DATAILOG:TIME? e e e 69
DATALOG:TIME <time iN SECONASS>  .uvviiiiieiiee et 69
DATA:POINts? {<"File_Name">},[{INT | EXT | DEF}] . ooiriiiiiee e, 71
DISPIAY: TEXT:CLEAT oot 27
DISPIay: TEXT I DATA] , S tHNG>" oo 27
FESE VaAlUBS e 22
S R e, 23
L = 1O o USSR 25
[ (OO ]V I A 1 AN PSSR 72
HCOPYIFORMAT? et 72
HCOPY:FORMat { BMP | PNG } oot 72
HO O PY S ZE K e e 72
[ (OO ] ] 7 SRR 72
B DN 2 e e 23
MEASure:CAPacitance? [{<Range>| AUTO | MIN | MAX | DEF}]  oooiioiiiiieceee e 30
MEASUIEICONTINUITY? ittt ettt e e ettt e e e et e e e et e e e ettt e e e staeeeeenaeees 31
MEASure:CURRent:AC? [{<Range>| AUTO | MIN | MAX | DEF} oot 31
MEASure:CURRent:DC? [{<Range>| AUTO | MIN | MAX | DEF}] iooiiiiiiieeeeeeeeeeeeee 32
MEASUIEIDIODE? i e et e e 32
MEASure:FREQuency:CURRent [{<Range>| AUTO | MIN | MAX | DEF}] iooioiiiieiiiiicecei 33
MEASure:FREQuency[:VOLTAGE]? [{<Range>| AUTO | MIN | MAX | DEF}] .ooiiiiiiiiiiiieee 32
MEASure:FRESistance? [{<Range>| AUTO | MIN | MAX | DEF}]  oooiiiiiiiiece e 33
MEASure:RESistance? [{<Range>| AUTO | MIN | MAX | DEF}  .oooiioiiiiiiiieiccee e 34
MEASure: TEMPerature? [{<Probe_Type>| DEF}[ {<Type>| DEF} . oocooiiiiiiiieiieeeeeeeee, 34
MEASure[:VOLTage]:AC? [{<Range>| AUTO | MIN | MAX | DEF}  oieoiiiiieeeeeceeeeceeee, 35
MEASure[:VOLTage][:DC]? [{<Range>| AUTO | MIN | MAX | DEF}] ooooiiiiiiiieeeceeeee e, 35
O P e, 23
FRCL {O]T]2IBI4} oottt ettt 72
RE A D ? e e 25
a1 SR 23
FSAV {0 T2]BJ4} oottt 72
[SENSEIJAD CRAE? ..o 61
[SENSe:JADCRate {SLOW | MEDIUM | FAST} oot 61
[SENSe:]CAPACItaNCeINULLLISTATE]? i 37
[SENSe:]CAPacitance:NULL[:STATE] {ON | OFF} ooiiiiioieiee e 36
[SENSe:]CAPacitance:NULL:VALUE? [{MIN | MAX}I . oeiiiee e 37
[SENSe:]CAPacitance:NULL:VALue {<Value>| MIN | MAX} ..o, 37
[SENSe:]JCAPacitance:RANGEAUTO? ..o 37
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[SENSe:]CAPacitance:RANGE:AUTO <MOAB> oo 37
[SENSe:]CAPacitance:RANGe[:UPPer]? {MIN | MAX | DEF} oo 38
[SENSe:]CAPacitance:RANGe[:UPPer] {<Range>| MIN | MAX | DEF} ...cccoiiiiiiiiiiieiieec 38
[SENSe:]JCONTINUItY:BEEPEI[:STATEI? e 39
[SENSe:]CONTinuity:BEEPer[:STATE] {ON | OFF} oo 39
[SENSe:]JCONTinuity:THReshold? [{MIN | MAX | DEF}  oooiiieecee e 39
[SENSe:]JCONTinuity:THReshold {<Threshold>| MIN | MAX | DEF} ..o, 38
[SENSe:]CURRent: AC:BANDWIdth? [{MIN | MAXI oo 40
[SENSe:]CURRent:AC:BANDwidth {<Threshold>| MIN | MAX | DEF} ....coooviiviiiieieciccc 40
[SENSe:JCURRENTAC:INULLESTATEI? oo 40
[SENSe:]CURRent: AC:NULL[:STATE] {ON | OFF}  oviiieie e 40
[SENSe:]CURRent: AC:NULL:VALUE? [{MIN | MAXH oo 41
[SENSe:JCURRent:AC:NULL:VALue {<Value>| MIN | MAX} .o, 41
[SENSe:]CURRent: AC:RANGE:AUTO? oo 41
[SENSe:]CURRent:AC:RANGE:AUTO <MOTE> oo 41
[SENSe:]CURRent:AC:RANGe[:UPPer]? [{MIN | MAX}H oo 42
[SENSe:]CURRent:AC:RANGe[:UPPer] {<Range>| MIN | MAX | DEF} ...ooioviiiiiiiiiiecccc 41
[SENSe:JCURReNt:DCINULLLSTATE]? oo 46
[SENSe:]CURRent[:DCI:NULL[:STATE] {ON | OFF} oiiieieiee e 45
[SENSe:]CURRent[:DCI:NULL:VALUE? [{MIN | MAXI oiiieeee e 46
[SENSe:]CURRent[:DC]:NULL:VALue {<Value>| MIN | MAX} ..o, 46
[SENSe:JCURRent[:DCI:RANGEAUTO? oo 46
[SENSe:JCURRent[:DCI:RANGe:AUTO <MOAE>  .oiiiiiiiiiceee e 46
[SENSe:]CURRent[:DC]:RANGe[:UPPer]? [{MIN | MAX}H oot 47
[SENSe:]CURRent[:DC]:RANGe[:UPPer] {<Range>| MIN | MAX | DEF} ....cociiiiiiiiiiiieeiee 47
[SENSE: | DIODE: BEEPEI:STATE]? oo 51
[SENSe:]DIODe:BEEPer[:STATE] {ON|OFF} oo 51
[SENSe:]DIODe:THReshold? [{MIN|MAXIDEF} ..ocoiiioeeeeee e 50
[SENSe:]DIODe:THReshold {<Threshold>|MIN|MAX|DEF} ..o, 50
[SENSe:]JFREQuency:APERtUre? [{MIN|MAXH oo 52
[SENSe:]FREQuency:APERture {<Seconds>|MIN|MAX|DEF} .....cccooiiiiiiiiiiiiiiieiee e 52
[SENSe:]JFREQuency:CURRent:RANGE:AUTO? ..o 52
[SENSe:]JFREQuency:CURRent:RANGe:AUTO <Mode>  ..oociiiiiiiiiiiiiiiee e 52
[SENSe:]JFREQuency:CURRent:RANGe[:UPPer] {<Current_Range>|MIN|MAX|DEF} ............... 53
[SENSe:]JFREQuency:CURRent:RANGe[:UPPer]? [{MIN|MAX} ..oooiieieeieeeee e, 53
[SENSe:]JFREQuency:VOLTage:RANGE:AUTO? it 53
[SENSe:]JFREQuency:VOLTage:RANGe:AUTO <MOdE>  ..iiiiiiiiiiieiiiiiiieie et 53
[SENSe:]FREQuency:VOLTage:RANGe[:UPPer]? [{MIN|MAX}] ...ooviiiiiiiiiieiccee e b4
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