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1.1

I. INTRODUCTION

INTRODUCTION

This chapter describes the outline of this manual for efficient utilization.

Qutline of This Manual

This manual is a program creation guide for the R3681 Series Signal Analyzer. This manual is organized so
that the user can learn the method of creating programs that perform remote control of the R3681 Series Sig-
nal Analyzer by using SCPI commands.

This manual assumes that the user is familiar with the manual operation of the R3681 Series Signal Analyzer.
Therefore, this manual does not include a detailed explanation about the operation method and functions of
the R3681 Series Signal Analyzer. For more information on the operation method and functions, refer to the
User's Guide.

The outline of each chapter is shown below:

Chapter 1 “INTRODUCTION” This chapter describes the outline of this man-
ual for efficient utilization.

Chapter 2 “OVERVIEW OF REMOTE CON- This chapter describes the overview of the

TROL” remote control system and SCPI commands.

Chapter 3 “MEASUREMENT PROCEDURES” This chapter describes the methods of setting
the measurement conditions, performing mea-
surement, and reading measurement data.

Chapter 4 “PROGRAM EXAMPLES” The tollowing measurement program exam-
ples are explained:

+  Marker setting and marker reading

+  Frequency measurement using the fre-
quency counter

+«  Channel Power measurement

Chapter 5 *SCPI COMMAND REFERENCE” SCPI command reference,

The command reference explains the com-
mands in order of function.

In explanation, the following items ate
explained:

+  Command format

»  Function explanation
= Parameters

»  Query response

+  Use example

= Related commands

1-1
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1.2 Other Manuals for This Instrument

1.2  Other Manuals for This Instrument

12

The following manuals are provided for this instrument:

User's Guide (Product code: {ER3681SERIES/U}, English)

This manual describes the information required to use the R3681 Series. [t includes setup, basic opera-
tion, application measurement, function explanation, specifications, and maintenance.

Programming Guide (Product code: {ER3681SERIES/P}, English, This manual}

Thig manual describes information related to programming for automatic measurement of the R3681
Series. It includes an overview of remote control, SCPI command reference, and application program
examples.

Performance Verification Guide (Product code: {ER3681SERIES/T}, English)

This manual describes the information required to verify the performance of the R3681 Series. It in-
cludes the performance test procedure and specifications.
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2. OVERVIEW OF REMOTE CONTROL

2.  OVERVIEW OF REMOTE CONTROL

This chapter describes the overview of the remote control system and SCPI commands.

2.1 Types of Remote Control Systems

The following two types of remote control systems can be configured, depending on the interface;

Interface Overview

This system controls the R3681 Series and other devices con-

GPIB nected from the external controller through GPIB.
(Talker/Listener mode) For more information, refer to “2.2 GPIB Remote Control Sys-
tem™ (on page 2-1).

This system controls the R3681 Series and other devices con-
nected from the external controller through LAN.

For more information, refer to 2.3 LAN Remote Control System”
(on page 2-6).

LAN

2.2 GPIB Remote Control System

The GPIB (General Purpose Interface Bus) that is compliant with IEEE standards 488.1-1978 and 488.2-
1987 comes standard with this instrument so that remote control can be performed from the external control-
ler.

The controlling method using the GPIB remote control function is explained below.

2.2.1 What is the GPIB?

The GPIB (General Purpose Interface Bus) is a high performance bus that integrates computers and mea-
suring instruments.

Operation of the GPIB is defined by [EEE standard 488.1-1978. Since the GPIB has bus structure inter-
faces, a specific device can be specified by assigning a unique device address to each device, Up to 15
devices can be connected to one bus in parallel. A GPIB device is equipped with at least one of the follow-
ing functions:
«  Talker
The device that is set to send data to the bus is called the “talker”. On the GPIB bus, only one device
acts as an active talker.
= Listener

The device that is set to receive data on the bus is called the “listener”. Two or more active listener
devices can exist on a GPIB bus.

2-1
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2.2.2 Setting up the GPIB

2,22

2-2

1.

Controller

The device that specifies tallers and listeners is called the “controller”. On a GPIB bus, only one de-
vice acts as an active controller. Of these controllers, the device that can control [FC and REN mes-
sages is expressly called the “system controller”.

Only one system controller is permitted on a GPIB bus. If there are two or more controllers on a bus,
the system controller becomes the active controller at the time of system startup and the other devices
with controller capability act as addressable devices.

To set another controller to an active controller, use Take Control (TCT) interface messages. At this
time, this controller becomes a non-active controller.

The controller controls the entire system by sending interface or device messages to each measuring
instrument. The roles of these messages are shown below.

+ Interface message: Controls the GPIB bus.

»  Device message: Controls the measuring instruments.

Setting up the GPIB

GPIB connection

The standard GPIB connection is shown below. Fix the GPIB connector firmly with two screws such
that they do not loosen during use.

(GF1B Connectors

Figure 2-1 GPIB Connection

Note the following when using the GPIB inter{ace:
*  Connect the GPIB cable to the GP-IB 1 connector on the rear panel of this instrument.

+  The total cable length of the GPIB cable used in one bus system is not longer than 2 m x {the
number of connected devices (the GPIB controller is counted as one device)}.
The total cable length should be 20 m or less.

+  Upto 15 devices can be connected to one bus system.
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2.2.3 GPIB Bus Functions

= There is no restriction in the method of connecting cables. However, four or more GPIB
connectors should not be stacked on one device. If four or more GPIB connectors are stacked,
the joints of the connectors may be broken because excessive force is applied to them.

For example, a system consisting of five devices can use cables of up to 10 m (2 m/device x 5
devices = 10 m) in total. Cable lengths can be allocated freely unless the total cable length
exceeds the permitted maximum length, When 10 or more devices are to be connected, however,
some devices should be connected with cables of 2 m or less so that the total cable length does
not exceed 20 m.

2. GPIB address setting
GPIB addresses should be set from the GPIB dialog box in the System menu.

2.2.3 GPIB Bus Functions

2.2.3.1 GPIB Interface Functions

Table 2-1  GPIB Interface Functions

Code Description
SHI1 Has the source handshake function
AH1 Has the accepter handshake function
T6 Basic talker function, serial polling function, listener-specified talker cancel function
TEO No extended talker function
L4 Basic listener function, talker-specified listener cancel function
LEO No extended listener function
SR1 Has service request function
RL1 Remote fimction, local function, local lockout function
PPO No parallel polling function
DCl Device clear function
DT1 Device trigger function
Cl Systemn controller function
C2 IFC transmission, controller-in-charge function
C3 REN transmission function
C4 SRQ response function
Cl12 Interface message transmission function, pass control back function
El Using the open-collector bus driver

2-3
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2.2.3 GPIB Bus Functions

2.2.3.2

2-4

Responses to Interface Messages

The responses of this instrument to interface messages explained in this section are defined in IEEE stan-
dards 488.1-1987 and 488.2-1987.

For information on the method of sending intertace messages to this instrument, refer to the operation man-
ual of the controller used.

1.

Interface clear (IFC)
This message is directly sent to this instrument through a signal line.

With this message, this instrument stops the operation of the GPIB bus. Though all input/output is
stopped, the /O buffer is not cleared (it is cleared by DCL). When this instrument is defined as an
active controller, the control right of the GPIB bus is canceled and the system controller gets the con-
trol right.

Remote enable (REN)
This message is divectly sent to this instrument through a signal line.
If this instrument is specified as a listener when this message is TRUE, it enters the remote state.

This state continues until this instrument receives GTL, REN is changed to FALSE, or the LOCAL
key is pressed.

This instrument ignores all the received data when it is in the local state.

When it is in the remote state, this instrument ignores all key entry except the LOCAL key.

When it is in local lockout state (refer to “Local lockout (LLOY?), this instrument ignores all key en-
try.

Serial port enable (SPE)

When receiving this message from outside, this instrument enters the serial polling mode.

When this instrument specified as a tallcer in this mode, it sends status bytes instead of ordinary mes-
sages. This mode continues until this instrument receives a serial polling disable (SPD) message or
an IFC message.

When thig ingtrument is sending a service request (SRQ) message to the controller, bitd (RQS bit) of
response data is set to 1 {TRUE). After transmission is completed, RQS bit is set to 0 (FALSE). A
service request (SR(QQ) message is directly sent through a signal line.

Group execute trigger (GET)

This message triggers this instrument. [f the following conditions are met, this instrument starts mea-
surement.

*  The trigger source is set to the GPIB bus. (TRIG: SOUR BUS)

*  This instrument is in trigger waiting state. (Refer to “Trigger system™)

GET performs the same operation as *TRG, but not the same operation as TRIG:IMM and TRIG:SIG.
GET, *TRG, TRIG:IMM, and TRIG:SIG are executed in the order they are stacked and received on
the input buffer.

Device clear (DCL)

When receiving DCL, thig instrument performs the following operations:

*  Clearing the input and output buffers

»  Resetting the syntax analysis, execution control, and response data generation units

*  Canceling all the commands that impede the remote command to be executed next

*  Canceling the command that is temporarily stopped to wait for other parameters
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2.2.3 GPIB Bus Functions

= Canceling *OPC and *OPC?

The following operations are not executed:

»  Changing data set or stored in this instrument

= Interrupting the front panel operation

+  Affecting or interrupting the operation of this instrument during execution

+  Changing the status byte except MAV (MAV is set to 0 as the result of clearing the output buffer)

Selected device clear (SDC)

Performs the same operation as DCL. However, SDC is executed only when this instrument is a lis-
tener.

In other cases, it is ignored.

Go to local (GTL)

This message sets this instrument to the local state. In the local state, all the front panel operations are
enabled.

Local lockout (LLO)

This message sets this instrument to the local lockout state. When this instrument enters the remote
state in this state, all front panel operation is prohibited (In the ordinary remote state, the front panel
operation can be performed with the LOCAL key).

In this case, this instrument can be set to the local state by any of the following three methods:
*  Sending a GTL message to thig instrument

+  Setting the REN message to FALSE (At this time, the local lockout state is also canceled)
+  Turning on the power again

If this instrument receives this message when it is set to a talker, it is set to an active controller by
path control. When receiving an IFC message, this instrument enters the addressable mode again.

2-5
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2.3 LAN Remote Conirol System

2.3

231

2-6

LLAN Remote Control System

The LAN (Local Area Network) interface that is compliant with [EEE standard 802.3 comes standard with
this ingtrument so that remote control by socket communication between the external controller and this
instrument can be performed.

The controlling method using the LAN remote control function is explained below.

Setting up LAN

I. LAN connection

The standard LAN connection is shown below. To perform communication through LAN between an
external controller and this instrument or other devices, connect them with the TOBASE-T LAN cable
of the RJ45 connector. To directly connect this insttument and an external controller with a LAN ca-
ble, use a LAN cable (cross over cable) having connection as shown in Table 2-2. To connect this
instrument and devices other than an external controller with a LAN, use an external device designed
to connect devices having two or more LAN interfaces such as an Ethernet hub. The LAN cable used
in this case is a LAN cable (straight cable) having connection as shown in Table 2-3.

R3681 series rear panel

S —

External controller LAN cable

Figure 2-2  LAN Connection

Table 2-2  Connection of Cross-over Cables

Connector A side Connector B side
Signal name | . RJ45 . RJ45 Signal name
Pin number | Pin number
RX+ 1 3 TX+
RX- 2 6 TX-
TX+ 3 1 RX+
TX- 6 2 RX-
Not Used 4 4 Not Used
5 5
6 6
7 7
8 8
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2.3.2

2.3.3

2.3.2 IP Address Setting

Signal
Name
Pin# | TD+ s T+ |
2 TD- e o TD- 2
3 RD+ et e RD+ 3
6 RD- s e RD- 6

Figure 2-3 Connection of Cross-over Cables

Table 2-3  Connection of 10BASE-T Straight Cables

Signal name . RJ45 Line color Pair number
Pin number
RX+ 1 White/Orange 5
RX- 2 Orange
TX+ 3 White/Green 3
TX- 6 Green
Not Used 4 Blue |
5 White/Blue
7 White/Brown 4
8 Brown
TP Address Setting

The 1P address should be set from the network dialog box in the System menu.

Control from a Program

To control this instrument from a program of an external controller, a port number for socket communica-
tion is required. The port number “5025” is provided for socket communication for the remote control on
the side of this instrument. To write a program for socket communication, a library for network connection
with the TCP/IP protocol is required. The library differs depending on the environment, such as the OS of
the external controller. In the Windows OS environment, for example, WinSock is provided.

Of the functions available in the GPIB remote control system, some functions specific to the GPIB bus,
such as service request, cannot be used in the LAN remote control system.
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2.4 Message Exchanging Protocol

2.4 Message Exchanging Protocol

This instrument receives program messages from the controller or other devices through the GPIB bus or
LAN and generates response data. Program messages include commands, queries (which are commands that
ask for response data) and data.

2.4.1

Buffers

This instrument has three buffers.

L.

2.4.2

Input buffer

A buffer for storing data temporarily to analyze commands.
{1024-byte length)

The input buffer can be cleared by the following two methods:
*  Poweron

*  Executing DCL or SDC

Output buffer

A buffer for storing data until data is read by the controller,

{1024-byte length)

The output buffer can be cleared by the following two methods:

*  Poweron

+  Executing DCL or SDC

Error queue

The error queue exists only in IEEE488.2-1987 command mode.

This is a queue that stores ertor messages of remote commands, and its depth is 10.

Each time an error occurs during analysis or execution of remote commands, messages are stacked
in the queue.

Messages can be read with the SYST:ERR command. Each time a message is read, it is deleted from
the queue.

The error queue can be cleared by the following two methods:
*+  Poweron
*  Executing *CLS

TEEEA488.2-1987 Command Mode

The IEEE488.2-1987 command mode sends and receives messages in accordance with the message
exchange protocol that is compliant with IEEE standard 488.2-1987.

When other controllers or devices receive messages from this instrument in this mode, the following items
are especially important:

2-8

Generating response data by receiving a query (Refer to “Parser™),

Generating data in the order queries are executed (Refer to “Generating response data™).
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2.4.2 IEEE488.2-1987 Command Mode

Parser

The parser receives command messages in the order they are received from the input buffer, executes
syntax analysis, and determines what operations are to be executed by the commands received.

It also traces the tree structure of commands when performing the syntax analysis of commands.

For the next comumand analysis, it remembers the part of the tree structure from which analysis should
be performed.

This information is returned to the head of the tree structure when the parser is cleared.

The parser can be cleared by the following four methods:

+ Poweron

+  Receiving DCL or SDC

= Receiving ;" nextto *;

*  Receiving the terminator or EOL

Generating response data

When the parser executes a query, this instrument generates data on the output buffer as its response
(that is, a query must be sent immediately before outputting data).

1t means that data is not cleared until the controller reads data generated by a query.

Besides the controller reading data, there are two conditions in which data is cleared. In these condi-
tions, a Query Error is generated.

+  Unterminated condition : When the controller reads response data without terminating the query
(with ASCII LF code or GPIB END message) or when the controller
reads response data without sending a query.

+ Interrupted condition :  When the controller receives the next program message before reading
response data.

2-9
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2.5 Command Syntax
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Command Syntax

This chapter describes the command syntax.

IEEEA488.2-1987 Command Mode

The command syntax is defined in the following format:

Header | —>| Space (space character) |=>| Data

MEMO: = means repefition.

[¥5)

Header

The header has a layered structure consisting of two or more mnemonics delimited by colons (3). A
mnemonic consisting of four or more characters has a “short form” of four (or three) characters (a
non-abbreviated mnemonic is called a “long form’). Any combination of these forms is allowed.

If a question mark (?) is attached immediately after a header, it becomes a query command.

Space (space character)

A space of one or more characters is required. If any character except a space is used, an error will
result.

Data

When the command requires more than one data item, list these data items by delimiting them with
commas (,).

A space (space character) may be inserted before or after the comma (,).

For more information on data type, refer to “2.5.2 Data Format.”

Writing more than one command

In IEEE488.2-1987 command mode, more than one command may be written on one line by delim-
iting them with semicolons (;).

When commands are written in this way, the gystem executes commands while moving the current
path in the layered structure of the header.

Moving the current path

The current path moves in accordance with the following rule:
*  When power is turned on: The current path is set to root.
*  Terminator: The current path is set to root.

»  Colon (3): If the colon () that moves the current path to one layer below in the comumand tree is
the initial character, the colon () sets the current path to root.

»  Semicolon (;): The current path is not changed.

*  Common command: This command can be executed regardless of the current path. When an
*RST command is executed, the current path is set to root (* See the following example).
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2.5.1 IEEE488.2-1987 Command Mode

Example; Assume the following header structure:

root
llL L !
T ot
EF GH E I J K I L
b
M N P Q

In the above structure, the current path moves in the following way:

L.

(8

AE;BE

Since the colon (;) in the second command moves the current path to root, both A:E and B:E are
correct commands.

:AE<END>B:E

Since <END:> (terminator) moves the current path to root, both A:E and B:E are correct com-
mands,

AEF:G:H

Since a semicolon (;) does not move the current path, :A:E:F;G;H results in the four commands
AE, AF, A:G and A:H.

C:LK:NM

Since a colon (1) moves the current path, KiN is seen from the layer of :C:.

Therefore, K:N is equal to C:K:N. At the same time, the current path is changed to :C:K: because
K:N contains a colon (1) and the last M is treated as C:K:M.

:A:E;*ESR 16

Since the common command is independent of the current path, *ESR 16 is executed correctly.
:ACE:*ESR 16;F;G;H

Since the common command does not change the current path, the third F is searched for from
the current path :A: that is set in the first :AE.

Therefore, F, G, and H are equal to A:F, A:G, and A:H, respectively.

In the following examples, a syntax error will result.

1.

:AE;B:E
ACE changes the current path to :A:.

Therefore B:E is searched for from the layer of :A: but the mnemonic B cannot be found. As a
result, an error will result.

C:K:M;L:P
:C:K:M changes the current path to :C:K:.

Therefore L:P is searched for from :C:K: but the mnemonic L cannot be found. As a result, an
error will result.
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2.5.2 Data Format

2.5.2 Data Format

In [EEE488.2-1987 command mode, the data types shown in this section are used in data input/output.
1. Numeric data

There are three formats for numeric data as shown below. When entering numeric values for this in-
strument, any format may be used (the value is rounded depending on the data type entered).

Depending on the command, a unit may be attached to the entered numeric value. For units, see Sec-
tion (5), which is described later.

+ Integer type: NR1 format

[l Sign |[]-—|Number |=

]

ixed point type: NR2 format

[l Sign []—|Number |[=] . [—|Number|=

»  Floating point type: NR3 format

[l Sign |]—|Number |=] . [|—|Number :Eore—‘

|_, Sign |— | Number |=

MEMQ: — means repetifion.
The sign at the head may be omitted.

2. Character data

The format of character data is shown below:

English —> Alphanumerics or ... =

MEMGO: = means repetition.

3. String data
There are two formats for string data.

" | —| Character/"" |=| "

— | Character/ ** | =

In string data, ASCII 7bit code characters can be used.

MEMO: In string data starting with ", ' should be represented as ™" "
In string data starting with ', ' should be represented as "
=> means repetition.
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2.5.2 Data Format

If response data is string data, string data starting with " is always output.
Block data

There are two formats for block data. When entering data into this instrument, ¢ither format may be
used.

Fixed length format: | # |—|Number |— | Number | = |DATA [=

Undefined length format: | # [—] 0 |—|DATA |=|LF"EOI

MEMOQO: = means repetition.

In fixed length format, one character number following # indicates the number of digits for the subse-
quent bytes. 0 cannot be used (because it becomes the undefined length format).

Example: Block data #3128<data byte>

The number 3 following # indicates the number of digits of the subsequent string (128), and the number
128 represents the number of bytes of the subsequent <data byte>.

Unit
The unit is a sufTix following the numetic value. For units, a suffix can be used as a prefix.
Available suffixes and units are listed below:

Table 2-4  Available Units

Unit Description
Hz* Frequency unit
DB Level unit (relative value)
DBM Level unit (absolute value)
S Time unit

Table 2-5 Available Suffixes

Suffixes
1E18 EX
1E15 PE
1E12 T
1E9 G
1E6 MA
1E3 K
1E-3 M *
1E-6 U
1E-9 N
1E-12 P
1E-15 F
1E-18 A

*: If the unit is HZ, the suftix is 1E6 (equivalent to MA).

2-13
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2.6 Status Bytes

2.6  Status Bytes

This instrument has a layered status register structure that is compliant with IEEE standard 488.2-1987, and
can send various statuses of the devices to the controller. This section describes the behavioral model of status
bytes and allocation of events.

. Status registers

This instrument adopts the model of the status registers defined in IEEE standard 488.2-1987. The status
registers consist of the condition register, event register, and enable register.

Condition Event Enable
register register register
0 - 0 - & - 0
1 - 1 - & - 1
n-1 =  n-1 > & - n-1
n - n - & — n
3 Y ¥
OR —» Summary

Figure 2-4  Statug Register Configuration

a. Condition register

The condition register is always monitoring the status of the device. That is, this register always
retains the latest status of the device.

However, the condition register cannot read and write data because it retains data as internal infor-
mation.

b. Event register
The event register latches and retains the status from the condition register (or retains change).
Once this register is set, the setting value is kept until it is read by a query or cleared by *CLS.
Data cannot be written to the event register.

c. Enable register

The enable register specifies which bit in the event register is set as an ettective status to generate
a summary. The enable register is ANDed with the event register and the OR of the result is gener-
ated as a summary. The summary is written to the status byte register.

Data can be written to the enable register.



R3681 Series Programming Guide

2.6 Status Bytes

Thig instrument has the following five types of status registers;

= Status byte register

»  Standard event status register

*  Standard operation status register

*  Questionable status register

+  Measuring status register

The layout of the status registers in this instrument is shown in Figure 2-5.

The detail of the status registers is shown in Figure 2-6.

Measuring Status Register

Standard Cperation
Status Register

Standard Event
Status Register

Output Buffer

Questionable
Status Register

Status Byte Register

OPR

MSS

ESB

MAV | QUES 2 1 G

RQS

Service Request

Figure 2-5 Status Register Layout
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2.  Event enable register

2.6 Status Bytes

Each event register has an enable register that determines which bit is to be enabled.

Service request enable register set *SRE
Standard event status enable register set *ESE
Standard operation status enable register set :STAT:OPER:ENAB

Measuring status enable register set

STAT:OPER:-MEAS:ENAB

Questionable statug enable register set :STAT:QUES:ENAB

-

3. Standard operation status register

Allocation in the standard operation status register is listed below:

Table 2-6  Allocation in the Standard Operation Status Register

bit Function definition Description

15 - Always 0

14 - Reserved

13 - Al<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>