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- LIMETATION OF WARRANTY

The‘fy foregoing warranty shall not apply to defects resulting from
1mpr0per or inadequate maintenance by buyer, unauthorized mod-
1ﬁc4tmn or misuse, accitlent or abnormal conditions of operations.

No other warranty is expressed or implied. ADVANTEST specifically
dlsc’ialms the ‘;,,mphed warrantles of merchantablhty and fitness for a
parﬁcular purpose

ADVANTEST shall not be liable for any special incidental or
conéequentialdamages, whether in contract, tort or otherwise.

%

erma -

\,-//



ADVANTEST

ADVANTEST CORPORATION

7 G TR %:3 P
: BRI AT
CHh s . s . :‘ T

_R4131'SERIES .

SPECTRUM' ANALYZER [

MANUAL NUMBER EHO01 90093

Y

POWER ros P
5 i © °
3

i e 4SS

Y
‘ R41318 SPECTRUM ANALYZER

Before reselling to other corporations
or re-exporting to other countries, you
are required to obtain permission from
both the Japanese Government under its
Export Control Act and the U.S. Govern-

ment under its Export Control Law.

C1988

ADVANTEST CORPORATION Feb. 17-1988

All rights reserved. Printed in Japan




N

R4131 SERIES
SPECTRUM ANALYZER
INSTRUCTION MANUAL

Preface

PREFACE

This Instruction Manual describes the following spectrum analyzers
collectively:

Spectrum analyzers: R4131A, R4131AN
R4131B, R4131BN
R4131C, R4131CN
R4131D, R4131DN

The description of product outline views, screen displays, etc. in this
manual refers to the R4131B unless otherwise clearly indicated.

All information contained in this manual that refers to the R4131 or the
equipment is common to each of the R4131A/AN/B/BN/C/CN/D/DN.

In several parts of this manual, the term ATT. refers to "attenuator."

Preface Oct 20/89
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6. GPIB Connection and Programming

GPIB CONNECTION AND PROGRAMMING

This equipment features the measurement bus GPIB (General Purpose
Interface Bus), which conforms the IEEE Standards 488-1978, as standard
equipment to enable full remote control by an external controller.
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6.1 Outline of GPIB

6.1 Outline of GPIB

The GPIB is an interface system which can connect a measuring instrument
to a controller and its peripheral equipment, etc. with a simple cable
(bus line). Compared with conventional interfacing methods, it has
excellent expandability, is easy to use, and is compatible with products
of other companies electrically, mechanically, and functionally. This
allows versatile confiquration from a simple system to a high-level
automatic measuring system with one bus cable.

In the GPIB system, it is first necessary to preset an "address" of
separate component equipment connected to its bus line. These equipment
can perform one or two of three roles —-- controller, talker (speaking
party), and listener (listening party).

During the system operation, only one talker can send data to the bus line
and a multiple listeners can receive the data. The controller specifies
the address of a talker and listener to transfer data from the talker to
listener, or the controller itself (a talker in this case) sets measuring
conditions, etc., of the listener.

For data transfer between equipment, the GPIB system uses eight data lines
of bit parallel and byte serial types and also transmits data in both
directions asynchronously. Being an asynchronous system, high speed
devices and low speed ones can be connected to each other.

The data (messages) exchanged between devices consists of measuring data,
measuring conditions (programs), and various commands. The system uses
the ASCII code.

In addition to the above eight data lines, the GPIB provides three

handshaking lines to control sending and receiving asynchronous data, and
five control lines to control the flow of data on bus lines.
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6.1 Outline of GPIB

Data lines (8)
Transmission control liens (3)

Bus control lines (5)————\\ IFC, ATN, SRQ,

N\ REN, EOI
0 < ) REN.

GPIB L LL \\ | l\\ | \ DAV, NRFD,
buses | [T | [T1 LT ] v NDAC

OO Oy Ug g

Interface Interface Interface Interface
Control, (Talk and (Talk) (Listen)
télk' and listen)

listen

Equipment A Equipment B Equipment C Equipment D

Figure 6-1 Outline of GPIB

e The following signals are used for handshaking lines:

This is a signal to indicate that the data

is valid.

NRFD (Not Ready For Data): This is a signal to indicate that the data
is ready for receiving.

NDAC (Not Data Accepted) : This is a signal to indicate that the data

reception is completed.

DVA (Data Valid)

e The following signals are used for control lines:
ATN (Attention) This is a signal used to distinguish that

the signal on the data line is either

address or command, or some other data.

This is a signal to clear the interface.

This is a signal used when the data transfer

ends.

SRQ (Service Request) : This is a signal used to request a service
from any equipment to the controller.

REN (Remote Enable) : This is a signal used when remote
programmable equipment is controlled
remotely. ‘

o

IFC (Interface Clear)
EQI (End or Identify)

LYY
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6.2 Standards

6.2 Standards
6.2.1 GPIB Specifications
Conformed standards :

Code used
Logical level

e

Signal line termination:

IEEE Standards 488-1978

ASCII code, or binary code for packed format
Logical 0 ™"High" status More than +2.4 V
Logical 1 "Low" status Less than +0.4 V
16 bus lines are terminated as shown below:

VW
o
\

Driver
4
- =/
Bus line
' %6. 2kQ D
Receiver
Figure 6-2 Signal Line Termination

Driver specification :

Receiver specification:

Length of bus cable

Address specification

Connector

Open collector type

Output voltage under the "Low" status

.o+ 48 mA at +0.4 V or less

Output voltage under the "High" status

«es =5.2 mMA at +2.4 V or more

"Low" status at +0.6 V or less

"High" status at +2.0 V or more

The length of each cable should be less than
4 m and the total length of all bus cables
(the number of equipment connected to buses x
2) should not exceed 20 m.

31 types of TALK address/LISTEN addresses can

"be set freely using the ADDRESS switch on the

rear panel.

After changing over to the ADDRESS switch,
turn OFF the POWER SW once and then ON again.
24~-pin GPIB connector
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6.2 Standards

/@\ 24-pin GPIB Connector

Signal name |Pin No. Pin No.| Signal name
GND LOGIC 24 —ﬁ\/ﬂ/—— 12 SHIELD
GNE (ATN) 23 ‘%’%’ 11| AN
GND (SRQ) 22 10 SRQ
GND_(IFC) 21 R 9 | IFC
GND  (NDAC) 20 m% 8 NDAC
GND (NRFD) 19 7 NRFD
GND (DAV) 18 %% 6 DAV
REN 17 gcﬁ 5 EOI
DI0 8 16 = 4 | Do 4
DID 7 15 B 3 DIO 3
DI0 6 14 3 b 8 2 Dio 2
DID 5 13 | — \JJ T 1 DIO 1

Figure 6-3 GPIB Connector Pins Assignment Diagram

6.2.2 Interface Function

Table 6-1 Interface Function

Code Function and explanation

SH1 Source handshaking function

AH1 Acceptor handshaking function

T6 Basic talker function, serial polling function, and talker releasing
function by listener specification

L4 Basic listener function and listener releasing fuaction by talker
specification

SR1 Service requesting function

RL1 Remote function

PPO No parallel function provided

DC1 Device clearing function provided

DT1 Device triggering function provided

co No controlling function provided. However, the controller function
is enabled when the plotter is used.

E1 Open collector and bus driver used. However, E2 is used for EOI and
DAV (three-state bus driver used).
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6.3 GPIB Handling Method

6.3 GPIB Handling Method

6.3.1

(1)

(2)

(3)

(4)

6.3.2

For Connection to Component Devices

Since the GPIB system is composed of multiple devices, prepare the
entire system while paying attention to the following points
especially.

Before connection, check the condition and operation of each device
according to the operation manual for R4131, controller and other
peripheral devices, etc.

Do not make any bus cable connected to each measuring instrument and
controller, etc., unnecessarily long. The length of each cable should
be less than 4 m and the total length of all bus cables (the number of
devices connected to buses x 2) should not exceed 20 m. ADVANTEST
provides standard bus cables as shown in Table 6-2.

Table 6-2 Standard Bus Cables (To Be Purchased Separately)

Length Name

0.5 m |408JE-1P5
1 m |408JE-101
2 m 408JE-102
4 m |408JE-104

Bus cable connectors are of a piggy back type. Male and female
connectors are provided for one connector, which can be used one over
the other. Do not pile up three or more connectors when connecting

cables. Also, be sure to screw connectors tightly with setscrews.

Before turning ON the power of the devices connected to the bus lines,
check their power supply conditions, grounding status, and setting
conditions, too, when necessary. Be sure to set the power of each
component unit to ON. If any of them is not set to ON, the overall

operation cannot be guaranteed.

Setting of ADDRESS Switch

The rear panel of this equipment has a ADDRESS switch (Figure 6-4)
used to set addresses on the GPIB. By setting bits 1 (the right end)

to 5 to & or 1, addresses can be set from 0 to 30.

Set the ADDRESS switch before turning on the power.
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6.3 GPIB Handling Method

The relationship between this ADDRESS switch and GPIB addresses is
shown in Table 6-3.

Table 6-3 Setting of ADDRESS Switch

GPIB Bit GPIB Bit GPIB Bit
address | 5 4 3 2 1| address |5 4 3 2 1| address| 54 3 21
0 00000O0
1 00001 1 01011 21 10 1 0‘1
2 00010 12 01100 22 10110
3 00011 13 01101 23 101 11
4 00100 14 01110 24 11000
5 00101 15 01111 25 11001
6 00110 16 10000 26 11010
7 00111 17 10001 27 11011
8 01000 18 10010 28 11100
9 01001 19 10011 29 11101
10 01010 20 10100 30 11110
(1st bit)
ADDRESS
1
54 3 2 1
| o

Figure 6-4 ADDRESS Switch

6.3.3 Programming

Programming for GPIB covers the sending of GPIB command codes and data
to equipments to be connected, reading of data from devices, execution
of bus commands, and I/0 commands, e.g., serial polling, etc. The
arithmetic operation and others shall conform to the program
generating procedure in the controller.

The format of GPIB commands to any equipments and I/0 statements of
data have the configuration as follows:

I/0 Part Unit Address : I/0 Command, Code, and Data

6 - 7 Oct 20/89




R4131 SERIES
SPECTRUM ANALYZER ~
INSTRUCTION MANUAL -

6.4 Setting of Each Function

6.4 Setting of Each Function

This equipment may be put under remote control for all functions using the
GPIB controller.

This section describes the setting of each function of this equipment
referring to program examples using a desk-top computer, HP Corporation's
HP200/300 series.

Program examples are all assumed to be set from their initial status.

Example 6-1: Setting the Center Frequency to 500 MHz and
Frequency Span to 2 MHz

HP200, 300 Series
QUTPUT 7 01 ; “SP 2MZ CF 500MZ *
[ s
Center frequency is made active.
2 MHz _
Frequency span is made active.
This equipment (GPIB address 0l1) is specified as LISTENER.-
Interface selector (GPIB)
— The controller is specified as TALKER.
When programmed and executed as above, this equipment is set to 500 MHz in
center frequency and 2 MHz in frequency span.
CF, SP, and MZ, etc. in the program are all GPIB commands to control this ~—
equipment.
Since these commands correspond to keys of this equipment, the programming
can be made in the order of pressing keys on the panel.
See Section 6.9 for a list of GPIB codes.
~—
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6.4 Setting of Each Function

(1)

Setting of Center Fregquency

There are two methods available for the setting of center frequency
using the GPIB.

One is to make the center frequency increase (or decrease) step by
step using the data knob setting command, and, while reading its value
sequentially, it is repeated until the frequency is set to the target
value. The other method is to set the value of frequency directly.

When the Center Frequency Is Set Using the Command for Setting the
TUNING Knob

Example 6-2: Setting the Center Frequency to 1 GHz

HP200/300 Series

10 OUTPUT 701; "SP 1GZ"
20 OUTPUT 701; "OPCF"
30 ENTER 701;F

40 1IF F=1E9 THEN 70

50 ouTpUT 701; "CD"

60 GOTO 30

70 IF F=1E9 THEN 100

80 ouTrpuT 701; "CU"

90 GOTO 30

100 END

Line Meaning
No.
10 Sets the frequency span to 1 GHz.
20 Instructs this equipment to output the value of the center frequency.
See the OP Command in 6.5.1.
30 Reads the value of the center frequency.
40 Branches to line No. 70 when the read data is smaller than or equal to
1 x 109 (Hz).
50 Sends the command to turn the data knob counterclockwise for 1 step of
COARSE.
60 Returns to line No. 30.
70 Branches to line No. 100 when the read data is equal to 1 x 109 (Hz).
80 Sends the command to turn the data knob clockwise for 1 step of COARSE.
90 Returns to line No. 30.
100 End of program

Note: Note that the set resolution of the center frequency becomes
coarse and the center frequency cannot be set to the desired
value when the frequency span is wide.
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6.4 Setting of Each Function

(2) When the Value of Center Frequency is Set Directly
Example 6-3: - Setting the Center Frequency to 1 GHz Directly
HP200/3Q0 Series

10 OUTPUT 701: "CF1GZ"
20 END

Line

No. Meaning

‘10 Sets the center frequency to 1 GHz.
20 End of program
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6.4 Setting of Each Function

(1

Setting of Frequency Span

There are two methods available for the setting of the frequency span
using the GPIB. One is to make the frequency span wider or narrower
in 1-2-5 steps using the command (NR and WD) corresponding to thae key
on the front panel. The other method is to set the value of the
frequency span directly.

When Using the Command Corresponding to the Key on Front Pansl

Example 6-4: Setting the Freguency Span to 20 MHz
HP200/300 Series

10 OUTPUT 701; "OPSP"
20 ENTER 701;S

30 1IF S<=20E6 THEN 60
40 OUTPUT 701; "NR"
50 GOTO 20

60 IF S=20E6 THEN 90
70 OUTPUT 701; "WD"
80 GOTO 20

90 END

Line

No. Meaning

10 Instructs this equipment to output the set value of frequency span.
Sends the command SP of the SPAN key to light the LED on the k=ay.

20 Reads the data (the value of the frequency span).

30 Branches to line No. 60 when the read data is smaller than or equal
to 20 x 106 (Hz). '

40 | Sends the command for [©<)}of this equipment to make the frequency
span narrower by 1 stepd.

50 Returns to line No. 20.

60 Branches to line No. 90 when the read data is equal to 20 x 106
(Hz) .

70 | Sends the command for [©2] of this equipment to widen the frequency
span by 1 step.

80 Returns to line No. 20.

90 End of program
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6.4 Setting of Each Function

(2) When the Value of Frequency Span Is Set Directly

Example 6-5: Setting the Frequency Span to 20 MHz Directly
HP200/300 Series

10 OUTPUT 701; "SP20MZ"
20 END

Line

Meanin
No. eaning
10 Sets the frequency span to 20 MHz.
20 End of program

When the frequency span is set directly, do it using the codes given
in the table below. .

Frequency Span Set Value Codes

Code SPAN Code SPAN Code SPAN

SP50Kz 50 kHz
SP100KZ | 100 kHz |SP10MZ 10 MHz | SP1GZ 1 GHz
SP200KZ | 200 kHz | SP20MZ 20 MHz | SP2GZ 2 GHz
SP500KZ | 500 kHz | SP50MZ 50 MHz | SP4GZ 4 GHz

SP1MZ 1 MHz |SP100MZ |100 MHz | ZS ZEROSPAN
SP2MZ 2 MHz |SP200MZ |200 MHz
SP5M2 5 MHz | SP500MZ |500 MHz

6.4.3 Setting of Reference Level

There are two methods available for setting the reference level using
the GPIB.

One is to set the reference level up and down using the command (LU,
LD, or FC) corresponding to the key on the front panel to set it to
the desired value. The other method is to set the value of the
reference level directly.

Note that the set range of the reference level narrows according to
the set value of the input attenuator.
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6.4 Setting of Each Function

(1) When Using the Command Corresponding to the Key on Front Panel

Example 6-6: Setting the Reference Level to -30 dBm
HP200/300 Series

10 OUTPUT 701; "OM"
20 ENTER 707 USING "#%,B";A1,A2,A3,A4,A5,A6,A7
30 IF A4=1 THEN 50
40 OUTPUT 701; “"FC"
50 OUTPUT 701; "OPRL"
60 ENTER 701; L
70 IF L<=-30 THEN 100
80 OUTPUT 707; "LD"
90 GOTO 60
100 IF L=-30 THEN 130
110 OUTPUT 701; "LU"
120 GOTO 60
130 END

Line

No. Meaning

10 Instructs the equipment to output the mode string.

20 Reads the mode string.

30 Incorporates a numeric value which indicates the setting COARSE or
FINE that the reference level setting switch sets to the numerical
variable A4. (COARSE = 0, FINE = 1)

Branches to line No. 50. :

40 Sends the COARSE/FINE SELECTION key command.

50 Instructs this equipment to output the set value of the reference

level.

60 Reads the data.

70 Branches to line No. 100 when the read data is less than or equal to
-30 (dBm).

80 |Sends the command of the REFERENCE LEVEL DOWN key [Z] to lower the
reference level by 1 step.

90 Returns to line No. 60.

100 Branches to line No. 130 when the read data is equal to -30 (dBm).
110 | Sends the command of the REFERENCE LEVEL UP key [<=] to raise the
reference level by 1 step.

120 | Returns to line No. 60.

130 End of program

Note: See the mode string in 6.5.3.
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6.4 Setting of Each Function

(2)

When the Value of the Reference Level Is Set Directly
Example 6-7: Setting the Reference Level to -30 dBm Directly
HP200/300 Series

10 OUTPUT 701: "RL-30DM"
20 END

Line

Meanin
No. 9
10 Sets the reference level to -30 dBm.
20 End of program
6.4.4 Setting of Marker

(1)

There are two methods available for setting the marker.

One is to increase or decrease the marker frequency step by step using
the command for the data knob setting, and while reading its value
sequentially, this is repeated until the marker is set to the desired
value. The other method is to set the value of the marker frequency

directly.

When Using the Command Corresponding to the Data Knob
Example 6-8: Setting the Marker Frequency to 1 GHz
HP200/300 Series

10 ouTpUT 701; "M1"
20 OuUTPUT 701; "OPMF"
30 ENTER 701;M

40 1IF M<=1E9 THEN 70
50 ouTPUT 701; "FD"
60 GOTO 30

70 IF M=1E9 THEN 100
80 ouTpUT 701; "FU"™
90 GOTO 30

100 END

6 - 14 Oct 20/89



R4137 SERIES
SPECTRUM ANALYZER
INSTRUCTION MANUAL

6.4 Setting of Each Function

Line
No.

Meaning

10 Displays the marker.

20 Instructs this equipment to output the value of the marker frequency.
30 Reads the value of the marker frequency.

40 Branches to line No. 70 when the read data is smaller than or equal
to 1 x 109 (Hz).

50 Sends the command to turn the data knob counterclockwise for 1 step
of FINE.

60 Returns to line No. 30.

70 Branches to line No. 100 when the read data is equal to 1 x 109

(Hz) .

80 Sends the command to turn the data knob clockwise for 1 step of FINE.
90 Returns to line No. 30.

100 End of program

(2) When the Value of Marker Frequency Is Set Directly
Example 6-9: Setting the Marker Frequency to 1 GHz Directly
HP200/300 Series

10 OuTPUT 701; "MKI1G2Z"
20 END

Line Meanin
No. 9

10 Sets the marker frequency to 1 GHz.
20 End of program
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6.4 Setting of Each Function

6.4.5 Setting of Resolution Band Width

There are two methods available for setting the resolution band width

using the GPIB. One is to set it by making the resolution wide or

narrow as in step 1.3, using the command (RB, NR, or WD) corresponding

to the key on the front panel. The other method is to set the
resolution band width directly.

(1) When Using the Command Corresponding to the Key

Example 6-10: Setting the Resolution Band Width to 10 kHz

HP200/300 Series

10 OUTPUT 701; "OPRBRB"
20 ENTER 701; R

30 IF R<=1E4 THEN 60

40 OUTPUT 701; "NR"

50 GOTO 20

60 IF R=1E4 THEN 90

70 OUTPUT 701; "WD"

80 GOTO 20

90 END

Line i
No. Meaning
10 Instructs this equipment to output the value of the resolution band
width. Sends the RBW key command.
20 Receives the data (the value of the resolution band width).
30 Branches to line No. 60 when the read data is smaller than or equal
to 1 x 104 (Hz).
40 |Sends the command of <] to make the resolution band width narrower
by 1 step.
50 Returns to line No. 20.
60 Branches to line No. 90 when the read data is equal to 1 x 104
(Hz).
70 Sends the command of to widen the resolution band width by 1
step.
80 Returns to line No. 20.
90 End of program
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6.4 Setting of Each Function

(2) When the Resolution Band Width Is Set Directly
Example 6-11: Setting the Resolution Band Width to 10 kHz Directly
HP200/300 Series

10 OUTPUT 701; "RB10KZ"
20 END

Line

Meanin
No. g

10 Sets the resolution band width to 10 kHz.
20 End of program

When the value of the resolution band width is set directly, do it
using the codes shown in the table below.

Resolution Band Width Set Value Codes

Code Resolution band width | Code Resolution band width
RB1KZ 1 kHz RB100KZ 100 kHz

RB3K2Z 3 kHz RB300KZ 300 kHz

RB10KZ 10 kHz RB1MZ 1 MHz

RB30KZ 30 kHz

In addition, this equipment can automatically set the resolution band
width and sweep time to the optimum value, respectively, according to
the frequency span as shown in the following example:

Example 6-12: Making the Resolution Band Width into
the Automatic Setting Mode

HP200/300 Series

10 OUTPUT 701: "BA"
20 END

Line

Meanin
No. 9

10 Sends the AUTO key command to this equipment.
20 End of program
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6.4 Setting of Each Function

6.4.6 Setting of VIDEO FiLTeR Band Width

There are two methods available for setting the VIDEQ FiLTeR band
width using the GPIB. One is to set it by making the VIDEO FiLTeR
band width narrower or wider step by step using the command (VU or VD)
corresponding to the key on the front panel. The other method is to
directly set the value of VIDEO FiLTeR band width.

(1) When Using the Command Corresponding to the Key

Example 6-13: Setting the VIDEO FiLTeR band width to 100 Hz

HP200/300 Series

10 OUTPUT 701; "OPVEF"
20 ENTER 701;V

30 IF V<=1E2 THEN 60
40 OUTPUT 701; "vD"
50 GOTO 20

60 IF V=1E2 THEN 90
70 OUTPUT 701; "vUu"

80 GOTO 20
90 END
Line i
Meanin
No. 9
10 Instructs this equipment to output the value of VIDEO FiLTeR band
width.

20 Reads the data.

30 Branches to line No. 60 when the read data is smaller than or equal
to 1 x 102 (Hz).

40 Sends the VIDEO FILTER DOWN key [] command to lower the set value of
VIDEO FiLTeR band width by 1 step.

50 |[Returns to line No. 20.

60 Branches to line No. 90 when the read data is equal to 1 x 102
(Hz) .

70 Sends the VIDEO FILTER UP key [] command to raise the set value of
VIDEO FiLTeR band width by 1 step.

80 Returns to line No. 20.

90 End of program
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6.4 Setting of Each Function

(2) When the Value of VIDEO FiLTeR Band Width Is Set Directly

Example 6-14: Setting VIDEO FiLTeR band width to 100 Hz Directly

HP200/300 Series

10 ourpuT 701; "VF 100HZ"
20 END

Lin .
€ Meaning
No.

10 Sets the VIDEO FiLTeR band width to 100 Hz.
20 End of program

When the value of VIDEO FiLTeR band width directly, do it using the
codes shown in the table below.

VIDEO FiLTeR Band Width Set Value Codes

Code Value of VIDEO FiLTeR Band Width

VF10Hz 10 Hz

VF100Hz 100 Hz

VF1KZ 1 kHz
VF10K2 10 kHz
VF100KZ 100 kHz
VF300K2 300 kHz
VF1MZ 1 MHz

6.4.7 Setting of Sweep Time (SWEEP TIME/DIV)

There are two methods available for setting the sweep time using the
GPIB. One is to set the sweep by making it long (or short) in steps
of 1-2-5 using the command (TU or TD) corresponding to the key on the

front panel. The other method is to set the sweep time directly.
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6.4 Setting of Each Function

(1) When Using the Command Corresponding to the Key

Example 6-15: Setting the Sweep Time to 200 ms/DIV.

HP200/300 Series

10 OUTPUT 701; "OPST"
20 ENTER 701;T

30 IF T<=0.2 THEN 60
40 ouTPUT 701; "TD"
50 GOTO 20

60 IF T=0.2 THEN 90
70 OUTPUT 701; "TU"
80 GOTO 20

90 END

Line .
No. Meaning
10 Instructs this equipment to output the value of the sweep time.
20 Reads the data (the value of the sweep time).
30 Branches to line No. 60 when the read data is smaller than or equal
to 0.2.
40 Sends the TIME/DIV DOWN key [¢] command to lower the sweep time by 1
step (to speed up the sweeping).
50 Returns to line No. 20.
60 Branches to line No. 90 when the read data is equal to 0.2.
70 Sends the TIME/DIV key [0 command to raise the value of the sweep
time by 1 step (to slowdown the sweeping).
80 Returns to line No. 20.
90 End of program
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(2) When the Sweep Time Is Set Directly
Example 6-16: Setting the Sweep Time to 200 ms/DIV Directly
HP200/300 Series

10 OUTPUT 701: "ST200MS"
20 END

Line

Meanin
No. e

10 Sets the sweep time to 200 ms/DIV.
20 End of program

When the value of the sweep time is set directly, do it using the
codes shown in the table below.

Sweep Time Set Value Codes

Code Sweep time || Code Sweep time
ST5MS 5 ms/ ST500MS 500 ms/
ST10MS 10 ms/ ST1S 1 s/
ST20MS 20 ms/ ST2S 2 s/
ST50MS 50 ms/ ST5S 5 s/
ST100MS 100 ms/ ST10S 10 s/
ST200MS 200 ms/ ST20S 20 s/

ST50S 50 s/
ST100S 100 s/
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6.5 Output of Setting Conditions

6.5 Output of Setting Conditions

To make the system output the set data of measurement parameters, call it
directly using the "OP" command, or make it output the mode strings to

detect it.

6.5.1 "Op" Command

When making the measurement parameter output directly, use the "OP"
command (Output Interrogated Parameter).

Following the "OP" command, the OP parameter code of the set data to
be output is sent to this equipment.

The OP parameters of this equipment are shown below.

OP Parameter Codes

Code

Parameter output

AT
CF

MF
ML

RL
SP
ST
VF
PL

OB |

ATTENUATOR

CENTER FREQUENCY

MARKER FREQUENCY

MARKER LEVEL

RESOLUTION BAND WIDTH
REFERENCE LEVEL

FREQ SPAN

SWEEP TIME

VIDEO FILTER BAND WIDTH
DISPLAY LINE

OCCUPIED BAND WIDTH (for R4131B/D + OPT 04
and R4131B/D + OPT 14 only)

Program examples to output the set data are given below.

6 - 22

Oct 20/89



R4131 SERIES
SPECTRUM ANALYZER
INSTRUCTION MANUAL

6.5 Output of Setting Conditions

Example 6-17: Setting the Value of the Center Frequency and Reference
Level, and Making These Data Display by Reading It trom
This Equipment

HP200/300 Series

10 OUTPUT 701; "CF470MZ"
20 OUTPUT 701; "RL-30DM"
30 OuTPUT 701; "OPCF"

40 ENTER 701; F

50 OUTPUT 701; "OPRL"

60 ENTER 701; L

70 DISP F,L

80 END

Line ’ Meaning
No.

10 Sets the center frequency to 470 MHz.
20 Sets the reference level to -30 dBm.
30 Instructs this equipment to output the set data of center frequency.
40 Reads the data and fetches it to variable F.
50 Instructs this equipment to output the set data of the reference
level.
60 Reads the data and fetches it to variable L.
70 Displays the value of variables F and L.
The value is displayed as "470000000 -30" in this example.
80 End of program .

After the execution of the above program, the "470000000 -30" is
displayed on the screen.

6.5.2 Format of Output Data

The format of the output data by the "OP" command is as shown below:

H . DDDDDDDD.DDE+D  CRLF

' L_ L—-Block delimiter (See Table 6-~14.)
Data (Example: 00470000E + 3)
Code of data Positive: Space "_"

Header (Example: CF) Negative: -

The data output from this equipment is all output in this format
excluding the trace data and status byte. Since the total number of
bytes of data is 17 bytes, make an array declaration with more than 17
bytes when the data is input as a character array variable from the

GPIB controller, etc.
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6.5 Output of Setting Conditions

(1)

The header in the head of output data indicates the type of data and
it varies according to the data to be output. See Item (1).

The header may be omitted when not required. The header is set to OFF
by the "HD 0" command and to ON by the "HD 1" command.

Header set examples are given below:

Header

The header in the head of output data indicates the type of data, and
it varies according to the data to be output.

The table below shows the relation between the output data and header.

Relation Between Output Data and Header

Type of output data Header

CENTER FREQUENCY CF
SPAN SP
REFERENCE LEVEL | dBm DM
dBu DU
dBu/m VM

LINEAR LV

dBmV DO

SWEEP TIME/DIV sT
RESOLUTION BAND WIDTH RB
VIDEO FILTER VF
ATT AT
MARKER FREQUENCY MF
LEVEL dBm MM

dBu MU

dBu/m ME

LINEAR ML

dBmV . MQ

The header may be omitted when not required.

The header is set to OFF by the "HD 0" command and to ON by the "HD 1"
command. Header set examples are given below:
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Example 6-18: Setting the Header to OFF and Fetching the Value of
Center Frequency as a Character String. Next, Setting
the Header to ON and Fetching the Value of Center
Frequency as a Character String.

HP200/300 Series

10 DIM A$[17]
20 ouTpUT 701; "HDO OPCE"
30 ENTER 701; A$

40 PRINT A$

50 OUTPUT 701; "HD1"

60 ENTER 701; A$

70 PRINT A$

80 END

Line .
No. Meaning

10 Declares the length of character string A$ to be 17 characters.
20 Sets the header of output data of this equipment to OFF. Also,
instructs this equipment to output the value of the center fragueacy.
30 Reads the data and fetches it to character string variable A$.
40 Displays the value of character string variable AS$.

When the center frequency is 400 MHz, for instance, the value is
displayed as " 00400000.00E+3".

50 Sets the header of output data of this equipment to ON.

60 Reads the data and fetches it to character string variable AS$.
70 Displays the value of character string variable AS$.

When the center frequency is 400 MHz, the value is displayed as
"CF.00400000.00E+3 ".

80 End of program

6 - 25 Oct 20/89




R4131 SERIES
SPECTRUM ANALYZER
INSTRUCTION MANUAL

6.5 Output of Setting Conditions

(2) Block Delimiter

The block delimiter indicates the end of signal.

This equipment provides four types of block delimiters as shown in the
table below.

Block Delimiter Specified Codes

Code Block delimiter

DL 1 |Outputs the 1-byte code of "LF".

DL 2 |Outputs the last byte of data and single-wire signal "EOI"
at the same time.

DL 3 |Outputs the 2-byte codes of "CR" and "LF".

DL 0 [Outputs the 2-byte codes of "CR" and "LF". Also, outputs
the single-wire signal "EOI" simultaneously with "LF".

When a command or data is sent from the GPIB controller, etc., to this
equipment, it accepts the command or data, if the sent command or data
is applicable to either one of the above-mentioned block delimiters.
When the block delimiter is not applicable to either one of the above
four types, the GPIB of this equipment will not operate normally.

When data is fetched from this equipment, the block delimiter of this
equipment must be set to that of the data receiving side (GPIB
controller, etc.). Select either one of the above four types.

The block delimiter can be changed to a different type of block
delimiter by sending the appropriate command for the desired block
delimiter from the GPIB controller.

The block delimiter of this equipment is set to DL 3 at power ON.
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6.5.3 Mode String

The set value of center frequency and frequency span of this equipment
can be output the "OP" command. The setting status of the other keys
(e.g., INPUT ATTENUATOR key, etc.) can be checked by the mode string
when output.

The mode string is composed of seven bytes of binary code. Each byte
indicates the setting status of each function of this equipment.

When the mode string is to be output, use the "OM" (OUTPUT MODE
STRING) command. When this command is sent, this equipment outputs
the mode string when it is specified to TALKER.

When the mode string is output, the delimiter of the data adds the EOI
of the single-wire signal to the last byte (the seventh byte). The CR
and LF codes are not used.

The meanings of each byte of the mode string and the functions to be
read are as follows:

1st byte: Setting status of MIN INPUT ATTENUATOR
2nd byte: Setting status of 10 dB/, 2 dB/, 5 dB/, LINEAR switches
3rd byte: Setting status of the unit (UNITS switch) of the reference

level
4th byte: Setting of reference level FINE/COARSE SELECTION switch

5th byte: Setting status of trigger mode
6th byte: Definition of whether the setting of data knob is CENTER

FREQ or MARKER
7th byte: Definition of whether the AFC mode is ON or OFF
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Mode String

Byte # 7 68;t4u§age1 0 Sziizal Description
1 000000O00OD 0 INDUT ATTENUATOR: 0 8B
000000O0O01 1 10 dB
0000O00O0T1TO0 2 20 dB
000000 11 3 30 4B
00000100 4 40 dB
00000101 5 50 dB
2 00000O0O0O0O0 0 Tube surface ordinates 10 dB/D1IV
00000001 1 axis display: 2 dB/DIV
0000O0O0OT1DO0 2 5 dB/DIV(QP)
0000001 1 3 ‘ LINEAR
3 000000O00O0 0 Display unit of dBm
00000001 1 REFERENCE LEVEL: aBu
00000010 2 dBu/m(A)
0000O0O0T1 1 3 dBu/m(B)
0000017100 4 dBu/m(C)
00000101 5 dBu/m (D)
00000110 6 mnv, uv
000001 11 7 dBmv
4 00000O0O0O0 0 REFERENCE LEVEL: COARSE
000000O0O0" 1 FINE
5 0000O0O0O0C0O 0 TRIGGER MODE: FREE RUN
00000001 1 LINE
00000O0T1T0 2 VIDEO
00000011 3 SINGLE
6 000000O00O0 0 DATA KNOB: MARKER
000000O0O0?1 1 CF
7 00000O0OCO 0 AFC: OFF
_0 0000001 1 ON
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Example 6-19:
String Output

HP200/300 Series
10 DIM M(6)

20 OUuTPUT 701; "OM"
30 ENTER 701 USING

II#' B",‘ M(*)
40 DISP M(0)
50 END

Detecting the Value of Attenuator by Making the Mode

Line .
No. Meaning
10 Secures 7 bytes for variable M.
20 Specifies the output of the mode string.
30 Fetches the mode string.
40 Displays the 1st byte (ATTENUATOR) of the mode string.
50 End of program
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6.6 Input/Output of Trace Data

6.6 Input/Output of Trace Data

This equipment can output the trace data (waveform displayed on the
screen). It also can input the same data from outside. This function makes
it possible to analyze and arithmetically process the waveform data using

the controller.

The trace data on the screen of this equipment is composed of 701 points of
data on the frequency axis (horizontal axis). For input/output of the trace
data, this 701-point data is input or output from the left (lower ones in
frequency) sequentially. The trace data of each point is expressed with
integers from 0 to 511 (Figure 6-5).

S11+4
470+
S -
[
ro ——
;
8 L ﬂ
+
: I
y i
: [\
=
E L
g
>
[ % |
701
1]
1 71 141 211 281 351 421 491 561 631 701

Number of points of data

Figure 6-5 Correlation Between Screen Grids and Trace Data

The input/output of trace data can be made in two forms, ASCII code and
binary code. Of the two, the ASCII code is convenient when data is input or
output point by point. When the data is input or output for one screen (701
points) all together, the binary code is faster in finishing the

processing. Use these two ways case by case.
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6.6 Input/Output of Trace Data

(M)

Output of Trace Data

The "OP" command is used for the output of trace data. When the
parameter code is sent in succession to the "OP" command, the desired
trace data can be output. For the parameter codes of trace data, see

the table below.

Trace Data Parameter Codes

Code Data to be input or output Type of data

TAA Trace data of VIEW screen memory ASCII code

TAW Trace data of WRITE screen memory

TBA Trace data of VIEW screen memory Binary code

TBW Trace data of WRITE screen memory

Method to Output the Trace Data with ASCII Code

OuTPUT 701; "OPTAW"

When this program is executed, this equipment outputs the trace data
of the WRITE screen memory with the ASCII code when it is specified to
TALKER.

ENTER 701; A

When this program is executed, the trace data for one point is fetched

" to variable A. When the same ENTER statement is executed, the trace

data of the second point, third point ... can be obtained sequentially.

The data format at this time is expressed in 4-digit numerics with no
header as shown below:

DDbD CRLF
L— Block delimiter
L Trace data (for one point: 0511 for

instance)

When the trace data is fetched as a character string variable, declare
the array by setting the length of the character string variable used
to more than 4 bytes.
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6.6 Input/Output of Trace Data

A program example to output the trace data with ASCII code

Example 6-20: Output the trace data in memory with ASCII code, and
store in array variable.

HP200/300 Series

170 DIM A(700)

20 OUTPUT 701; "OPTAW"
30 FOR I=0 TO 700

40 ENTER 701; A(I)

50 NEXT I

60 END

Line

No. Meaning

10 Declares array variable A(I) up to 701 points.

20 Instructs this. equipment to output the trace data of the WRITE
screen memory with the ASCII code.

30 Instructs this equipment to vary variable I from 0 to 700 one by
one. (The loop is repeated 701 times.)

40 Reads the trace data for one point and stores it in array variable
A(I).

50 Increments variable I by 1 only, and returns to line No. 40 when I<
700, but runs on to the next line when I = 700.

60 End of program

(2)

Method to Output Data with the Binary Code

OUTPUT 701; "OPTBW"

When this program is executed, this equipment outputs the trace data
of the WRITE screen memory with the binary code when it is specified
to TALKER. Since 701 points of trace data (for 1 screen) 1is output
all together at this time, the controller side should be ready to
input the 701 points of data at the one time. Also, since the EOI
signal is specified to the delimiter when the data is output with the
binary code, the controller side should continue the data input until
the EOI signal can be detected.
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6.6 Input/Output of Trace Data

The data output format with the binary code is shown below:

L‘éﬁg ;ggsi byte in the L‘ Low orde? byte in the
. . 701lst point. The EOI
High order byte in the is added to it as
2nd point delimiter.
Low order byte in the lst point

— High order byte in the lst point

One point of data consists of 9 bits in the binary code.

Consequently, one point of data is expressed in 2 bytes which are
divided into high order byte and low order byte. When the data is
output to the GPIB, the upper byte in the first is output first and
then the low order byte in the first point, followed by the high order
byte in the second point and so forth, and lastly the low order byte
in the 701st point.

Example 6-21: The trace data in the memory is output with the binary
code to be stored in an array variable.

HP200/300 Series

10 DIM A(700)

20 OUTPUT 701; "OPTBW"

30 FOR I=0 TO 700

40 ENTER 707 USING "#,W"; A(I)
50 NEXT I

60 END

Line i
No. Meaning

10 Declares numeric array variable A(I) for as many numbers as required.
20 Instructs this equipment to output the trace data in the WRITE

screen memory with the binary code.

30 Instructs this equipment to vary variable I from 0 to 700 one by

" |one. (The loop is repeated 701 times.)

40 Fetches 2-byte binary data, converts it into decimal data, and
stores it in numeric array variable A(I). Then, increments variable
50 I by 1 only. When I is < 700, the program execution returns to the
preceding line. When I = 700, it proceeds to the next line.

60 End of program. (Usually, the trace data execution program is input

after this.)
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6.6.2 Input of Trace Data

The "IN" command is used to input the trace data in R4131. When the
parameter code of trace ¢ode is sent to this equipment after the "IN"
command, the desired trace data can be input. The parameter code of
trace data used for this input is the same as the code used in its

output.

(1) Method to Input the Trace Data with the ASCII Code
OUTPUT 701; "INTAA"

When programmed and executed like this, this equipment enters the
input mode of the trace data. When the data is sent to this equipment

with the ASCII code after this, that data is stored in the first point
of the VIEW screen memory.

When the data is sent further, the trace data is set to the second
point, third point ... in the memory, sequentially.

If any data other than the trace data is sent to the equipment under
this status, this equipment automatically exits from the trace data
input mode and returns to its routine status.

The data format is the same as that when the data is output with the
ASCII code.

A program example to input the trace data with the ASCII code

Example 6-22: The trace data is assumed to be provided in numeric
array variable A(I). The data in A(I) is then input to
the VIEW screen memory of this equipment with the ASCII

code.

HP200/300 Series

100 OUTPUT 701; "INTAA"
110 FOR I=0 TO 700

120 OUTPUT 701; INT(A(I))
130 NEXT I

140 END
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Line

No. Meaning

100 Instructs this equipment to receive the trace data to the VIEW
screen memory with the ASCII code.

110 Instructs this equipment to vary variable I from 0 to 700, one by
one. (The loop is repeated 701 times.)

120 Converts the data in array A(I) into integers and sends it to this
equipment.

130 Increments the value of variable I by t only. When I < 700, the
program execution returns to line No. 120. When I = 700, it
proceeds to the next line.

140 End of program
When this equipment is set to the VIEW mode after the execution of
this program, it is possible to see the tracing waveform by the input
‘data.

(2) Method to Input the Trace Data with the Binary Code

OUTPUT 701; "INTBA"

When programmed and executed like this, this equipment enters the
trace data input mode with the binary code. 1In the binary code, input
the trace data for one screen (701 points) all together at a time.
Since R4131 continues the data input until the EOI signal is detected,
be sure to add the EOI to the last byte of the trace data.

The data format is the same as in the output of the trace data with
the binary code. A program example for the input of trace data is as
follows:

A program example  to input the trace data with the binary code

Example 6-23: The trace data is assumed to be provided in the numeric
array variable A(I). The data in A(I) is then input in
the VIEW screen memory of this equipment with the
binary code.

HP200/300 Series

.

100 OUTPUT 701; "INTBA"
110 FOR I=0 TO 699
120 OUTPUT 701 USING "#,W"; A(I)

130 NEXT I
140 OUTPUT 701 USING "#,w"; A(I), END
150 END
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Line

No. Meaning

100 Instructs this equipment to receive the trace data in its VIEW
screen memory with the binary code, and to make a change so that the
EOI is added to the last byte of the delimiter.

110 Instructs this equipment to vary variable I from 0 to 699, one by
cne. (The loop is repeated 701 times.)

120 Converts the data of numeric array A(I) into 2- byte binary code and
sends it to this equipment.

130 Increments variable I by 1 only. When I < 699, the program
execution returns to the preceding line. When I = 699, it proceeds
to the next line.

140 Adds the EOI signal when the last 901nt data is set

150 End of program

When this equipment is set to the VIEW mode after the execution of the
above program, it is possible to see the trace data input through the

input data.
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6.7 Service Request

By using the service request function of GPIB, various statuses of this
equipment can be detected from the outside.

Contents of the service request can be known from status bytes shown in
Table 6-17.

Status Byte

Bit # | Decimal value Function
7 128 End of sweep
6 64 Service request (SRQ)
5 32
4 16 CF CAL
3 8 Signal track
2 4 Marker search
1 2 Center frequency set
0 1 ZERO CAL

(1) Status Byte

Each bit of the status byte is set to "1" when the following
conditions are met.

Status byte

Bit

Bit

Bit

Bit

Bit

Bit

Bit

0:

1

2:

3:

"1" is set when ZERO CAL is executed and the calibration is
finished.

"1" is set when the center frequency is set using the "CF"
command of GPIB.

"1" is set if the marker ends the searching when the searching
function is executed by the marker.

This bit is changed from 0 to 1 when the waveform peak
position is ended to be set to the center frequency during the
execution of the signal tracking function of marker.

"1" is set when the CF CL is executed and the calibration is

finished. _
When "1" is set to either bit 0 to bit 5, or bit 7 and the

service request (SRQ) is transmitted, this bit also goes to

"1" at the same time. .
"1" is set when the sweeping ends.
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(2)

This service request is turned ON/OFF by GPIB commands "S0" and "S1".
When the status byte is read, this equipment clears the status byte.
Output of Status Byte

The status byte can be read when the serial polling is executed as
shown in the following example:

Example 6-24: ZERO CAL is judged to be ended by reading
the status byte.

HP200/300 Series

10 OUTPUT 701; "SHFL"

20 S=SPOLL(701)

30 IF BIT(S,0)<>1 THEN 20

40 OUTPUT 701;"CF200MZ SP100KZ"
50 END

Line

No. Meaning
10 Executes the ZERO CAL.
20 Reads the status byte and incorporates it in variable S.
30 Waits until bit #0 becomes 1 after the end of the execution of ZERO
CAL.
40 For the next setting after the end of ZERO CAL, the center frequency
is set to 200 MHz and spans to 100 kHz in this stage.
50 End of program
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6.8 Notes in Programming

(1)

(2)

Noteworthy Points in Sending a Command

When a command is sent to this equipment, the command can be delimited
with a space (.) or comma (,) as shown below:

Example 6-25: A command is delimited with a space (.) or comma (,)
and sent to this equipment.

OUTPUT 701; "SO OPCF, HD 1"

Noteworthy Points in Spectrum Analysis When the Frequency Span
Is Made Narrower

The center frequency setting accuracy is #10 MHz or less when
R4131A/AN/C/CN and the AFC of R4131B/BN/D/DN are set to OFF. Hence,
when the center frequency is set directly by setting the frequency
span to less than 10 MHz, no spectrum is displayed on the screen in

some cases.

Consequently, when the spectrum is analyzed by making the frequency
span narrow, try to program so that narrow the span narrows while

always seizing the signal.

Example 6-26: The frequency span is made narrow up to 50 kHz
for the 200 MHz reference signal.

HP200/300 Series

10 OuTPUT 701; "CF 200MZ, SP20MZ, RL-30DM"
20 WAIT 1

30 OUTPUT 701; "SHM4"

40 S=SPOLL(701)

50 1IF BIT(S,3)<>1 THEN 40

60 OUTPUT 701; "NR"

70 OUTPUT 701; "QPSP"

80 ENTER 701; A

90 1IF A <> 50000 THEN 40

100 END

Line

No. Meaning
10 Sets the center frequency to 200 MHz, frequency span to 20 MHz, and
reference level to -30 dBm.
20 Waits for 1 sec.
30 Sets the signal tracking function to ON.
40 Reads the status byte and incorporates it to variable S.
50 After the end of signal tracking, waits until bit #3 becomes 1.
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Line

No. Meaning

60 Makes the frequency span narrower by 1 step.

70 Reads the frequency span and sets the mode.

80 Reads the data.

90 Returns to line 40 unless the frequency span is 50 kHz.

100 End of program
(3) Noteworthy Points for the Setting of Center Frequency When the
Frequency Span Is Less Than 10 MHz
When the center frequency is changed in the setting of the frequency
span to less than 10 MHz, the spectrum shifts after the setting,
although varied according to the amount of change. This is caused by
the time constant of the frequency stabilization circuit. Note that
no correct data is indicated in the case of a program used to read the
marker frequency level under this status.
Example 6-27: When the Frequency of the 200 MHz Reference
Signal Is Read
HP200/300 Series
10 OUTPUT 701; “"CF 3500MZ SP 10MZ"
20 WAIT 1
30 OUTPUT 701; "CF 200Mz2"
40 WAIT 10
50 OUTPUT 701; "M4"
60 OUTPUT 701; "OPMF"
70 ENTER 701; F
80 DISP F
Line Meaning
No.

10 Sets the center frequency to 3500 MHz and frequency span to 10 MHz.

20 Sets the waiting time for 1 sec.

30 Sets the center frequency to 200 MHz.

40 Takes the waiting time here until the spectrum is stabilized
(approx. 10 sec. maximum). The waiting time is set to 10 sec. in
this example.

50 Executes the PEAK SEARCH.

60 Reads the marker frequency.

70 Incorporates the marker frequency to variable F.

80 Displays the marker frequency.
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6.9 List of GPIB Codes

Table 6-4 List of GPIB Codes

Setting Code Remarks Selting Code Remarks
Input of measuring Command code corresponding to each key Input of trace data N Memory, ASCII/ binary
condition (Sce Figure 6-6.) specificd code is the
same as in its output,
Output of measuring op Specifies the output data by the QP parameter
condition and trace code, Qutput of the status 0s The E0! is added to the
data Specifies the output waveform data by the trace [ byte Jast byte of data as a
memory, ASCI1/binary specified code, delimiter,
(CR LF is not used,)
Output of the mode oM
OP parameter code Qutput format of output data string
ATTENUATOR AT
CENTER FREQUENCY CF Number of bytes: 17 Service request “S1” at the power ON
MARKER FREQUENCY MF . ( except delimiters ) Transmitted SO
MARKER LEVEL ML | HH DDDDDDDD, DD ExD CRLF Not transmitted sl
RESOLUTION BAND W1DTH RB T ——T —-[—
REFERENCE LEVEL RL Block delimiter Initialization P
FREQ SPAN Sp
SWEEP TIHE ST Data index part ficader OFF D0 “HD1" at the power ON
VIDEO FiiTER BAND WIDTH VF ON 1)}
DISPLAY LINE t L l———————————Data mantissa
OCCUPIED FREQUENCY 08
BAND WIDTH Positive: Space “ " (Blank) Header to be output
R4131B/0+0PT04 and Data code [
(R41318/D+0PTH only Header Negative: “—° CENTER CF | FREQUENCY SPAN | SP | MARKER MF
FREQUENCY SWEEP TIME ST | FREQUENCY
Trace memory, and ASCI1/ Output format of trace data REFERENCE RESOLUTION RB| LEVEL dBm | MM
binary specified code ASCL1 DDDD CRLF Number of bytes: 4 LEVEL dBg | DU} BAND WIDTH dBge | MU
—E ( except delimiters dBm | DM | VIDEO FILTER | VF dB s /m | ME
Trace data of memory A —l- Block delimiter dBu/m | VN | BAND WIDTH LINEAR { ML
ASCI! output TAA - Trace data (for a point) LINEAR | LV | ATTENUATUR AT dBaV | MQ
Binary output TBA dBmV | DQ :
Binary DDD-DDD_ (Number of bytes: 1402
WRITE memory trace data . L ( except delimiters )
ASCII output TAW High/low order bytes in the Block delimiter
Binary output TBW . I 701st point CR, LF+EQI | DLO
Righ order byte in the 2nd point LF DL1
L_Low order byte in the Ist point EOI DL2
High order byte in the Ist point CR, LF DL3 “DL3” at tue power ON i
(1-noint data in 2 bytes) i
J

6 - 41 Oct 20/89




R4131 SERIES
SPECTRUM ANALYZER
INSTRUCTION MANUAL

6.9 List of GPIB Codes

Table 6-5 GPIB Code Corresponding to Each Key

Key Code Key Code
INSTR PRESET IP (SHMO) | ATT 0dB A0
CTR FREQ CF VIDEOG FLTR
DATA KNOB =] UP VU
COARSE DOWN | CD ‘
UP  |cCU © DOWN | VD
FINE DOWN | FD SWEEP TIME/DIV
UP FU S up TU
MARKER ON M1 © DOWN | TD
OFF MO
MKR CF M3 TRIGGER TR
PEAK M4 START/RESET SR
CF CAL FL
LCL LC
FREQ SPAN Sp
ZERO SPAN 7S (SHSP) | WRITE WR
AUTO BA STORE | SE
RBW RB VIEW VW
FREQ SPAN, RBW MAX HOLD MA (SHWR)-
WIDE WD RECALL RC
. SAVE SV (SHRC)
<] NARROW NR
CF ADJ .| SHCF
=] we LU OBW SHM1 *
AFC SHM3 **
(=] DpowN LD SIG TRK SHM4
ZERO CAL SHFL
FINE/COARSE FC
NOISE/Hz SHBA
10dB/DIV L1 (SHLD) | NORMALIZATION | SHRB
2dB/DIV L2 (SHLU) | DSPL LINE SHWD
QP L3 (SHFC)
LINEAR LN (SHUN) | NORMAL DET SHVD **
UNITS UN POS DET SHTD
INPUT ATTENUATOR SAMPLE DET SHTR
g UP AU
& DOWN AD

Note: Codes marked with one asterisk (*) are available for R4131B/D + OPT

04 and R4131B/D + OPT 14 only.
Codes marked with two asterisks (**) are available for
R4131B/BN/D/DN only.
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Figure 6 - 6 GPIB Code for each Key
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Table 6 — 6 Direct Set GPIB Codes

Contents Code

dBm DM

dB u DU

UNITS dB & /m(A) D1

dB u /m(B) D2

dBu /m(C) D3

dB x4 /m (D) D4

dBmV DV

FREE RUN FR

Trigger LINE L1

Mode VIDEOD VT

SINGLE SI

0 dB AD

10 dB Al

Attenuator { 20 dB A2

30 dB A3

40 dB A4

50 dB A5
data
Contents Code+ o D
Center frequency CF oo
Reference level RL oo
Frequency span SP Do
Resolution band width RB oD
Marker MK oo
Video filter band width VF oo
Sweep time ST DD
Display line PL oD

6 - 44

Table 6 - 7 Unit Display GPIB Codes

Unit Code
GHz GZ
Mz MZ
kliz KZ
Hz HZ
v v
mV My
y7a uv
sec S
msec MS
dBm DM
dB u DU
dBu /m (A) D1
dBu /m (B) D2
dBu/m (C) D3
dB e /m (D) D4
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Table 6 -~ 8 Numreric Value Code in Table 6 - 9 Mode String
Setting Condition Input

Code Set valug -i; Bit Decimal Contents
Eg%ggﬁz 1(1)822 =1 76543210 | value
= z .
5 INPUT ATT
e | e | oooooe | 0 | D
2| VF100KZ | 100kz 00000001 | 1 10 dB
=5y ' 1 100000010 2 20 dB
=35) [FJ0K | 300Kz 00000011 | § 50 db
00000100 4 40 dB
gﬁgﬁs 18 ms; 00000101 5 50 dB
i ms
ST20MS 20 ms/ zgg?nzggace
STagHS 20 ms/ axis display
2|30k | 300 ae 2 | 00000000 | @ 10 dB/D1Y
~ | ST500MS | 500 ms/ 00000001 1 2 dB/DIV
218718 1s/ 00000010 2 5 dB/DIV(QP)
2 s 1 00000011 | 3 LINEAR
w2 S N .
Ordinat
ST s 00000000| O |unit, dbm
sas | 0 0000003 | 3 AN
m
ST1008 | 100 s/ 3 [o000001i | § a8 1¢/n(B)
w | AD 0 dB 00000100 4 dB ;t/m(Cg
S|Al 10 dB 00000101 9 dB u/m(D
S| A2 20 dB 00000110 6 nV, uV
S| A3 30 dB 00000111 7 dBmV
=\ o REF LVL STEP
4 100000000 0 COARSE
§§§§§§% %§§ EE% 00000001 | 1 FINE
2z
TRIGGER MJDE
S | 000 i 00000000 | 0 FREE RUN
= | SPOMZ 2 MHz 5 100000001 1 LINE
S | SP5MZ £ Miz 00000010 2 VIDED
- gg%gﬂ% %8 ﬁﬂz 00000011 3 SINGLE
[&] h z
S Data knoh
= | 363007 | 180 s 6 [ooooo000 | 0 | Warker
2 | SP200MZ | 200 MHz 00000001 1 CF
= | SP500MZ | 500 MHz e
SFasL 1 th 7 | ooooo000 | 0 OFF
SP46Z 4 GHz 00000001 1 ON
A ZEROSPAN
W |3 ks
= Lo Z -
g.;: 55%8% %8 {:ﬁz Table 6 10 Status Byte
== z - R ]
'sof RBIOOKZ | 100 khz Bi ngézal gggggion (set to 1 when
o =i RB300KZ | 300 kHz
RBIMZ 1 MHz T 128 End of sweeping
6 64 Service request
5 32
4| 16 |CRECAL
3 8 Signal track
2 4 Marker search _
1 2 Center frequency setting
0 1 ZERO CAL
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7.1 Storage of This Equipment

7.1

Storage of This Equipment

The storage temperature range of this equipment is -20°C to +70°C.v
When this equipment is not used for a long period of time, cover it with
vinyl or put in a cardboard box, and store it in a dry place away from

direct sunlight.

Cleaning of This Equipment

Periodically take off the filter which protects the CRT display and clean
the inside of the filter and CRT display unit with a soft cloth soaked in

alcohol. Do not use any cleaner other than alcohol.

The filter can be taken off by removing two screws of the bezel.

CAUTION-

Nevexr use any cleaner other than alcohol for the maintenance of this

equipment.
Organic solvent such as benzene, toluene or acetone may spoil the plastic

parts of this equipment.

Shipment of This Equipment

When shipping this equipment, use the original packing materials. If they
are not available, pack the equipment as follows:

(1) Wrap this equipment in appropriate shock absorbing material and put it
in a corrugated cardboard box at least 5 mm thick.

(2) Wrap its accessories separately in the same shock absorbing material
and put them in the same corrugated cardboard box together with this
equipment.

(3) Fasten the corrugated cardboard box with packing strings.
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8. TECHNICAL DATA OF FUNCTION AND ACCESSORIES
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8.1 Technical Data of Function

8.1 Technical Data of Function

(1) Frequency Specification

10 kHz to 3.5 GHz

Displayed on the CRT screen
Maximum resolution: 1 kHz (to be changed
according to the frequency span)

Frequency displaying accuracy:

Frequency range
Frequency display

R4131A/AN/C/CN | Less than +10 MHz | After ZERO CAL

R4131B/BN/D/DN | +100 kHz + After ZERO CAL

SPAN 3% or less Within the range of 0 Hz to

2.5 GHz in center frequency and
5 ms to 0.5 S/DIV in sweep time.

10 MHz After ZERO CAL
Center frequency 2 GHz or more

4 GHz to 100 kHz, ZERO 1-2-5 step
+5%
R4131A/AN/C/CN

Less than 100 kHz/5 min.

Frequency is fixed 30 min. after power ON.
R4131B/BN/D/DN

Less than 10 kHz/5 min

Frequency is fixed 30 min. after power ON.
(Within the range of 0 Hz to 2.5 GHz in
center frequency and 5 ms to 0.5 S/DIV in
sweep time)
Residual FM : Less than 2 kHzp_p/100 ms
Noise sideband :

Frequency span
Frequency span accuracy
Frequency stability

LU DY

Where the resolution band width is assumed to
More than 80 dBc |be 1 kHz, video filter band width to be
10 Hz, and 20 kHz to be detuned from signal.
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Resolution:
Resolution band width
3dB ccevcens eeeese 1 kHz to 1 MHz with 1-3 step

6 dB veceeecencaess 9 kHz to 120 kHz when QP mode is seslected
Band width selectivity
: Less than 15:1 60 dB: 3 ratio of dB
resolution band width
Resolution band width accuracy
: Less than +20%
Less than the value of CISPR Standards in

the QP mode
Marker display : Can be set freely
Resolution ...ceceeeee 1 kHz max. (To be changed according to the
SPAN)

Measuring accuracy ... Center frequency display accuracy +
frequency span accuracy

(2) Amplitude Specification

Tube surface display range
: LOG 80 4B 10 4B/DIV
2¢ ds 2 dB/DI1IV
40 4B 5 @B/DIV, In the QP mode only
LIN 10 DIV
LOG #0.15 dB/1 dB
+1 dB/10 4B
+*1.5 dB/70 dB or more
Less than 5% of LIN scale
Reference level : LOG -69 dBm to +40 dBm: R4131A/B/C/D,
40.25 4By to 150 dBu: R4131AN/BN/CN/DN
10 dB, 1 dB step 10 4B/D1V
1 dB, 0.25 dB step 2 4B/D1V,
in the QP mode
LIN 72.77 uvV to +22.36 Vv: R4131A/B/C/D
(102.9 uvV to +31.62 V: R4131AN/BN/CN/DN)

Linearity

Reference level accuracy
: Less than 1 dB in the LOG mode

This value is taken after calibrating the
level at a frequency of 200 MHz and input
ATT of 10 4B within the range of 0 to 59 dBm
(R4131A/B/C/D) and 110 dBu to 51 dBu
. (R4131AN/BN/CN/DN) in reference level.
Unit of reference level: dBm, dBu, dBu/m, or dBmV, selectable
Marker display

Resolution ...... 0.2 dB 10 dB/DIV

0.05 dB 2 dB/DIV
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Dynamic range
Average noise level
...... -116 dBm +1.55F (GHz) dB

or less:

R4131A/B

-114 dBm +1.55F (GHz) dB

or less:

-110 dBm:
-108 dBm:

R4131AN/BN

R4131C/D
R4131CN/DN

Secondary/tertiary distortion
esesss More than 70 dB

Frequency response:

Reseolution band width

1 kHz, Video filter band
width :

10 Hz, Input ATT 0 4B,
More than 1 MHz in
frequency

Where the input level is
assumed to be -30 dBm
and frequency to be more
than 1 MHz

R4131A/C 100 kHz £ F £ 2 GHz 10 kHz £ F £ 3.5 GHz
ATT 10 dB or more ATT 10 dB or more
+1 dB or less +3.5 dB or less
R4131B/D 100 kHz £ F < 2 GHz 10 kHz £ F £ 3.5 GHz
ATT 10 dB or more ATT 10 dB or more
+1 dB or less +2 4B or less
R4131AN/BN [100 kHz < F £1.5GHz [ 10 kHz < F £ 2 GHz | 2 kHz £ F £ 3.5 GHz
R4131CN/DN |*1.5 dB or less +2.5 dB or less 4 dB or less

Residual response:

-100 dBm or less:

R4131A/B

-95 dBm or less:
R4131C/D

-98 dBm or less:
R4131AN/BN

-93 dBm or less:
R4131CN/DN

Note: At frequency > 100

Video filter band width:

Resolution selecting accuracy
Less than %1 dB

1 MHz, 300 kHz,

10 Hz

Gain compression : Less than 1 dB

When terminated at input
ATT 0 dB and input 50 Q

When terminated at input
ATT 0 dB and input 75 Q

kHz

100 kHz, 10 kHz, 1 kHz, 100 Hz, or

at +200C to +30°0C
at input of -10 dBm
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(3)

(4)

(5)

Sweep Specification

Sweep time :
Sweep time accuracy

LYY

Sweep trigger

Input Specification

3

RF input

Maximum input level

Input ATT :
Input ATT selecting

.
.

Input VSWR

5 ms/div to 100 s/div with 1-2-5 step

Less than +15%
FREE RUN, LINE, VIDEO, and SINGLE (Reset/Start)

Approx. 50 N-type input connector: R4131aA/B/C/D
Approx. 75 N-type input connector: R4131AN/BN
: R4131CN/DN
+20 dBm, %25 VDCmax Input ATT 20 dB or more:
R41312/B/C/D
127 dBu, *25 VDCmax Input ATT 20 dB or more:
R4131AN/BN/CN/DN
0 to 50 dB with a step of 1C¢ dB
accuracy

10 kHz £ F £ 2 GHz

(10 dB in standard)
2 GHz < F < 3.5 GHz
(10 dB in standard)

+1 dB or less
+1.5 dB or less
R4131A/B/C/D

1.5 or less
2.0 or less

100 kHz < F S Z GHz
2 GHz <« F £ 3.5 Gdz
At input ATT 10 dB or
more

R4131AN/BN/CN/DN

1.5 or less
2.0 or less
2.5 or less

100 kHz £ F £1.5 GHz
10 kHz < F £ 2 GHz
2 GHz < F = 3.5 GHz

At input ATT 10 dB or
more

Display Unit Specification

Display :
Trace :
WRITE :
STORE :
VIEW :
MAX. HOLD H
Dictation :

Waveform, setting conditions, and grid
2-screen display of WRITE waveform and VIEW

waveform
Memory is rewritten each time sweep and WRITE

waveform is displayed.

' WRITE waveform is stored.

Stored waveform data is displayed.

Each time of repetition from the starting point of
this function, the maximum signal level on the
horizontal axis is measured and displayed.

This equipment provides the POSI/NEGA (for
R4131B/BN/D/DN only), POSI, and SAMPLE display and
detection functions.
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(6)

(7)

(8)

Output Specification

Output signal for calibration ‘
:+ 200 MHz +30 kHz, -30 dBm +0.5 4B: R4131A/B/C/D

200 MHz +30 kHz, 80 dBu +0.5 dB : R4131AN/BN
R4131CN/DN
Monitor output : Possible to listen with an earphone (approx. 8 )
Recorder output : Analog output only for WRITE waveform
X-axis Approx. -5 V to +5 V (approx. 10 k)
Y-axis Approx. 0 V to +4 V (approx. 220 Q)
IF output : The IF signal, 3.58 MHz, is output at approx. 50 Q.
Video output This output includes the output terminal to
external CRT display and VIDEO plotter, etc.,
output impedance of approx. 75 @, 1 Vp_p, and
! composite signal.
Probing power terminal * 15 V
:- 4-pin connector
GPIB data output : Mode operation and I/O are enabled using the GPIB.
Plotter interface: Display screen can be recorded by connecting this
equipment directly to the plotter without passing
through the controller.

Output for TG:
1st LOCAL OUT -5 dBm or more Approx. 4 GHz to 7.5 GHz

2nd LOCAL OUT ~5 dBm or more Approx. 3.75 GHz
SLOPE OUT; Sweep signal output for TG output level correction 2 V/GHz

General Specifications

Using ambient conditions
: Less than 0°C to 50°C and 85% RH

Storage temperature range

: -=200C to +700C
Power supply : 90 V to 132 V or 198 V to 250 Vv
48 to 66 Hz
Power consumption: Less than 120 VA
External dimensions
: Approx. 300 (W) x 177 (H) x 460 (D) (mm)
Weight : Approx. 10 kg : R4131A/AN/C/CN
Approx. 10.5 kg: R4131B/BN/D/DN

Option (only R4131B/D)

Occupied frequency band width (OBW) measuriﬁg

OPTION 04 :
function
OPTION 14 : Occupied frequency band width (OBW) measuring

function and 3 dB down width measuring function
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8.2 Accessories

e TR1625 RF Coupler

Frequency range
Maximum input
Degree of coupling
Impedance

V.S.W.R

Insertion loss
Connector

TR1626 RF Coupler

DC-500 MHz
50 W
40 4B *1 dB

50 2 in both main and auxiliary lines

Less than 1.5
Less than 1 dB

Main line ... N-type for both main and auxiliary

lines

Frequency range
Maximum input
Degree of coupling
Impedance

V.S.W.R

Insertion loss
Connector

©e 0 es se ee se e

DC-1500 MHz
50 W
40 4B *1 dB

50 @ in both main and auxiliary lines

Less than 1.5
Less than 1 dB

Main line ... N-type, and auxiliary line ... BNC

type
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® BNCP-FJ Conversion Adaptor

Dielectric strength : 500 VAC/1 min.

Insulation resistance: More than 500 kQ at 500 VDC
Contact resistance : Less than 5 MQ

V.S.W.R ¢+ Less than 1.2 at 0.1 GHz

® Earphone for TR16191 Voice Monitor
When the FREQ SPAN is set to 0 (zero) and this spectrum analyzer is

tuned with the data knob, the demodulation wave can be observed on the
screen, but also listening can be done through the earphone connected to

the phone.

Connection cables

MO-15 Connection cable BNC-BNC (75Q)- Part code : DCB-FF0442

150cm * 5¢cn —m8M

MC-37 Connection cable BNC-SMA Part code : DCB-FF1130X01

100cm % Scn —

GPIB connection. cable

Model name | Length
408JE-1P5 0.5 m

408JE-101 1 m
408JE~102 2 m
408JE-104 4 m
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Antenna

e TR1711 Log~periodic Antenna

This is a brad band reception antenna of 8 to 1000 MHz in frequency
range. It can be used for monitoring radio waves and for analyzing
disturbing waves which occurs in wide bands.

Frequency range
Gain

Front—-to-back ratio
V.S.W.R

I/0 impedance
Weight

Components

e ®e e e se es er

80 MHz to 1000 MHz

5 dB (A/2 dipole antenna ratio)

More than 14 dB

Less than 2.5

50 Q

Antenna main body ... Approx. 5 kg
Log-periodic antenna (Element 31 X 2, antenna
main body, and balancer), angle adjuster (450
to 00 to 900), tripod, measuring scale (with
N-type connector, 10 m), elements container box,
and antenna main body container bag
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e TR1722 Half-wave Dipole Antenna

When measuring the field intensity and disturbing wave by using the
spectrum analyzer, this antenna is used by changing the length of
elements according to the measuring frequency.

Frequency range : 25 MHz to 1000 MHz
Element 1 ... 25 MHz to 80 MHz
Element 2 ... 80 MHz to 250 MHz
Element 3 ... 250 MHz to 600 MHz
Element 4 ... 600 MHz to 1000 MHz
Transmission impedance

: 50 Q
Polarization : Horizontal polarization/vertical polarization
selected
Antenna ground height: Approx. 1 to 4 m
Tr ipod : Folding type

Attached coaxial cable
: Attached with 50D, 2W, 10 m, and N-type connector
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e TR1720 Loop Antenna

Freguency range ¢ 100 kHz to 30 MHz

Antenna tuner unit : 1-band ... 100 kHz
2-band ... 150 kHz
3-band ... 300 kHz
4-band ... 600 kHz
S5~band ... 1.4 MHz
6-band ... 3.5 MHz

to
to
to
to
to
to

200 kHz

300 kHz

600 kHz

1400 kHz
3.5 MHz

10 MHz

7-band ... 10 MHz to 30 MHz
Loop antenna section : 7 types of loop antenna for 1-7 bands

Vertical antenna section

: Set to 2 mand 1 m in total length

Impedance : 75 Q (TR1720N) or 50 Q (TR1720)
Dimensions and weight:
Tuner unit : Approx. 210 (W) x 140 (H) x 110 (D) (mm); and
2 kg
Loop antenna : Approx. 3 kg in one set
Big) Approx. 360 (W) x 250 (H) x 6 (D) (mm)
Small) Approx. 250 (W) x 190 (H) x 6 (D) (mm)
Vertical antenna : 2 m (5 stages in total length)

Container case

1 m (expansion and contraction) and 0.2 kg
Approx. 495 (W) x 290 (H) x 155 (D) (mm)
Aluminum made and approx. 1.9 kg in weight
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® TR17201 10 kHz to 30 MHz Active Antenna

This is an antenna used for the measurement of field intensity from
10 kHz to 30 MHz. Since it integrates a low noise and broad band
amplifier and the antenna factor is almost contact, the field intensity

can be directly read easily.

Frequency range : 10 kHz to 30 MHz

Antenna factor : Approx. 10 to 13 dB

Output impedance : Approx. 50 Q

Input impedance : More than 1 MQ (when measured at the antenna
block)

Amplification gain : 7 dB 2 dB in nominal gain

Connector BNC type
Power supply 12.6 V mercury cell (approx. 20 hours)
External dimensions Approx. 131 (L) x 108 (W) x 77 (H) (mm)

Weight : Approx. 1 kg

® TR17203 25 MHz to 230 MHz Active Dipole Antenna

Since the antenna factor for the measurement of field intensity from
25 MHz to 230 MHz is close to 0 (zero), this antenna can directly read
the field intensity in a wide range when used in combination with the

spectrum analyzer.

25 MHz to 230 MHz

Approx. 0 dB

Approx. 50 Q

N-type

15 VDC (with 1 m long cable)
Approx. 580 g

Frequency range
Antenna factor
Impedance
Connecting terminal
Power supply
Weight

0 es es se e

e TR17204 200 MHz to 1000 MHz Log-periodic Antenna

The antenna can measure a broad band of 200 MHz to 1000 MHz without
replacing any element. In addition to its compactness and lightweight,
it can be used for transmission and reception. So, it is suitable for
immunity measurement in high frequency.

200 MHz to 1000 MHz

Approx. 14 dB to 25 dB at 200 MHz to 1000 MHz
Approx. 50 Q

N-type

Less than 2.0

Approx. 7 dB
Approx. 750 (length) x 750 (maximum width)

x 63.5 (thickness) (mm)
Approx. 2 kg

Frequency range
Antenna factor
Impedance
Connecting terminal
Average V.S.W.R.
Average gain
Antenna dimensions

.

Weight
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® TR17205 1 GHz to 10 GHz Log-spiral Antenna

This is an antenna of 1 GHz to 10 GHz which is used to measure EMI
conformable to the MIL Standards.

Frequency range
Average power gain
Average V.S.W.R.
Axial ratio

Average beam width
Impedance
Polarization
External dimensions

Weight

1 GHz to 10 GHz

3.75 dB

Less than 2.0

Less than 1 dB

500

Approx. 50 Q

Circular polarization

Approx. 381 (length) x 127 (maximum diameter)
(mm)

Approx. 3.6 kg

e TR17206 1 GHz to 18 GHz Double-ridged Guide Antenna

This is the most suitable antenna for the EMI measurement. -It can
measure a wide band of 1 GHz to 18 GHz.

Frequency range
Average power gain
Average V.S.W.R.
Impedance

Average beam width

Connector
External dimensions
Weight

es se se o8 oo

1 GHz to 18 GHz

10.7 @B (Isotropic)

Less than 1.5

Approx. 50 Q

E Plane 53°

H Plane 48°

N-type

Approx. 280 (L) x 245 (W) x 159 (H) (mm)
Approx. 1.8 kg
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Filter

MEP-293/MEP-294/MEP-295/MEP-29, TR14101

Model name

MEP-292

MEP-293

MEP-294

MEP-295

TR14101

Filter name

By~pass filter

By-pass filter

By-pass filter

By-pass filter

Rejection filter

Objective communi- | 27 MHz 60 MHz 150 MHz 400 MHz 800 MHz to 900 MHz
cation equipment
frequency band
Working frequency 26 MHz to 30 MHz |50 MHz to 80 MHz|120 MHz to 335 MHz to 800 MHz to 900 MHz
range 190 MHz 520 MHz
Filter |[Cut-off 40 MHz 100 MHz 240 MHz 670 MHz 1200 MHz
Char- frequency
acter-
istics |Attenuation|More than 35 dB |More than 50 dB |More than 50 dB | More than 50 dB | More than 35 dB at
character~ |at 28 MHz or less{at 70 MHz at 170 MHz at 470 Mnz 800 MHz to 900 MHz
istic More than 40 dB More than 30 dB |More than 30 dB | More than 30 dB | More than 30 dB at
at 27 MHz at 80 MHz at 190 MHz at 520 MHz 800 MHz or less
Pass band 40 MHz to 300 MHz|100 MHz to 240 MHz to 670 MHz to 1500 MHz to
1000 MHz 1000 MHz 1500 MHz 3000 MHz
Insertion Less than 1 dB Less than 2 @B Less than 2 dB Less than 2 dB Less than 2 dB
loss

pass band)

(within the

Through|Pass band

DC to 300 MHz

DC to 1000 MHz

char-

acter~ |Insertion |Less than 1 dB - - - Less than 1 dB
istics |loss
(within the
pass band)
Characteristic 50 2 (BNCJ-BNCJ) [50  (NP-NJ) 50 Q (NP-NJ) 50 Q (NP-NJ) 50 2 (NP-NJ)
impedance
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8.2 Accessories

Band Pass Filter

TR14201/14202/14203/14204

This filter is used to remove the large signal out of a measurement band
in the measurement conforming to the CISPR Standards using the spectrum

analyzer.
TR14201 TR14202 TR14203 TR14204
Pass band 10 kHz to 150 kHz to 25 MHz to 300 MHz to
150 kHz 30 MHz 300 MHz 1000 MHz
M Insertion loss|Less than Less than Less than Less than
within the 1.5 dB 1.5 dB 1.5 dB 1.5 dB
pass band
Attenuation More than 20 dB|{More than 35 dB|More than 35 dB|{More than 30 dB
characteristic|at less than at less than at less than at less than
3 kHz but more {30 kHz but more|12 MHz but more|150 MHz but more
than 300 kHz than 60 MHz than 600 MHz than 1500 MHEz
Characteristic |[Approx. 50 Q Approx. 50 Q Approx. 50 Q Approx. 50 Q
impedance (NJ-NP) (NJ-NP) (NP-NJ) (NP-NJ)
(connector)
External dimensions: Approx. 31 (H) x 50 (S) x 100 (L) (mm)
Weight : Approx. 350 g
/‘\;
~
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9.1 Outline

9.1 Outline

9.1.1

(1)

(2)

(3)

(4)

(5)

Basic Operations
Figure 9-1 shows the block diagram of this equipment.

When the measuring signal is input to the input connector, the input
signal, after passing through the 50 dB RF input attenuator, enters
the first miker where it is mixed with the first local signal sent
from the 4 to 7.5 GHz YTO (YIG tuning transmitter), and then it is
output as the first IF signal of 4 GHz.

The YTO, under the control of the YTO circuit, sweeps the range of 4
to 7.5 GHz using the RAMP signal and also varies the center frequency

with the maximum resolution of 500 Hz.

The output first IF signal of 4 GHz enters the second mixer where it
is mixed with the second local signal of 3.77 GHz and then enters the
third mixer as the second IF signal of 226 MHz. This signal is mixed
with the third local signal of 200 MHz and then enters the fourth
signal as the third IF signal of 26.4 MHz. This signal is further
mixed with the fourth local signal of 30 MHz and converted into the
fourth IF signal of 3.58 MHz.

Incidentally, the CAL OUT signal of 200 MHz is generated through the
crystal oscillator of the third local signal.

The fourth IF signal of 3.58 MHz passes through the LC filter second
stage and crystal filter second stage, through which the resolution
band width is selected in a range from 1 MHz to 1 kHz, and further,
the output level is controlled by the resolution of 0.25 dB max. by
the STEP AMP. of 50 dB.

The 3.58 MHz IF signal of which resolution band width and output level
are controlled enters the LOG AMP. of the dynamic range 80 dB, and
after being subjected to logarithmic companding, the signal enters the
detector where it is detected and converted into the DC output. The
detection output signal enters video filter circuit where the video
filter band width is selected to a range from 1 MHz to 10 Hz and then .
output as the Y. OUT signal.

The Y. OUT signal and the X. OUT signal of the RAMP signal are both
input to the A/D circuit. The Y. OUT (ordinates axis) is converted
from analog to digital signal at 9 bits (512 points) and the X. OUT
(quadrature axis) is converted the similarly at 10 bits (1024
points). After being stored in the memory, these signals are
controlled by the CPU to display the waveform on CRT through the CRT

control circuit.

9 - 2 Oct 20/89



R4131 SERIES
SPECTRUM ANALYZER
INSTRUCTION MANUAL

9.1 Outline

This equipment has two memories, the WRITE memory which rewrites data
at each sweeping and VIEW memory which stores the displayed waveform.
It also has a non-volatile memory which stores data even after power
OFF.

Furthermore, it performs the MAX. HOLD and normalization processing
using the WRITE memory, VIEW memory, and the CPU's arithmetic
operation function.

(6) The AFC (Automatic Frequency Control) block is mounted on

R4131B/BN/D/DN only. It applies locking in a range from 4 to 6.5 GHz
in the YTO frequency to improve the center frequency setting accuracy.
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9.1 Outline

Ist LO o SLOPE
POWER YTO/AFC CNT
AMP Y10
RAMP 1IN
- K— 4~7. 5GHz AFC Bl / .
sty Iy 0 ok L __ £\
= - R |
N l ! ] '
Input | 50— &A C 1 ]-St LU |
(:}-———-———9 ATT ——-)‘ : k———-— Coupler T oupler 0) BXT OUT l
INPUT J, : | |
’ 2nd LO | 7 — 1/8 11128' -“”— ' T—)é—‘
4GHz" 3. 776Hz | \29 1/1024 I
| | | 4~6. 5GHz 500~812./5MHz :
|
2nd MIX | | 11!!!’}_____ |
; |
I | 12. 8MHiz I
| Coupler —O | .
al) S mm e m = -
BXT QUT 4th L0
<1[1:) 30uitz 10dB/1dB/
RBU 0. 25dp|| RBW RBH
3. 58Mliz IM~ 10K STEP AMP 3K, 1K IM~ 10K
226MHz [_* 3rd MIX 26. 4NHz 4th MIX IF OUT
LC X' tal LC —O
_J__l_ _J_—l_ 17 FLTR 7 2 FLTR | ] PLTR
200Mllz CAL OUT ] ! PHONE
3rd LO AMPTD , ouT
©— -”],- 200MHz CAL . |
— S —oO0 Y. 0UT
VIDED ‘
ouT ;
| —  VIDEO ]
_ M FITR
CRT Block CRT CNT Memory { DET LOG/LIN
AMP
Tr ap
GPIB
Connector
INTBNSITY‘ Front <#::::$ CPU <;::::{> GP-1B ? RAMP 0 X.0UT
Panel CNT ! ‘ .
4 ; | Figure 9-1 Block Diagram of
- ‘ this Eaui
m I The AFC block encircled with s bquipment
L— - the broken lina is added to
R4131B/BN/D,/DN only. 9 - 4 oct 20783
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9.1.2 R4131 Series Configuration
R4131A/C BLR-015114 (CPU)
—{ BLR-015116 (YTO CONT/IF)
| TBLR-015117X02 (ANALDG)
WBL-4131APANEL (PANEL) BLC-015115 (KEY)
g — WBL-4131ARF (RF) BTB-015119X01 (RF ATT)
L] DPS-001519 (POWER SUPPLY) — BTB-015120 (RF 1S8T)
—| BTB-015122 (COUPLER)
— BTC-015121 (RF 2ND)
L BLC-015008X01 (RF 3RDj
R4131B/D BLR-015114 (CPU)
— BLR-015116 (Y10 CONT/IF)
— BLR-015117 (ANALOG)
D WBL-4131BPANEL (PANEL) BLC-015115 (KEY)
| WBL-4131AFC (ARC) BTB-015245 (AFC)
WBL-4131ARF (RF) BTB-015119X01 (RF ATT)
L{ DPS-001519 (POWER SUPPLY) —{ BTB-015120 (RF 1S7)
| BTB-015122 (COUPLER)
—{ BTC-015121 (RF 2ND)
L{ BLC-015008X01 (RF 3RD)
N
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9.1 Outline

RA13TAN/CN BLR-015114 (CPU)
BLR-015116 (YTD CONT/IF)
BLR-015117X02 (ANALOG)
WBL-4131ANPANEL (PANEL) BLC-015115 (KEY)
WBL-4131ANRR (RF) BTB-015119K02 (RF ATT)
DPS-001519 (PONER SUPPLY) BTB-015120 (RF 1ST)
BTB-015122 (COUPLER)
BTC-015121 (RF 2ND)
BLC-015118%02 (RF 3RD)
R4131BN/DN BLR-015114 (CPU)

BLR-015116 (YTO CONT/IF)

BLR-015117 (ANALOG)

WBL-4131BNPANEL (PANEL)

BLC-015115 (KEY)

WBL-4131AFC (AFC)

BTB-015245 (AFC)

WBL-4131BNRF (RF)

BTB-015119X02 (RF ATT)

DPS-001519 (POWER SUPPLY)

BTB-015120 (RF 1ST)

BTB-015122 (COUPLER)

BTC-015121 (RF 2ND)

BLC-015118X02 (RF 3RD)
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9.2 RF Block

9.2.1 First Mixer

3.6GHz 4.0GHz
LPF BPF 1ST MIXER

RF INPUT O— \

0

1ST IF OUT YTO POWER
47, 6GHz

Figure 9~3 First Mixer Block Diagram

(1) 3.6 GHz Low-pass Filter

The 3.6 GHz low-pass filter limits the input frequency band.

(2) 4.0 GHz Band Pass Filter

The 4.0 GHz band pass filter passes only 4 GHz frequency signals of
the first IF signals generated by the first mixer.

(3) First Mixer

The first mixer is single~balanced type. It has two ports: one mixes
the RF input signals and IF output signals which are isolated by the
LPF and BPF in the previous stage.

9.2.2 Second Mixer

4GHz BPF

4GHz
O— / \ { % )————ao 226.4MHz OUT
INPUT , z PUT

2ND MIXER

~~ ) 2ND LOCAL

Figure 9-4 Second Mixer Block Diagram
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9.2 RF Block

(1) 4.0 GHz Band Pass Filter
The 4.0 GHz band pass filter consists of two dielectric resonators.
(2) Second Local Oscillator

The second local oscillator using a dielectric resonator oscillates
the 3770 MHz frequency.

-~ g '

OUTPUT

/ 5
reulce e, | BIAS T l

ldd MH>- -12v
Figure 9-5 Second Local Oscillator

(3) Second Mixer

The second mixer converts the first IF signals (4 GHz) to the second
IF signals (226.4 MHz).

9.2.3 Third and Fourth Mixers

The second IF signals (226.4 MHz) are converted to 26.4 MHz (third IF
signals) by the third mixer and further converted to 3.58 MHz by the

fourth mixer.
The third local oscillator signal is also used as a CAL.OUT signal.

The third IF signal uses a slope signal from the YTO-CONT/IF board to
correct the frequency characteristics.

(1) 226.42 MHz Preamplifier

The 226.42 MHz preamplifier has a gain of 20 dB. L3, L4, and C9 are
input matching filters. L5, L6, and C13 are output matching filters.

(2) Third Mixer

The third mixer is designed so that it does not input signals outside
the band by using the 226.42 MHz BPF. The BPF band width is 4 MHz.
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9.2 RF Block

The BPF output is input to the isolation amplifier (Q1) and mixed with
200 MHz signals from the third local oscillator by the third mixer,
then converted to 26.4 MHz. The third mixer is a double-balanced type.

Pt - @ LOCAL

SIG @

IF

Figure 9-6 Double-balanced Mixer

(3) 200 MHz Crystal Oscillator

The base-ground Colpitts 200 MHz crystal oscillator oscillates a
200 MHz signal. It also oscillates a CAL.OUT signal (200 MHz,

-30 dBm).
(4) Gain Control Amplifier

The gain control amplifier changes the resistance of the Q1 emitter
and collector to convert the amplifier gain.

R15

02
c8

D1

-15v

Figure 9-7 Gain Control Amplifier
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9.2 RF Block

(3)

As the current flowing through the pin diode D1 changes, the

‘resistance changes. Using this characteristic, the gain control

amplifier corrects the level. D1 uses a Slope Gain signal to correct
the frequency characteristics.

L9 and R20 build a 50-ohm wide band matching circuit so that the gain
control amplifier does not affect the 26.4 MHz BPF in later stages.

The 26.4 MHz band pass filter consists of four helical resonators.
The circuit converts the signal frequency to 3.58 MHz by the fourth
mixer in the next stage. The double-balanced fourth mixer mixes
signals by using a 30 MHz signal generated by the fourth local
oscillator.

30 MHz Crystal Oscillator

The Colpitts 30 MHz crystal oscillator oscillates a 30 MHz local

signal. The circuit outputs the signal via a tank circuit (C30 and

L13) so that it is not changed by the load.
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9.3 YTO-CONT/IF Board

9.3 YTO-CONT/IF Board

9.3.1 IF Filter

IF OUT
(to LOG AMP)

IF OUT

(to REAR PANEL)

]
|
|

s e e e et e e o o o e ot ot e et o (Y e e

AMP

0/20 dB

LC FILTER
LC

LC

0/10 dB

?
<

CRYSTAL FILTER

STEP ATT
1/2/4/8 dB STEP

CRYSTAL FILTER

0/20 dB

LC

LC FILTER

[\

(from RF)

IF 1IN

9 - 12

IF Filter

Figure 9-8
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9,3 YTO-CONT/IF Board

(1)

(2)

The IF filter consists of filters having the resolution bandwidth.

The bandwidth of the filter can be switched by the center frequency of
3.58 MHz according to the setting from the front panel. The filter
with narrow bandwidths (1 kHz and 3 kHz) uses four crystal filters;
the filter with other bandwidths (1 MHz to 10 kHz) uses four LC
filters.

Input 3.58 MHz Band Pass Filter

L2, L3, L4, C2, C3, C4, and C124 form a 3.58 MHz BPF. L1, C1, and R1
form a wide-band impedance matching circuit.

L2 c2 c4 L4 t

124
Cl C3 L3

R1

Gain Adjust Amplifier

The gain adjust amplifier is non-inverse type. The circuit changes
the total gain by adjusting the variable resistor (AMPTD_CAL) on the

front panel.

AMPTD_CAL is used to change the resistance using the FET (Q1) to
change the total gain.

R6 is a thermister. It compensates the gain changed by the
temperature.

9 - 13 Oct 20/89
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9.3 YTO-CONT/IF Board

1'——‘W\I—‘_
R10

R8
RY

Teme. 2 R7

/{avvxp . R6

AMPTD
caL \[‘jf o1

Figure 9-9 Gain

When Q1 = OFF

Adjust Amplifier

R10 470
G=1+ RS + RO 1+ 120 = 4,92
G (dB) = 20 LogG = 14 (dB)
When Q1 = ON (10 ohms)
R10 470 -
= —_— = 4+ — = N
G 1+ ’T 1 240 11.63

G (dB) = 20 LogG = 21 dB

Note: RT is the resistance of R6

g -

to R9 and Q1.
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9,3 YTO-CONT/IF Board

(3) Crystal Filter

03 c7
E:x}, [ %4
—
-i
i n
! !
| o Ae |
! 1 N
I
i Rs L Cm |
{} e {>
| !
] | R17
L

Figure 9-10 Crystal Filter

The bandwidth is selectable with the switch (D1): 1 kHz or 3 kHz. C7
adjusts the symmetry of the filter.

(4) LC Filter

r;;\\ , M rEE\\
L///" D3 rse L///”
~_b4 R47 | A
~__D5 . R4S C30 /112 Rrss

Figure 9-11 LC Filter

The bandwidth is changeable from 10 kHz to 1 MHz by switching the R45
to R49. The bandwidth is narrower as the resistance is larger.
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9.3 YTO-CONT/IF Board

(5) Step Amplifier

R110

R111 R112

R105

1.4 % I 2 017 \ D18 D19 D20
D13 p1a! D15 | &
| i \'p16 b2}
|
' d

1 dB STEP ATT

e ———

0.25 STEP ATT
Figure 9-12 Step Amplifier
The step amplifier consists of three step amplifiers (U12 to U14),

four 1 dB step attenuators (Q7 to Q10), and a 0.25 dB step attenuator.

U12 and U14 are 0/20 dB step amplifiers and U13 is a 0/10 dB step
amplifier,

These step amplifiers and attenuators set the level by steps of
0.25 dB in the range from 0 4B to 59.75 dB.
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9.3 YTO-CONT/IF Board

9.3.2 YTO Controller and AFC
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9.3 YTO-CONT/IF Board

(1) ¥YTO Controller
The YTO controller consists of a controller and a driver.
The tune voltage changes depending on the set center frequency. The

YTO controller sets three digital/analog frequency bands and generates
a tune voltage by a combination of the three bands. The three D/A

converters have different setting ranges.

Table 9-1 Tune Voltage Data

Tune D/A Input data | Cent, freq, data Freq, span
MAIN A (U57) | 32 to DEH 0 to 3.5 GHz 20 MHz to 4.0 GHz

MAIN B (U56) | 00 to F9H A 25.6 MHz
FM (U58) | 00 to F9H A 128 kHz 100 kHz to 10 MHz

For the span voltage, the YTO controller converts the ramp voltage
from the ramp generator of the analog board for setting a span by two
step attenuators and adds it by the tune voltage in the U64. When the
span voltage reaches 10 MHz, a relay (K1) is switched and a noise
filter (large-capacity chemical capacitor) is inserted between the
main coils. If a charged or discharged current flows through the
capacitor, however, the current flowing through the main coil changes,

causing a frequency drift. To solve this problem, a
charger/discharger is added to charge or discharge at the main T- (See
Figure 9-3) even if the noise filter is turned off.

The frequency may also drift because of temperature change. The YTO
controller corrects the frequency by the following two methods:

C><Feeds back the voltages at the both ends of the main coil.

When the current flowing through the main coil is increased or

- decreased to change the YTO oscillation frequency, the temperature
inside the YTO controller changes and causes a frequency drift.
Temperature change also causes the main coil resistance. The
resistance change can be canceled by feeding back the voltages at both

ends of the coil.

C) Mounts a diode inside the YTO controller and feed back the on-voltage
change of the diode to the U64. As the ambient temperature changes,

the on-voltage of the diode changes.

Using the above two circuits, the YTO controller reduces frequency
drifts without the PLL.
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9.3 YTO-CONT/IF Board

(2) AFC

The AFC mounted on R4131B nperates at the frequency span of 200 MHz or
smaller and applies AFC to the YTO. The AFC function is available in
the band from 0 to 2.5 GHz.

The YTO output (4.0 to 6.5 GHz) is input to the AFC block and
converted to the 500 MHz to 812.5 MHz range by the 1/8 divider.

Then, it is compared with the 12.8 MHz oscillation signal by the phase
detector and fed back to the tune FM voltage. At this time, if a
fault is found in the phase detector output, a pulse is output to the
LOCK_IND signal line.

The AFC function is executed between sweeps. During AFC, the span is
set to 0 and the SAMP/HOLD circuit is closed. It opens when a sweep

starts.

_/

]
! ]
! I
| HOLD |SAMP.| KOLD |SAMP.! HOLD
! i
| |
l |

Figu-e 9-14 SAMP & HOLD
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9.3 YTO-CONT/IF Board

AFC operation sequence is shown below.

SWEEP END

ZERO SPAN

Normal

LOCK IND

Abnormal

SWEEP CONT

SWEEP

Figure 9-15 Flowchart for AFC
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9.4 Analog Board

9.4 Analog Board

9.4

.1 Log Amplifier
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Figure 9-16 Log Amplifier Schematic Diagram

The log amplifier consists of nine saturation amplifiers: each has a

gain of 10 dB.

Figure 9-17 shows the saturation amplifier.
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9.4 Analog Board

+15V

®

g—ﬁ- Rc @
}—o vo ouT

® ' q -
= L Il
o s T

1E1 1E2

Gain = 20 Loggg

Vsat p-p = Rc X (Igq + Ig2)

Figure 9-17 One Stage of 10 dB Amplifier

A signal from the IF block is input to the input buffer (Q1) then to
the saturation amplifier. Vg guyr is converted to the current Vp/R
and input to the current amplifier.

To amplify the current, base-ground amplifiers Q3 and Q4 are used with
Q2 and Q3, just as for the bias constant current source.

The current amplified by the base-ground amplifier is converted to the
voltage by the R19.

When a 3 Vp-p signal is input to the input buffer (Q1), the 10 dB
saturation amplifier output is all 3 Vp-p.

The current amplifier output is found as shown below.
Vi = (3/0.62R + 9 x 3/R) x R19
Assume that 3/R x R13 = V.

Vi = 10.56 V

9 - 22 Oct 20/89



R4131 SERIES
SPECTRUM ANALYZER
INSTRUCTION MANUAL

9.4 Analog Board

When the input level decreases by 10 dB, the following voltage is
output:

Vi(-10) = (3/3.16 x 1/0.62R + 9 x 3/R) X R13 = 9.49 V
Similarly,

1 1 1
V. (~20) = (—F x —— +
17200 = G * 5762 Y 37

+ 8) V=28.47V

1 1 1 1

(B30 = G *Te *To F3e T VT TR
V_(~80) = (r= + —k 4+ == +2) V= 2.43 V
I 100 10 3.16

As shown above, if the input level changes by 10 dB, the output level
changes by approximately 1 dB.

The current amplified by the log gain adjust amplifier (Q8) is sent to
the base-ground amplifiers (Q10 and Q11) and shaped to half waves for
detection. The output is input to the x7.7 amplifier via the LPF,
then to the scale attenuator or QP circuit via the 1 MHz LPF.

The scale attenuator sets the vertical axis mode (10 dB/div.,
2 dB/div.) by switching the Q12 on/of€f.

The Ul11 is a constant current source used to set the offset in
logarithms. It is switched according to the horizontal axis mode

selected.

The QP circuit detects an envelope by a detector consisting of the U13
and D13 and a discharger consisting of the R84 to R87, D13, and C43.

The D13 and C84 change for each time constant when repetitive
frequency goes high or low.

The Q15 is turned off when the bandwidth is 120 kHz and on when it is
9 kHz.

Signals detected by the QP circuit is input to the LPF then to the DC
log amplifier consisting of the U15 and U17.

The LOG or LIN/QP modes is set by the switch consisting of the U19 and
output via the U16 and output buffer.
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9.4.2 Ramp Generator

CURRENT Sucep e,
\| para SOURCE [~ —J&
DATA BUS L i L
———/| LaTCH ’
cclialk - |————— RAMP-SIG
bag . SWEEP . 7-aAXIS SIG
) J_ GENERATOR
TIMING H I
CAPACITOR
LINE SIG ——
TRIGGER
SINGLE ~—— | CIRCUIT
VIDEO SIG
Figure 9-18 Block Diagram
The ramp generator generates a ramp voltage from approximately =5 V to
+5 V which is used to sweep the YTO (first local oscillator). The
ramp voltage is also used as X-axis data by the A/D converter.
The ramp generator also generates a Z-axis signal which is used to N

reset the X-axis A/D converter.

The constant current generated from the current source of the ramp
generator is applied to the timing capacitor and generates the ramp

voltage.
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(1) Current Source

- gy +15v
|- el had bt |
'/9 | U29
|
i1/o :921

]

w L
R
R132 S § 13:;
p 13
R

+15V 133
022
N
P39 L RAMP to U2l pin 5
% c63
J:TIMING
CAPACITOR
+5V

el
S

025

Figure 9-19 Current Source Circuit

The Q22 is a current source that is used to determine the voltage of
the U21, pin 5. The voltage is used to correct the temperature of

Ve of the Q22.

The voltage of the U21, pin 5 is determined by a combination of the
R132 to R135. After the voltage is determined, the emitter current of
the Q023 flows until the voltage of the U21, pin 5 is the same as that
of the U21, pin 6. The Q23 emitter current is controlled by a
combination of the switches (U29 and Q21).

The Q23 collector current is the same as the emitter current because
the Q023 current amplifier ratio (hfe) is large.
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The constant current determined by the switches (U19 and Q21) flows
through the timing capacitor (C63), and then generates a ramp

voltage. V = % It.

The 024 and Q25 form a sweep stop controller. When a +5 signal is
applied to the base of the Q25, the Q24 and Q25 are switched on and
all currents flowing through the C63 flow through the 024 and Q25. At
this time, the ramp voltage is in hold state.

(2) Ramp Generator
—
CURRENT RAMP-OUT +15V
SOURCE
l | SWEEP
5 . COMPARATOR
—AAN— 029
[:~ 22V<__:;f25\\1 WA
C63 1: . +15V
TIMING D23
CAPACITOR 68
1
DEAD
TIME
CAPACITOR i
) L
+7.5y RESET 2 AXIS TRIGGER
OUTPUT INPUT
Q26 S~
Figure 9-20 Ramp Generator
The ramp voltage from the C63 is input to the sweep comparator U23,
pin 2. When the ramp voltage is low, the U23, pin 7 is +15 V and the
Q028 is switched on.
When the ramp voltage increases, the voltage of the U23, pin 2 reaches
2,2 V. 1In other words, when the ramp voltage is 6 V, the U23, pin 1
is inverted and the D25 is switched off. Along with this change, the
anode voltage of the D27 also changes via the dead time capacitor.
Then, the voltage of the U23, pin 7 becomes -15 V and the Q28 is
switched off.
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At the same time, the U23, pin 1 is -15 V, the D23 is switched on, and
the voltage charged by the C63 is discharged.

When the ramp voltage reaches -6 V, the U23, D23, and U21 form a close
loop to keep -6 V. The dead time capacitor (C68) is charged by the
R168 because the D27 anode voltage increases. When the voltage of the
U23, pin 5 exceeds 7.5 V, the U23, pin 7 becomes +15 V and the Q18 is
switched on.

This changes the voltage of the U23, pin 2 and the voltage of the U23,
pin 1 to +15 V. The D23 is switched off then the timing capacitor
starts charging.

Thus, the ramp generator generates a ramp voltage.

The dead time of the ramp voltage is determined by the R168 and C68.
The Q26 is switched on when the trigger mode is set to line, video, or
single. Then the D27 anode voltage is set to 7.5 V or less. When the
ramp voltage reaches 6 V, the U23, pin 1 is inverted and the Q28 is
switched off. When it reaches -6 V, the U23, pin 1 is kept constant.

If the Q29 is switched on by a trigger signal, the voltage of the 123,

pin 1 becomes +15 V and the D23 is switched off. Then, the timing
capacitor C63 starts charging and a ramp voltage is generated.
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9.4.3 A/D Converter
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9.4 Analog Board

(1)

(2)

X-axis A/D Converter

The X-axis A/D converter compares the voltage generated by the ramp
generator and outputs data from the counter with the D/A converted
value. The comparator U47 is inverted when the difference between the

current generated by VREF and the current generated by the sweep
voltage match the current generated by D/A converter input data. At
this time the converter latches the counter and at the same time

starts Y-axis A/D by *YADS.
Y-axis A/D Converter

The Y-axis A/D converter converts data analog to digital via the peak
detector by the successive approximation for display data.

The peak detector mode is selectable using the input waveform: POSI
or NEGA.

When a *YADS signal is input to the U74 from the X-axis A/D converter,
the Y-axis A/D converter starts Y—-axis A/D conversion and outputs QCC
from the SAR (U74) successive comparator. Then, converted Y-axis data
is latchked by the U77.

The converter issues *BUSRQ to the CPU board. When receiving a *BUSAK
signal from the board, it selects the fresh memory on the CPU board by
*ADCS and transfers it from the A/D board to the CPU board by a direct

memory access (DMA).

When a *ADCS signal is input to the OE terminal of the X-axis and
Y-axis latch circuits (U52 and U77), the A/D converter is set to the

output mode.
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9.4.4 Analyzer Test
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Figure 9-22 Analyzer Test

The R4131 Series has an adjustment function on the screen display. It
generates a stable reference voltage and divides it into the 4 V
reference voltage. The output is sent to the A/D converter and
displayed on the top of the scale. The A/D gain can be adjusted by
the 4 V power without DVM. The operator -simply aligns the displayed
line on the top of the scale. Similarly, adjust the A/D offset by
setting the U85 switch to (:) (Figure 9-22) so that the displayed line
is on the bottom of the scale.

When the U85 switch is set to (@), the three power sources and slope
gain of the YTO CONT/IF board can be tested.
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Move the mark
keys.

These operations can be set by keys.
press as follows:

ST o

O

The screen shown

below appears.

To start the analyzer test mode,

+4

AN

LYZER TEST #Y ,OF

Y ,GA
REF,

+13

REF,

REF,
SLOE

0| ee o

-13)
+10
E 0

< <

<<uwum

SLOE

E 2

V/Gl

QUIT | : UNIT

Figure 9-23 Analyzer Test Display
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10. Calibration and Adjustments

10. CALIBRATION AND ADJUSTMENTS

This section describes the procedures for making basic checks on the R4131
and for calibrating them after performance testing.
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10.1 Preparation

10.1 Preparation

Table 10-1 lists the equipment and tools required for calibration and

adjustment.

Use equipment and tools equivalent or superior in performance

to these.
Table 10-1 Equipﬁent and Tools Required for Calibration and Adjustment
, Recommended
Equipment Performance .
equipment
Digital voltmeter | Range : #1000V TR6846
Accuracy : +0.1% (Voltage
Input impedance: 10 MQ adjustment)
Synthesized Frequency range : TR4511
signal generator Frequency accuracy: Adjustment for
YTO CONT/IF
10 dB step Frequency range: DC to 500 MHz Adjustment for
attenuator Variable : 0 to 80 dB or more LOG AMP
Accuracy : +0.5 dB or less
1 dB step Frequency range: DC to 500 MHz Adjustment for
attenuator Variable : 0 to 10 or more LOG AMP
Accuracy : +0.2 dB or less
Spectrum analyzer |Frequency range : 10 MHz to 4 GHz R4136
Frequency accuracy: +100 kHz Adjustment for
RF
Spectrum analyzer |Frequency range : 10 Hz to 120 MHz | TR4171
Tracking generator output: 10 Hz to 120 MHz | or

T.G. output flatness
Impedance

+1 dB
50 @ and 1 MQ

R4136 + TR4154
Adjustment for
IF FILTER

Table 10-2 Maintenance Tools Required for Calibration and Adjustment

Product name Stock number Remarks
Cable (SMA-SMA) MM-14
Cable (BNC-UM) MC-36 2 pcs.
Cable (BNC-BNC) MI-02
UM to UM linear adapter | JCF-AC001JX07-1 UM-QA~-JJ

10 - 2
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10.1 Preparation

(1) Notes on Adjustment s

Before adjustment, performs the following operations:
SHIFT LeL

(:) Before setting the Power switch to OFF, press [:] and [:].

This operation sets correct data set by the CPU to zeros when ZERO CAL
is executed.

Corrected data is not erased even if the power is switched off. To
reset correction, press these keys again.

(@ Adjust the R4131B/BN/D/DN having the AFC function as follows:

STIRT
/RESET

- Set the Power switch to ON while the [:] key is pressed down.

- The message "strike any key" appears on the screen.

TRIGGER

- Press the [:] key and the following screen appears:

<TYPE>:$#R4131A  (50)
R4131B  (50) (AFC)
R4131AN (75)
R4131BN (75) (AFC)

<OPTION>: OBW off

TDEDIV
- Move the mark "#" to the R4131A or R4131AN with the [:] keys.

[=]

R4131B R4131A
R4131BN R4131AN
TRIGGER

- Press the [:] key.
- Adjust the values.
- Return setting to the original type.

R4131A - R4131B
R4131AN » R4131BN
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10.2 A/D Adjustment (Analog Board)
(BLR-015117)
SHIF ™ = SIPRIRESET — JAITS const feglne Sheb/la—
MeNuer be !

Unbed /gt 2lnpelcn
10.2 A/D Adjustment (Analog Board) (BLR-015117)

G) Measure the voltage between the TP19 and TP!1 (GND) by the DMM and
remember the measured value (Vppqg).

C) Adjust the variable resistors so that the voltages of the TP20, TP21,

and TP22 are as shown in Table 10-3. (This adjustment is available
for the R4131B/BN/D/DN only.)

Table 10-3 TP20, TP21, TP22 Voltage Adjustment Values

n ’ ak
Rellr oo fkﬂi TP Voltage VR ~—
TP20 V&P19 + 10 mV | R241
TP21 R258
TP22 R277
SHIFT i

C) Press [:]r Eﬁ r and Eﬁ.
(:) The following data appears on the screen display:
Pk F17 gy Ples ]9 (28

/

+4 VvV mf“-M€SSFCf/) .

ANALYZER TEST| : #X,OFF

T Y,GAIN o

: REF,+13.5 V R2ad | eut TEFoe
i : REF,-13.5 V o ))WD Corkr.
; +—REF,[+10 |V r232 / gemesie 1! '7&). P
SLOBE 0|V cof Plabine V¥natop

: SLOBE 2|V/GHz

QUIT | : UNIT

C) Move the mark "#" to Y.OFF with the ri{}gJand | o | keys.

C) Adjust the R308 so that the displayed line aligns with the bottom line
on the scale.

C) Similarly, move the mark "#" to Y.GAIN with the [ O l and[7{}4J keys.

~Sw["’P’3 DA Sod’f ©Gan //FPZ\% cnd zQJw{ .<§‘7 i elt i C mct R29¢ J“S‘}

_SLOPC ’D? : gc‘o/yy( A ’T’\PZQ tam of @/VLP Symweﬁvm’ kK307 Jtef D(\/
- {

r-)cL\Lumfl Rechteck J.Hm# _10 - 4 Oct 20/89
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(BLR-015117)

Adjust the R310 so that the displayed line aligns with the top line on
the scale.

UNITS

@ Press the [ ] key to initialize the R4131.

@ Set the local feed-through to the center of the screen at the span
20 MHz.

@ If the local feed-through is not at the center when the span is
returned to 4 GHz, adjust the R233 so that it comes to the center.

(X-axis and position adjustment)

12) Set the local feed-through at the center of the screen and change the

span to 1 MHz and RBW to 30 kHz.

SHIFT

@ Set the display detection mode to POSI with the Ej and @ keys.

POS_PK
DET

Adjust the R296 so that the waveforms are smoothed.

SHIF)

@D set the display detection mode from POSI to NEGA with the [_| and [9]
NORMAL
keys. DET

Adjust the R302 so that waveforms are smoothed.
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10.3 LOG Amplifier Adjustment (Analog Board)

(BLR-015117)

10.3 LOG Amplifier Adjustment (Analog Board)

(BLR-015117)

SHIFT

(:) Disconnect the UM cable from the J4 and press E:] and [:] to set the

X-axis to the linear mode.

LINEAR

75

(:) Adjust the R57 and R72 so that voltage of the TP13 and TPA¥ is within

+1 mV.
) Voltage | VR
Apa WP TP.13| #1 mv | RS7
TP.25 R72

(:) Connect the log amplifier as shown in
(:) Set the signal generator as follows:

Frequency: 3.5789 MHz
Amplitude: -1 dBm

Figure 10-1.

ANALOG BOARD

J4

STEP ATT

Q

SYNTHESIZED L—-——————-

SIGNAL GENERATOR

Figure 10-1 Log Amplifier Adjustment
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~ 10.3 LOG Amplifier Adjustment (Analog Board)
(BLR-015117)

Set the R4131 as follows:

@

Frequency span: 1 GHz

10 dB/DIV

Set the step attenuator to 0 d4B.

Adjust the R40 so that the waveform aligns with the top line on the
scale.

Set the step attenuator to 70 dB.

©® O

Adjust the R69 so that the waveform aligns with the second line from
the bottom on the scale.

Repeat steps (E) to (:).
Set the R4131 to 2 dB/div.

Set the step attenuator to 0 dB.

@ O

Adjust the R65 so that the waveform aligns with the top line on the
scale.

)

14 Set the R4131 to LINEAR.

&

(:) Adjust the R38 so that the waveform aligns with the top line cn the
scale. ’

Set the R4131 to QP.

C) Adjust the R109 so that the waveform aligns with the top line on the
scale.

Set the step attenuator to 20 dB.

QE) Adjust the R102 so that the waveform aligns with the middle line on
the scale.

@D Set the step attenuator to 35 dB.

C) Adjust the R96 so that the waveform aligns with the second line from
the bottom on the scale.

@ Repeat steps @ to @ .
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10.4 IF Filter Adjustment (YTO-CONT/IF Board)
10.4.1 3.58 MHz BPF Adjustment
(1) set the TR4171 as follows:

INPUT IMPEDANCE : 1 MQ

MAG mode

CENTER FREQ. H 3.5795 MHz
FREQ. SPAN : 5 MHz

REF. LEVEL : =30 dBm
TG LEVEL : =10 dBm

1 dB/DIV.

(:) Connect the units as shown in Figure 10-2.

R4131
TR4171
no._n
INPUT
TG 2
P poo

Figure 10-2 3.58 MHz BPF Adjustment

(3) Turn the core of the L1 to L4 to adjust the waveform so that its peak
is at 3.5789 MHz.

H““uwyhnf mit  Sope - /K

( hooﬁvt?/ﬁm.' ge lve“u-wf?%wt )

TG Seit -
et | am s Sipnel ovk
{ FLng (

| 336172
)3 ' /'(_’“l.(copc}&- S S’”‘"L o

Scope @ls 2uischen vorshir ke

VerGen olen | 1A ch oy e 10 - 8 Oct 20/89
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10.4 IF Filter Adjustment (YTO-CONT/IF
Board)

CENTER FREQ.
3.5795MHz

Y
- o

N
Il \

/
~ l
I
/
| |

\ SPAN: SMHz

Figure 10-3 Waveform of 3.58 MHz BPF

10.4.2 Crystal Filter Adjustment

(:) Connect the units as shown in Figure 10-4.

R4131

TR4171

Figure 10-4 Crystal Filter Adjustment
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10.4 IF Filter Adjustment (YTO-CONT/IF
Board)

©)

S, ®@ ©®© & ©

®

CENTER FREQ. 3.5789MHz

J

1Y

SPAN
50kHz

Figure 10-5 Waveform of Crystal Filter

Set the TR4171 as follows:

CENTER FREQ.: 3.5795 MHz
FREQ. SPAN : 50 kHz
10 dB/DIV.

Set the R4131 as follows:

RBW: 3 kHz

Connect the TP1 with the INPUT2 of the TR4171 and adjust the C9 so
that the waveform is symmetrical. Then adjust the L8 so that the peak
of the waveform is at its lowest level,

Connect the TP2 with the INPUT2 of the TR4171 and adjust the C18 so
that the waveform is symmetrical. Then adjust the L10 so that the
peak of the waveform is at its lowest level.

SHIFT TNPUT ATTENUATOR

Press , D, Eﬂ and set the R4131 as follows:

Connect the TP9 with the INPUT2 of the TR4171 and adjust the C99 so
that the waveform is symmetrical. Adjust the L27 so that the peak of
the waveform is at its lowest level.

Connect the TP10 with the INPUT2 of the TR4171 and adjust the C108 so

that the waveform is symmetrical. Adjust the L28 so that the peak of
the waveform is at its lowest level.
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10.4 IF Filter Adjustment (YTO-CONT/IF
Board)

(g) Adjust the L29 so that the waveform is at its maximum size.

10.4.3 LC Filter Adjustment

R4131
TR4171

Figure 10-6 LC Filter Adjustment

(:) Set the TR4171 as follows:

CENTER FREQ.: 3.5789 MHz
FREQ. SPAN : 100 kHz
2 dB/DIV.

Set the R4131 as follows:

®

RBW: 10 kHz

Connect the TP4 with the INPUT2 of the TR4171 and adjust REF.LEVEL so
that the waveform appears on the screen.

Adjust the L12 so that the waveform aligns with the center frequency.

Connect a probe to the TP5 and adjust REF.LEVEL so that the waveform
appears on the screen.

Adjust the L13 so that the waveform aligns with the center frequency.

OO 6 ©

Connect a probe to the TP7 and adjust REF.LEVEL of the TR4171 so that
the waveform appears on the screen.
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10.4 IF Filter Adjustment (YTO-CONT/IF
Board)

Adjust the L23 so that the waveform aligns with the center frequency.

(g) Connect a probe to the TP8 and adjust REF.LEVEL of the TR4171 so that
the waveform appears on the screen.

Adjust the L24 so that the waveform aligne with the center frequency.

10.4.4 Resolution Bandwidth Level Adjustment

(1) connect the TP5 with the INPUT2 of the TR4171.
(g) Set the TR4171 as follows:

CENTER FREQ.: 3.5795 MHz

FREQ. SPAN : 100 kHz

2 dB/DIV.

Set the R4131 as follows:

©

RBW: 300 kHz

Adjust REF.LEVEL so that the waveform positions at the center on the
scale of the TR4171 and store the waveform.

Set the R4131 as follows:

RBW: 10 kHz

Adjust the R67 so that RBW is set to the same level as at 300 kHz.

O ©® ®

Set the R4131 as follows:

RBW: 3 kHz

Adjust the R35 so that RBW is set to the same level as at 300 kHz.
Connect the J8 with the INPUT2 of the TR4171.

10) Set the R4131 as follows:

e ©E

RBW: 300 kHz

(:) Adjust REF.LEVEL so that the waveform positions at the center on the
scale of the TR4171 and store the waveform.

@2 set the R4131 as follows:

RBW: 10 kHz

(:) Adjust the R141 so that RBW is set to the same level as at 300 kHz.
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10.4 IF Filter Adjustment (YTO-CONT/IF

Board)
QED Set the R4131 as follows:
RBW: 3 kHz
659 Adjust the R184 so that RBW is set to the same level at 300 kHz.
10.4.5 Step Amplifier Adjustment
(:) Connect the units as shown in Figure 10-7.
Figure 10-7 Step AMP Adjustment
(2) set the R4131 as follows:
RBW: 300 kHz
(:) Set the TR4171 as follows:
CENTER FREQ.: 3.5789 MHz
FREQ. SPAN : 200 kHz
REF. LEVEL : =10 dBm
TG LEVEL : =30 dBm
1 dB/DIV.
Oct 20/89
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10.4 IF Filter Adjustment (YTO-CONT/IF

Board)

(3) Set and adjust R4131 REF.LEVEL and external ATT as shown in Table 10-4
using the R4131 REF.LEVEL as reference.

Table 10-4 Step Amplifier Adjustment

REF.LEVEL 0 dBm -10 dBm | =20 dBm | =30 dBm | -40 dBm| -50 dBm
External ATT value| 0 dB 10 dB 20 dB 30 dB 40 dB 50 4B
VR to be adjusted Reference | R89 R75 Check R123 Check

10 - 14 Oct 20/89
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10.5 YTO-CONT Adjustment (YTO-CONT/IF Board)
(BLR-015116)

10.5 YTO-CONT Adjustment (YTO-CONT/IF Board) (BLR-015116)
SHIFT LeL
(Z) Press_[:], [:], and set the Power switch to OFF. Then set the Power
SHIFT sy «- /s . oy L. !
switch to ON and press ’ Eﬁ » and 9. I orvel ks b Ricls

(:) The following data appears on the screen display:

+4 VvV

ANALYZER TEST, Y ,OFF
Y,GAIN
REF,+13.
REF,-13,
REF,+10
SLORE 0
SLOHE 2|V/GHz

<<

<< uln

QUIT NIT

.
[ond

Figure 10-8 Analyzer Test Display

Move the mark "#" to REF.+10 V with the and vkeys.

Adjust the R232 so that the displayed line aligns the top line on the
scale.

® ©

Move the mark "#" to REF.-13.5 V with the [ O ]and { {}A1 keys.

Adjust the R240 so that the displayed line aligns the top line on the
scale.

Move the mark "#" to REF.+13 V with the | O ‘land l © l keys.

®0 @O

Check whether the displayed line is almost overlapped on the top line
on the scale.

Set the offset of the R4131 as follows:

©

CENTER FREQ.: 0 MHz
FREQ. SPAN : 20 MHz

Set the local feed-through to the center of the screen by the encoder.
C) Adjust the R355 so that the local feed-through does not shift

horizontally even if the frequency span is set to 10 MHz.
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10.5 YTO-CONT Adjustment (YTO-CONT/IF Board)
(BLR-015116)

@ Main Span

Connect the units as shown in Figure 10-9.

R4131
@)
INPUT
o
SG
OUTPUT
(o]

Figure 10~-9 Adjustment for Main Span

@ Set the SG as follows:

FREQUENCY: 800 MHz
AMPLITUDE: +10 dBm

Set the R4131 as follows:

CENTER FREQ.: 2 GHz
FREQ. SPAN : 4 GHz —

@ Adjust the R308 so that the spectrum aligns the scale.
@ Set the SG of FM span as follows:

FREQUENCY: 80 MHz
AMPLITUDE: +0 dBm

@ Set the R4131 as follows:
FREQ. SPAN: 10 MHz

Adjust the R319 so that the spectrum aligns the first vertical line
from both ends of the scale.

RAST Q#Sd? loMHZ Ipm ! Local {)_@\o/l%vuu?[\ ‘A&
Cen e & H2 /(&»" §3Qm Ld 11 H?2 @a{/uf/‘—

R3ISY  Jo @ Hz . Check !
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10.5 YTO-CONT Adjustment (YTO-CONT/IF Board)
(BLR~015116)

Stk Of%' NEC ]
@ Set the SG of OM tune A as follows:

FREQUENCY: 800 MHz
AMPLITUDE: +0 dBm

@ R4131 as follows:

CENTER FREQ.: 0 MHz
FREQ. SPAN : 20 MHz
CF CAL

@ Adjust the R287 so that the local feed-through is 0 MHz *2 MHz.
@ Set the R4131 as follows:

CENTER FREQ.: 3200 MHz
FREQ. SPAN : 20 MHz
CF CAL

@ Adjust the R270 so that the spectrum is 3200 MHz +2 MHz.

@@ Repeat steps @ to @ .

@ Tune B

Set the Power switch of the R4131 to OFF.

OFF

@ Set the Power switch to ON while the [:] key is pressed down.

@ The following data appears on the screen display:

A : 96
B : 32
FM: 32
J1,Dec,87

@8 set the R4131 as follows:

CENTER FREQ.: 0 MHz
FREQ. SPAN : 20 MHz

@' Turn the encoder so that B: 05 is set.

STORE WRITE

@s Press [__-I and D
@ Turn the encoder so that B: CD is set.

Adjust the R269 so that the current waveform aligns the stored
waveform.
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10.5 YTO-CONT Adjustment (YTO-CONT/IF Board)
(BLR-015116)

@ Tune FM

Set the R4131 as follows:

CENTER FREQ.: 0 MHz
FREQ. SPAN : 200 kHz
SWEEP TIME : 5 ms/

Turn the encoder so that FM: F8 is set.
STORE

Press Ej and ﬁ .

Turn the encoder so that FM: 32 is set.

Adjust the R317 so that the spectrum aligns the stored waveform.

® Qe

Slope

SHIFT START.

Press [:] ’ fﬁ » and tﬁ‘and data shown in Figure 2-8 appears.

@ Move the mark "#" to SLOPE_O0 V with the and’ keys.
@

@0 Adjust the R261 so that the displayed line aligns with the bottom
line on the scale.

Similarly, move the mark "#" to SLOPE_2 V/GHz with the and

‘ O ikeys.

@:) Adjust the R257 so that the displayed line aligns with the top line
on the scale.

é‘to(f’*l- g@u‘n R 283 55«701&4 2 pens i T@l@/dzm; vac

brivpen | Falls Dol ber 3,5 Mz

2ec f,/:: /2 . *”L7"$(/f?€r cé n& 01(, /'-J/w\/"g ./
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10.6 RF Block Adjustment

10.6 RF Block Adjustment

10.6.1 Third Local Oscillator Adjustment

(1) connect the R4136 INPUT to the CAL.OUT connector.

(:) Set the R4136 as follows:

CENTER FREQ.: 200 MHz

FREQ. SPAN : 20 kHz
REF. LEVEL : =25 dBm
RBW : 1 kHz
10 dB/D1IV.

(:) Adjust the C20 so that spectrum positions at the center of the
oscillating start frequency and stop frequency.

(:) Set the R4136 as follows:

1 dB/D1V.

(5) adjust the R27 so that the CAL.OUT level is -30 dBm #0.5 4B.

10.6.2 Second Local Oscillator Adjustment

(:) Connect 2ND LOCAL OUT on the rear panel of the R4131 to R4136 INPUT.

C) Set the R4136 as follows:

CENTER FREQ.: 3770 MHz
FREQ. SPAN : 2 MHz

Turn the adjusting bar on the upper cover of the second local block so
that the frequency is 3774 MHz.

10.6.3 Fourth Local Oscillator Adjustment

(:) Remove a shorting pin from the J3 and connect a probe to the J3, pin 2.
C) Set the R4136 as follows:

CENTER FREQ.: 30 MHz
FREQ. SPAN : 500 kHz
REF. LEVEL : 0 dBm

2 dB/DIV.

(:) Adjust the L13 so that the peak of the waveform is set.

To tal Gain p4§ (enle ?&ZI'VI o Fronf . //Qa{Jz;s F o RAY
Fillee (46~ (490 §2 e Speife wof « CB A [TE MMHz o))
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10.7 Location Diagram of YTO CONT/IF Board

10.7 Location Diagram of YTO

CONT/IF Board

J2 J3
TP16
o
TP17
[
TP23 R148
© oTP24
R296
R277
Q R302
TP22  1po0 wl
[+] ° o
R311 R75
— R102
R308
Jl R69 R72 %? R109
M%) 1%5 ™14 @
R65
R%‘ll R258 Q
R60
TP1 o TP19 =
o TP18 ©
R233 @ R57
R9  |TOTAL-GAIN
o TP11
R35 |3K apJ.1
R67 |10K ADJ.1
R75 |20 DB
R89 |10 DB o TP12
R123 |40 DB
R141 | 10K ADJ.2 © ra0 J4
@ Rr3s
R184 | 3K ADJ.2 Ep
R232 |+10V AD
v ADJ IF IN 3.58MHz
1 R240 {13.5V ADD (from YTO_CONT/IF)
R253 |SLOP.G
R257 |2V/G_ADJ
R261°|0V_ADJ
R269 |TUNE_B
R270 |TUNE_A
R287 | OM ADJ
R308 |M_SPAN
R317 | TUNE_FM
R319 |FM_SPAN
R355 | OFF_SET

Figure 10-10 Location Diagram of YTO CONT/IF Board
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10.8 Location Diagram of Analog Board

10.8 Location Diagram of Analog Board

TP12
o ° Q Q [::] Tpg3 39 [(B] 1F ouT (to REAR PANEL)
R232 R253 R261
© R240 o 213 L29 A1e4 38 [p| 1F oUT (to ANALOG)
TP11
° R357 TP10 o %) D 128
R287 @o ®R270 ) ®
P16 Qr308 335 TP20  TP17
o TP1S ° ° TP9 ® D L27
o
o TP19 ' 124 o TF8
R319® © =317 TP7
D269 °
. L23
J3 N Ji R141
TP2 g
J4 ERE | B '
'
to vTO © Ri23 356
R38 LIN GAIN
— TP21
R40 LOG GAIN o
| R89
R57 OFFSET] @
R75
R65 2DB1 L13 1% ©
[o]
R69 | 10DB1 Re7 00
R72 OFFSET2
12 TP4 o
R96 |QP_2ERO

R102 |QP_GAIN

R109 {QP_4V
R148 |SWEEP_ADJ uo[] ®
R233 |X_OFF wp2 L8

R241 |P_OFF

R258 |N_OFF . ] [

R277 |P/N_OFF

L2
R296 |SLOPE 0,1 , O 0O
IF 1N | ] g7 o R9

R302 SLOPE__O,Z (from RF) :j TPl @
R308 |Y_OFF
R311 |Y_GAIN

Figure 10-11 Location Diagram of Analog Board
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11. Performance Testing

11. PERFORMANCE TESTING

This section describes performance test procedures for the R4131.
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11.1 Preparation

111

Preparation

The equipment for the performance testing are listed in Tables 11-1.

Table 11-1 Equipment Required for Performance Testing
Equipment Specifications Recommended model
(1) Synthesized signal TR4511
source
(2) Function generator | Frequency accuracy: 0.5% or
less
(3) 10 dB step ATT Accuracy: *0.5 dB or less,
0 to 70 dB or more
1 dB step ATT Accuracy: +0.1 dB or less,
0 to 12 dB or more
(4) Power meter Frequency range: 10 MHz to
8 GHz
(5) Power sensor
(6) Sweep oscillator Frequency range: 10 MHz to TR4515
8 GHz
(7) Sweep adapter TR13211
(8) ZT301

Impedance converter

11 -2
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11.2 General Precautions

11.2 General Precautions

(1) Always operate the instrument at the specified voltage. Refer to
Section 1.3 for the power line voltage.

(2) The operating temperature range should be 00C to 50°C, and the
relative humidity less than 85%.

(3) Warm up the instrument for about 30 minutes before starting the
performance test.
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11.3 Frequency Span Accuracy

11.3 Frequency Span Accuracy

Specification : The frequency span between two arbitrary points on the

display screen must be *#5% or less.

Equipment used: Synthesized signal source, function generator

(1)

(2)

Description

Test the accuracy of frequency span by using the synthesized signal

source and function generator.
Use the 800 MHz radio frequency of the synthesized signal for the

frequency span of 4 GHz to 1 GHz.

For the frequency span of 500 MHz to 500 kHz, use the reference

synthesized signal subtracted by the span width frequency. \J
For the frequency span of 200 kHz to 50 kHz, use the pulse modulation

synthesized signal of the function generator.
Procedure

Set the R4131 as follows:

FREQUENCY SPAN : 4 GHz
RESOLUTION BANDWIDTH AUTO (1 MHzw)
REFERENCE LEVEL COARSE, 10 dB/DIV, -10 dBm

INPUT ATTENUATOR 0 dB
TRACE WRITE
VIDEO FILTER BAND WIDTH: 1 MHz
SWEEP TRIGGER : FREE RUN

Test frequency spans from 4 GHz to 1 GHz
Referring to Figure 11-1, connect the output of TR4511 synthesized

signal source to the INPUT connector of the spectrum analyzer.

Set the output of TR4511 synthesized signal sourse to -5 dBm, 800 MHz, —
modulation off.

Turning the TUNING dial on the spectrum analyzer, adjust the local
feedthrough (zero carrier wave) to position it on the leftmost
graticule on the display screen. Check that the 4th signal (3.2 GHz)
from the local feedthrough (without counting the feedthrough itself)
is positioned on or within $0.4 division of the eighth graticule from
the left most graticule (without counting the leftmost graticule

‘itself). (See Figure 11-1.)
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11.3 Frequency Span Accuracy

BeLHIVISIIN 2QUOMI 12 - 461z

h 104t/
- - AMH L w

8th graticule line

Local feedthrough'——
&K

4th signal
¥ |
- | Fx0.44iv

4 X M - piff 1 S0
5 i e S —~
R o ) indtiiba A
3 X pdd WA 7Y 3%
AL IR, AL AL I LUK M0 80 000 Bebnd AN :

ST 10ms/ ATT  OuB VFE MMz

Figure 11-1 Frequency Span 4 GHz Test

(:) With the spectrum analyzer SPAN switch set to 2 GHz, turn the TUNING
dial to position the local feedthrough on the leftmost graticuie on
the display screen. Check that the second signal (1.6 GHz) from the
local feedthrough is positioned within 0.4 division of the eighth

graticule from the left.

(:) Next, with the spectrum analyzer SPAN switch set to 1 GHz, turn the
TUNING dial to position the local feedthrough on the leftmost
graticule on the display screen. Check that the first signal (800
MHz) from the local feedthrough is positioned within +0.4 division of
the eighth graticule from the left.
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11.3 Frequency Span Accuracy

R4131
TR4511 o ) s
) [Eleadnog
15 0
oo 5~®
[ S _wnmwe v
~ i I L
IS
e it ew wvcmass smarion ==1° &6lg 5
D | = &% 55 =gge @
- w— Lo —

FUNCTION
GENERATOR

Figure 11-2 Frequency Span Test Setup

<:) Test frequency spans 500 MHz to 500 kHz.

Set the spectrum analyzer INPUT ATTENUATOR switch to 10 dB and the
SPAN switch to 500 MHz.

Set the output of TR4511 synthesized signal source to -10 dBm, 1 GHz
modulation off.

(:) Turning the TUNING dial, adjust the 1 GHz input signal to the leftmost
graticule on the display screen.

Set the output frequency of the TR4511 synthesized signal source to
1.4 GHz. Check that the signal is positioned on the eighth graticule
from the leftmost graticule on the display screen (or within +0.4
division of the eighth graticule). (See Figure 11-3.)
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11.3 Fréquency Span Accuracy

8th graticule line
L 1250MHz \ 500MHz

L] N 1dp/
Graticule reference line L0am.

A Ew

- || ¥l10.44div

-’; ) I.-U l;l!i/ o

LTI

C0dB VF IMHZ

A‘l'.il‘.‘

Figure 11-3° Frequency Span 500 MHz Test

C) Perform similar tests by reducing the frequency span to 200 MHz,
100 MHz, and finally to 500 kHz. For each frequency span, adjuast the
1 GHz signal to be on the leftmost graticule on the display screen;
then, apply a signal having a frequency equal to 1 GHz + 0.8 x span,
checking that the input signal is positioned on the eighth graticule
from the leftmost graticule on the screen (or within #0.4 divisicn of
the eighth graticule).
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11.3 Frequency Span Accuracy

Table 11-2 Frequency Span 500 MHz to 500 kHz Test

Signal adjusted to be onjg .o o ;.

Frequency span|the leftmost graticule t sional Tolerance
on the display screen put signa
500 MHz 1 GHz 1.4 GHz Check that the second
input signal is posi-
200 MHz 1 GHz , 1.16 GHz tioned on the eighth
100M 1 GHz 1.08 GHz graticule from the
50M 1 GHz 1.04 GHz leftm?st graticule on
the display screen (or
20M 1 GHz 1.016 GHz |within #0.4 division of
. i i . -
10M 1 GHz 1.008 GHz the eighth graticule.} —
5M 1 GHz 1.004 GHz
2M 1 GHz 1.0016 GHz
™ 1 GHz 1.0008 GHz
500k 1 GHz 1.0004 GHz

T
(E)

Next, perform frequency span 200 kHz to 50 kHz tests using the same
setup as shown in Figure 11-2,

Set the output of the TR4511 synthesized signal source as follows:
Frequency: 1 GHz

Modulation: External pulse modulatio

Output level: -10 dBm '

Set the function generator as follows:

Waveform: Square wave

Output amplitude: 0 to +5 V

~_
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11 .3 Frequency Span Accuracy

Set the output frequency of the function generator to 20 kHz.
Turn the TUNING dial to bring the reference spectrum to the leftmost

graticule on the display screen.
the reference spectrum is positioned on the eighth graticule from the

leftmost graticule on the display screen (or within #0.4 division of

the eighth graticule).

-10d8m 998. g98MHz 8th

Graticule reference line

Check that the eighth signal from

(See Figure 11-4.)

200kHz
graticule line 1048/

N

\ 1kHzW

I

f——— |
— ]

I - I =10.4d1iv

J——— ]

L[l

|
| :
] |
|
|

R S S

|

ST SOms/

|
|
}I

e i

1
3 TH T

ATT 104B VF1MHz

Figure 11-4 Frequency Span 200 kHz Test

(:) Similarly, test frequency span 100 kHz and 50 kHz by referring to

Table 11-3.

Table 11-3 Tests for Frequency Spans of 200 kHz or Less

Eighth span posit.ion

Span Function generator
output frequency
200 kHz 20 kHz Within +0.4 division of the
eighth graticule from the
100 kHz 10 kHz leftmost graticule on the
display screen
50 kHz 5 kHz
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11.4 Center Frequency Readout Accuracy

11.4 Center Frequency Readout Accuracy

Specification : R4131A/AN/C/CN ...
Less than +10 MHz
After ZERO CAL
R4131B/BN/D/DN ...
Less than *#100 kHz + SPAN 3% or less
after ZERO CAL
Within the range of 0 Hz to 2.5 GHz in center frequency
and 5 ms to 0.5 S/DIV in sweep time.
Less than #10 MHz

After ZERO CAL
Center frequency 2.5 GHz or more.
Equipment used: TR4511 —

(1) Description

Display the signal applied from the TR4511 synthesized signal source
to the R4131 in the center of the display screen and test this center

frequency as displayed.

NOTE: Perform zero calibration before performing the center frequency
readout accuracy test. (See Section 4-3)

(2) Procedure

(:) With the spectrum analyzer INPUT connector open, press the ZERO CAL
switch to perform zero calibration.

(:) Set the spectrum analyzer as follows:

FREQUENCY SPAN : 4 GHz
RESOLUTION BANDWIDTH : AUTO (1 MHzw)
REFERENCE LEVEL : COARSE, 10 dB/DIV, 0 dBm -
INPUT ATTENUATOR : 10 dB
TRACE : WRITE
VIDEO FILTER BAND WIDTH: 1 MHz
SWEEP TRIGGER : FREE RUN
R4131
5 — TR4511
HOQ
@) D8 2o oo
By °oB T g8|sade
— clof e 1 o O |2
s Z5 oalalgize N s
£ 65 O ¢ o) =S — 15008 OB 0
2 0= @.5 % (B~u0|@epddeda [o.G h
| S— - -

Figure 11-5 Center frequency readout accuracy test setup
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11.4 Center Frequency Readout Acciracy

(§> Set the frequecny to test the TR4517 synthesized signal source. An
example of 1 GHz.

(:) Set the dial of spectrum analyzer to 1000 MHz, gradually decrease the
frequency span from 4G, 2G, 1G and so on, and set the frequency span

so that the waveforms can be displayed within the screen.

(5) Make sure that the shift from the center frequency is within the range
of specifications (see Figure 11-6).

LA 1_”‘_?{”_,_;".(;M{_i/u.l_...‘.._....._._. _oMiiz

| I
+10MHz or less R4131A)1

e

bl ol e A B totlorda Py aabondied

ST oooms/ AT 10Ul VF AMHZ

Figure 11-6 Center Frequency Readout Accuracy Test
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11.5 Residual FM
11.5 Residual FM

Specification: Less than 2 kHzp /100 ms

(1) Description:

The calibration signal with a stabilized frequency from this spectrum

analyzer is used to perform the residual FM test. The test is performed

by FM demodulation by using the R4131 as a fixed tuned receiver with its

frequency span set to zero span.

Demodulation is accomplished by using the slope of the spectrum analyzer

IF bandpass filter.

NOTE: When performing the residual FM test, install the spectrum analyzer
in a place free from vibration, because accuracy of measurement is —
extremely susceptible to vibrations.

(2) Procedure

(:) Set the spectrum analyzer as follows:

FREQUENCY SPAN : 100 MHz
CENTER FREQ : 200 MHz
RESOLUTION BANDWIDTH : AUTO (300 kHzw)
REFERENCE LEVEL : COARSE, 2 dB/D1V, -40 dBm.
INPUT ATTENUATOR : 10 dB
TRACE : WRITE
VIDEO FILTER BAND WIDTH: 1 MHz
SWEEP TRIGGER : FREE RUN
(g) Connect the spectrum analyzer CAL OUT connector and the INPUT
connector with the supplied cable as shown in Figure 11-7.

;géaézé Bl

e (%)

S 5% o5 am8 0 |
| S— o —

Figure 11-7 Residual FM Test Setup
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11.5 Residual FM

(:) Reduce the spectrum analyzer frequency span to 100 kHz. If the
200 MHz signal moves from the center of the display screen, center it
again by turning the TUNING dial. The resolution bandwidth is set to
10 kHz.

(:) Set the spectrum analyzer to the ZERO SPAN mode, and turn the TUNING
dial to bring the signal level closer to the center line on the
display screen.

(:) With the sweep time/division set to 0.1 second, press the STORE switch
twice to keep the waveform still. '
Check that the peak-to—-peak level change in any division (that is, 0.1
second) on the horizontal axis is 1.2 divisions or less as shown in
Figure 11-8.

00003 200 018MUz  ZERO_SPAN
2us/
WORTHEw

1.2div or less

WA NAR AR ] V)

Afc
VIF AMHz

ST 0. 15/ ATT 100H

Figure 11-8 Residual FM Test

The value of 1.2 divisions has been acquired for the following reason:
The 10 kHz bandwidth filter of the spectrum analyzer is used to allow
the residual FM to be displayed on the display screen. The residual
FM can be visually observed when the spectrum analyzer is set to a
resolution bandwidth of 10 kHz. (See Figure 11-9.) As can be seen
from this figure, a 2 kHz change in the frequency axis moves the level
about 1.2 divisions.
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11.5 Residual FM

Figure 11-9

AU 008w, 0L LM, 1QOKH:z
2R
R R ey T 10K fw
A\ 6div
- 2
10kHz
1 \ AIFL,
ST 20ms/ ATT 10dB VIE 100z

Residual FM to AM Conversion Display

Therefore, if the peak-to-peak level change as shown in Figure 11-8 1is
less than 1.2 divisions, it follows that the residual FM is less than

2 kHz.
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11.6 Noise Sidebands

11.6 Noise Sidebands

-80 4dBc or less with a resolution bandwidth of 1 kHz and
10 Hz video filter at the position which is 20 kHz from
the carrier

Equipment used: Synthesized signal source

Specification:

(1) Description

The noise sidebands test is performed using stable,high-purity 1 GHz,
-10 dBm signals.

(2) Procedure

(E) Connect the spectrum analyzer and the synthesized signal source to
each other as shown in Figure 11-10,

(:) Set the output of the synthesized signal source to 1 GHz (carrcier
wave) and -10 dBm.

(:) Set the spectrum analyzer as follows:
FREQUENCY SPAN : 1 GHz
CENTER FREQ 1 GHz
RESOLUTION BANDWIDTH AUTO (300 kHzw)
REFERENCE LEVEL COARSE, 10 dB/DIV, =10 dBm

INPUT ATTENUATOR : 10 dB
TRACE : WRITE
VIDEO FILTER BAND WIDTH: 1 MHz
SWEEP TRIGGER : FREE RUN
R4131
TR4511 5 C Y——
' { ) thsr-aeah‘ ;h
e 22| o @ BIEDED |
° 5T 58|5ade f :.g,%!
ZoEEEE O B S |
ot TS o} { ey g —— e o
e O OO Q-Eﬁﬁ_m'm [=3 J 5 83 0O e} Q:I'Q@Q ':;__]
0= .5 & (Blerjmendecie 2@ | — = —
— L‘ s’

Figure 11-10 WNoise Sidebands Test Setup

(:) Reduce the span to 100 kHz. If the waveform peak moves from the
center of the display screen, center it again by turning the TUNING

dial.

(:) If the peak moves from the center of the display screen, center it
again by turning the TUNING dial.
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11.6 Noise Sidebands

@ Set the reference level to -30 dBm and the video filter to 10 Hz.

(2) Measure the noise sidebands at the position which is 2 divisions
(20 kHz) from the center of the display screen. Check that the noise
sidebands is lower than the reference level by 60 dB or more as shown
in Figure 11-11.

OB .. 000MHz 100Kkl4z
i 10dB/

SR EUUUUIN IROUINIRR B, JO U A ~H,\'1la;“7.w

\ 60dB or more -
—_— - PR — \
rl,r/ ‘rk"n‘

L;;:;,;wmﬂan"ﬁw I N N "Y*W*4§ﬁ1:;:;r"
ST o/ ATT 10dB VI 10Hz
Figure 11-11 Noise Sidebands Measurement
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11.7 Resolution Bandwidth Accuracy

11.7 Resolution Bandwidth Accuracy

Specification: Resolution bandwidth between -3 dB points from the signal
peak must be calibrated to *20% or less.
Equlpmpnt used: Synthesized signal source

(1) Description

The resolution bandwidth is tested by setting the spectrum analyzer
vertical axis to the 2 dB/division mode and measuring the wldtn

between two points -3 dB from the signal peak.
Resolution bandwidths narrower than 3 kHz are tested by applying
3.58 MHz signals to the spectrum analyzer IF FILTER IN connector.

(2) Procedure

(:) Connect the calibration signal of the spectrum analyzer to the INPUT
connector as shown in Figure 11-12 (a).
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11.7 Resolution Bandwidth Accuracy
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Figure 11-12 Resolution Bandwidth Accuracy Test Setup

(:) Set the spectrum analyzer as follows:

FREQUENCY SPAN : 1 GHz
CENTER FREQ : 200 MHz

RESOLUTION BANDWIDTH : AUTO

REFERENCE LEVEL : COARSE, 2 dB/DIV, -23 dBm
INPUT ATTENUATOR : 10 dB

TRACE : WRITE

VIDEO FILTER BAND WIDTH: 1 MHz
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11.7 Resolution Bandwidth Accuracy

SWEEP TRIGGER : FREE RUN
SWEEP TIME/DIV: 10 ms

(:) Set the span to 2 MHz. If the signal peak moves from the center of
the display screen, center it again by turning the TUNING dial.

Set the resolution bandwidth to 1 MHz.

OXO

Turning the spectrum analyzer AMPTD CAL control, adjust the signal
peak to be 1.5 divisions (3 dB) above the horizontal axis in the
center of the display screen. (See Figure 11-13.)

Then, measure the width of the two points on the horizontal axis .
traversed by the signal. This width is taken as the 3 4B bandwidth.
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Figure 11-13 Resolution Bandwidth Accuracy Test

(:) Move the signal to left and right by turning the TUNING dial to
determine the order of the graduation in which the measured bandwicdth
falls. Check that this width is between 4 and 6 divisions (5 %1

1ivisions).

(:) ¢change the speétrum analyzer frequency span and resolution bandwidth
to the values specified in Table 11-4, and repeat steps (5) and

above.
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11.7 Resolution Bandwidth Accuracy

Table 11-4 Resolution Bandwidth Test 1 MHz to 10 kHz

Resolution | Frequency |3 dB down width
bandwidth | span .

min. max.

1 MHz 2 MHz 4 div 6 div
300 kHz 500 kHz |4.8 div| 7.2 div

100 kHz 200 kHz 4 div 6 div
30 kHz 100 kHz 2,4 div | 3.6 div
10 kHz 50 kHz 1.6 div | 2.4 div

In testing resolution bandwidths 3 kHz to 1 kHz, remove the top cover

of the spectrum analyzer and apply 3.58 MHz, -20 dBm signals to the IF
FILTER IN connector from the synthesized signal source. (See
Figure 11-12 (b).)

Set the spectrum analyzer resolution bandwidth to 3 kHz and adjust the
output frequency of the synthesized signal source for the maximum
waveform peak by varying the output frequency at the 10 Hz place.
Adjust the output level of the synthesized signal synthesized source
to bring the spectrum analyzer display level to 1.5 divisions above
the horizontal axis in the center of the display screen.

Reduce the output frequency of the synthesized signal source until the
waveform peak displayed on the display screen coincides with the
horizontal axis in the center of the display screen. Record this
output frequency as f1.

Next, increase the output frequency of the synthesized signal source
until the waveform peak rises once above the horizontal axis in the
center of the display screen, and then correspondingly falls. Record
this output frequency as f2.

Determine the 3 dB bandwidth by calculating f£2 minus £1. Check that
this value falls between 2.4 and 3.6 kHz (3 +0.6 kHz or less).

Test resolution bandwidths., 1 kHz according to Table 11-5. Keep

records of the resultant 3 dB resolution bandwidth values for use in
the resolution bandwidth selectivity test described in Section 11.8.
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11.7 Resolution Bandwidth Accuracy

Table 11-5 Resolution Bandwidth Accuracy Test 3 kHz to 1 kHz

TR4511 output f2 - £1
Resolution tandwidth | frequency variation .
min. max.
place
3 kHz 10 Hz 2.4 kHz 3.6 kHz
1 kHz 10 Hz 0.8 kHz 1.2 kHz
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11.8 Resolution Bandwidth Selectivity

Specification: 60 dB/3 dB resolution bandwidth ratio: 15 ; 1
Equipment used: Synthesized signal source

(1) Description

(2)

The 60 dB bandwidth of the spectrum analyzer is determined first, and
is then compared with the 3 dB bandwidth obtained in Section 11.7 to

determine resolution bandwidth selectivity. As in Section 11.7, the

resolution bandwidth selectivity is tested in two parts: 1 MHz to

10 kHz, and 3 kHz or less resolution bandwidths.

Procedure:

Set the spectrum analyzer as follows:

FREQUENCY SPAN : 4 GHz

CENTER FREQ : 200 MHz

RESOLUTION BANDWIDTH : 1 MHzw

REFERENCE LEVEL COARSE, 10 dB/DIV, -10 dBm

e

INPUT ATTENUATOR : 10 dB
TRACE : WRITE
VIDEO FILTER BAND WIDTH: 10 kHz
SWEEP TRIGGER : FREE RUN
SWEEP TIME/DIV : 10 ms
R4131
TR4511 -
— — i e
DEE 2|2 e &) N
8% 28|8a5s Hoem )
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Figure 11-14 Resolution Bandwidth Selectivity Test Setup

Set the synthesized signal source to 200 MHz (CW), -10 dBm. Connect
the spectrum analyzer and the synthesized signal source to each other
as shown in Figure 11-14.

Press the SPAN switch to activate the frequency span. Reduce the span
while turning the TUNING dial to adjust the signal to be in the center
of the display screen. Select the minimum span that allows the two
points 60 dB lower than the signal peak to be observed on the screen.
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11.8 Resolution Bandwidth Selectivity

®

@ ©©

© @ ®

© © O

Turn the AMPTD CAL control to bring the signal peak to the top
graticule on the display screen.

Turn the TUNING dial to position the 60 dB point for the best reading.

Measure and record the 60 dB bandwidth. Check that the ratio of the
60 4B bandwidth to the 3 dB bandwidth measured in Section 11.7 is 15

or less.

Repeat steps (:) to (:) for resolution bandwidths of 300 kHz to 10 kHz
as well.

Connect the output of the synthesized signal source to the spectrum
analyzer IF FILTER IN connector as shown in Figure 11-12 (b).

Set the output frequency of the synthesized signal source to 3.58 MHz
(CW), —-20 dBm.

Adjust the output frequency of the synthesized signal source for a
maximum reading on the R4131 display screen, and set the signal to be

on the reference graticule.

Increase the output frequency of the synthesized signal source until
the signal level is reduced 60 4B (6 graticules).
Now measure and record this frequency as f1.

Reduce the output frequency of the synthesized signal source until the
signal level is up 60 dB (6 graticules). Again, measure and record
this frequency as f2. :

Determine the 60 dB bandwidth by calculating f1 minus f£2.
Check that the following relation holds: 60 dB bandwidth/3 dB

bandwidth =< 15.

Repeat steps 10 to 13 for resolution bandwidth of 1 kHz.
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11.9 Resolution Bandwidth Switching Accuracy

Specification: *1 dB (referenced to 300 kHz bandwidth)
(1) Description

The amplitude readout error associated with switching of the
resolution bandwidth is measured using a CAL signal.

(2) Procedure

(1) set the TR4131 as follows:
FREQUENCY SPAN : 1 GHz
CENTER FREQ ¢ 200 MHz
'~ RESOLUTION BANDWIDTH: 1 MHz
REFERENCE LEVEL COARSE, 2 dB/DIV, -28 dBm

INPUT ATTENUATOR 10 dB
TRACE : WRITE
VIDEO FILTER : 10 kHz
SWEEP TRIGGER : FREE RUN
SWEEP TIME/DIV : 10 ms

(:) Connect the CAL input to the INPUT connector. (See Figure 11-15.)

C) Set the span to 2 MHz, while turning the TUNING dial to center the
waveform on the display screen.

(:) Pressing the RBW switch, set the resolution bandwidth to 300 kHz.
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Figure 11-15 Resolution Bandwidth Switching Accuracy Test Setup

(:) Turn the AMPTD CAL control to adjust the signal peak to be 1 division
lower than the reference graticule on the display screen.
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11.9 Resolution Bandwidth Switching Accuracy

(:) Set the resolution bandwidth to 1 MHz. Check that the maximum

amplitude point is

300 kHz resolution bandwid

(:) Similarly, set the

th.

+1 dB (+0.5 division) or less when compared to the

span and the resolution bandwidth to 100 kHz.

Check that the maximum amplitude point is #1 dB or less when compared
to the 300 kHz resolution bandwidth.

Also test resolution bandwidths 30 kHz to 1 kHz at the settings
specified in Table 11-6.

Table 11-6 Bandwidth Switching Uncertainty

Resolution Frequency Amplitude readout
bandwidth span/division change
1 MHz 2 MkHz 1 dB
300 kHz 2 MkHz 0 dB (REF.)
100 kHz 1 MkHz 1 dB
30 kHz 200 kHz +1 dB
10 kHz 100 kHz 1 dB
3 kHz 50 kHz 1 dB
1 kHz 50 kHz +1 dB

1"
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11.10 LOG Linearity and LIN Linearity

11.10 LOG Linearity and LIN Linearity

Specification: LOG linearity: #1 dB/lO dB, +0.15 dB/1 dB, #1.5 dB/70 4B

LIN linearity: +5% of full scale

Equipment used: Synthesized signal source

10 dB step ATT
1 dB step ATT

(1) Description

(2)

Linearity test is performed by utilizing the marker on the display
screen when the aid of the external signal and the attenuators.

Procedure —
LOG linearity

Set the R4131 as follows:

FREQUENCY SPAN : 1 GHz
CENTER FREQ : 200 MHz
RESOLUTION BANDWIDTH : AUTO
REFERENCE LEVEL : -10 dB
INPUT ATTENUATOR : 10 dB
TRACE : WRITE
VIDEO FILTER BAND WIDTH: 1 MHz
SWEEP TRIGGER : FREE RUN

Set the output frequency of the synthesized signal source to 200 MHz
(CW), ~10 dBm, and connect the synthesized signal source to the
spectrum analyzer INPUT connector using attenuators as shown in

Figure 11-16.
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11.10 LOG Linearity and LIN Linearity
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Figure 11-16 LOG/LIN Linearity Test Setup
Set the 10 dB step ATT to 0 dB.

Set the span to 2 MHz while turning the TUNING dial to position the
signal peak in the center of the display screen. Then, make the

following settings:

Resolution bandwidth : 30 kHz
Sweep time/division + 20 ms
Video filter band width: 10 kHz

Press the MARKER switch and turn the TUNING dial to position the
marker at the signal peak.

Adjust the AMPTD CAL control to set the marker level reading to
-10.0 dBm.

Vary the 10 dB step ATT 10 dB at a time, checking that the marker
level values conform to the values of Table 11-7.

With an attenuator setting of 70 dB, set the video filter to 100 Hz
and the sweep time/division to 0.1 s in order to prevent noise being

superimposed on the signal.

NOTE: If the marker moves off the signal peak during measurement,
position it at the signal peak again by turning the TUNING dial.
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Table 11-7 LOG Linearity

ATT setting |[Marker level readout | Video filter| Sweep time/div

0 -10 dBm (REF) 10 kHz 20 ms

10 ~-20 %1 dBm 10 kHz 20 ms
20 -30 #1 dBm 10 kHz 20 ms

30 -40 *1 dBm 10 kHz 20 ms
40 -50 #1 dBm 10 kHz 20 ms
50 -60 *1 dBm 10 kHz 20 ms
60 ~70 #1 dBm 10 kHz 20 ms

70 -80 *1.5 dBm 100 Hz 0.1 s

Connect the 1 dB step ATT to the spectrum analyzer and set the video
filter to 10 kHz and the sweep time/division to 20 ms.

Set the ATT to 0 dB.

Set the R4131 reference level to 2 dB/division and the resolution
bandwidth to 300 kHz. Turn the AMPTD CAL control to adjust the marker

level to be -10.0 dBm.

Set the ATT to 2 dB. Check that the resultant marker level reading is

~12 dBm 0.3 dB, or less.
Next, set the ATT to 10 dB. Check that the resultant marker level

reading is -20 dBm t1 4B, or less.

linearity

Set the ATT to 0 dB, and set the output level of the synthesized
signal source to -10 dBm (70.71 mV).

Set the R4131 to the LIN mode, and position the marker at the signal
peak. Turn the AMPTD CAL control until the marker level is set to

70.71 mV (on the reference graticule).

Set the ATT to 6 dB. Chéck that the marker level reading is 35.4 mV
+3.5 mV, or less.
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11.11 Reference Level Accuracy

Specification: The reference level as varied with MIN INPUT ATT 10 dB

(fixed) must

be accurate to within 1 dB.

Equipment used: Synthesized signal source
10 dB step ATT
1 dB step ATT

(1) Description

The reference level accuracy can be determined by testing the IF GAIN
accuracy in the LOG display mode.

N (2) Procedure

(:) Set the R4131 as follows:
FREQUENCY SPAN
CENTER FREQ .
RESOLUTION BANDWIDTH
REFERENCE LEVEL
INPUT ATTENUATOR
TRACE
VIDEO FILTER BAND WIDTH
SWEEP TRIGGER

GD Set the output freguency

1 GHz

200 MHz

AUTO

FINE, 2 dB/DIV, 0 dBm
10 dB

WRITE

1 MHz

FREE RUN

of the synthesized signal source to 202 MHz

(CW), =10 dBm, and connect the source to the spectrum analyzer INPUT
connector using attenuators as shown in Figure 11-17.

R4131A/B
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[ —
@l el
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N Figure 11-17 Reference Level Accuracy Test Setup
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8.12 REFERENCE LEVEL ACCURACY

() set both the 10 dB and 1 dB step ATTS to 0 dB.

(:) Set the span to 2 MHz while turning the TUNING dial to position the
signal peak in the center of the display screen.

(5) Then, make the following settings:
Resolution bandwidth: 300 kHz
vVideo filter : 1 kHz
Sweep time/division : 50 ms

() Press the MARKER switch and turn the TUNING dial to position the
marker at the signal peak.

(:) Adjust the AMPTD CAL control to set the marker level reading to
-10.0 dBm.

Wwith the 1 dB step ATT at 1 dB, set the reference level to -1.00 4Bm.
Check that the marker level reading is -11.00 %1 dB or less.

C) Proceed with further testing with the settings specified in Table 11-8.

Table 11-8 Reference Level Accuracy

RefeFence level ATT setting | Marker readout level
setting
0 dBm 0 dB -10.00 dBm (REF.)
-1 dBm 1 dB -11.00 t1 dBm
-2 dBm 2 dB ~12.00 *1 dBm
-3 dBm 3 dB -13.00 *1 dBm
-4 dBm 4 dB -14.00 %1 dBm
-5 dBm 5 dB -15.00 *1 dBm
~6 dBm 6 dB -16.00 *1 dBm
-7 dBm 7 dB -17.00 %1 dBm
~8 dBm 8 dB -18.00 +1 dBm
-9 dBm 9 dB -19.00 %1 dBm
-10 dBm 10 dB -20.00 *1 dBm
-20 dBm 20 4B -30.00 +1 dBm
-30 dBm 30 dB -40.00 +*1 dBm
-40 dBm 40 dB -50.00 *1 dBm
-50 dBm 50 dB -60.00 *1 dBm
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11.12 Residual Responses

11.12 Residual Responses

Specification:

R4131A/B ...

-100 dBm or less (at an input attenuator setting of 0 dB)
R4131AN/BN...

-98 dBm or less (at an input attenuator setting of 0 dB)
R4131C/D ...

-95 dBm or less (at an input attenuator setting of 0 dB)
R4131CN/DN ...

~93 dBm or less (at an input attenuator setting of 0 dB)

(1) Description

Residual responses refers to the signal displayed on the display
screen in the absence of input. Testing is performed at 100 MHz
intervals in the range 100 kHz to 3.5 GHz.

(2) Procedure

(:) After terminating the spectrum analyzer INPUT connector with a 50 Q
terminator (R4131A/B/C/D) and a 75 @ terminator (R4131AN/BN/CN/DN),
set the spectrum analyzer as follows:

FREQUENCY SPAN : 100 MHz

CENTER FREQ : 50 MHz

RESOLUTION BANDWIDTH : 30 kHz

REFERENCE LEVEL : COARSE, 10 dB/DIV, -50 dBm
INPUT ATTENUATOR : 0 dB

TRACE ¢ WRITE

VIDEO FILTER BAND WIDTH: 1 KHz

SWEEP TRIGGER : FREE RUN

SWEEP TIME/DIV : 1 s

(:) Set the TRIGGER MODE switch to SINGLE and press the START switch tc
test residual responses in the range of 0 to 100 MHz.
Check that the residual responses is -100 dBm or less (R4131A/B),
-98 dBm or less (R4131AN/BN), -95 dBm or less (R4131C/D), -93 4Bm
less (R4131CN/DN).

Turn the TUNING dial to set the center frequency to 150 MHz. Press
the START switch to test residual responses in the range of 100 to
200 MHz. Check that the residual responses is -100 dBm or less
(R4131A/B) and -98 dBm or less (R4131AN/BN), -95 dBm or less
(R4131C/D), =93 dBm or less (R4131CN/DN).

(93]

(E) Similarly, test residual responses up to 3.5 GHz at 100 MHz intervals.
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11.13 Gain Compression

11.13 Gain Compression

Specification:

Equipment used:

(1)

(2)

*MIX input end must be 1 dBm or less for a -10 dBm input.

[#: (Input signal level) - (MIN INPUT ATT)]

Power meter
Power sensor

Synthesized signal source

10 dB step ATT

Description

The gain compression is tested by checking to see if the reading level

rises 10 dB when the MIX
-10 dBm.

Procedure

Set the R4131 as follows:
FREQUENCY SPAN

CENTER FREQ

RESOLUTION. BANDWIDTH
REFERENCE LEVEL

INPUT ATTENUATOR

TRACE

VIDEO FILTER BAND WIDTH
SWEEP TRIGGER

Set the output frequency

input end level is increased from -20 dBm to

100 MHz
200 MHz

AUTO
COARSE, 10 dB/DIV, -10 dBm

10 4B
WRITE

1 MHz
FREE RUN

of the synthesized signal source to 200 MHz

(CW) and connect it to the power meter, adjusting the synthesized
signal source for 0 dBm output.

Set the 10 dB step ATT to 10 dB and connect it to the spectrum
analyzer as shown in Figure 11-18,
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11.13 Gain Compression
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Figure 11-18 Gain Compression Test Setup

(:) Set the span to 1 MHz while turning the TUNING dial to position the

200 MHz signal in the center of the display screen.
Pressing the RBW switch, set the resolution bandwidth to 300 kHz. and

set the reference level to 2 dB/DIV.

(:) Turn the AMPTD CAL control to bring the signal peak to the reference
graticule (top graticule) on the display screen.

(:) Set both the reference level and the 10 dB step ATT to 0 dB. Check
that the signal peak falls within 0.5 division (1 dB) of the top

graticule (reference graticule) on the display screen.
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11.14 Frequency Response

Specification: Frequency response (MIN INPUT ATT: 10 dB)

R4131A/C 100 kHz<£F <2 GHz 10 kHz=<F=3.5 GHz
+1 dB or less +3.5 dB or less

R4131B/D 100 kHz<F =<2 GHz 10 kHz=F 3.5 GHz
t1 dB or less +2 dB or less

R4131AN/BN, |100 kHz<F <1.5 GHz |10 kHz<F=2 GHz|2 GHz<F <3.5 GHz
R4131CN/DN 1.5 dB or less 2.5 dB or less |+4 dB or less

Equipment used: Sweep oscillator

Power meter
Power sensor
Sweep adapter

(1) Description

(2)

Testing is performed by setting the R4131 to the full span mode and a
sweep oscillator to the external sweep mode and observing changes of
the amplitude reading on the display screen. Since sweep oscillator
frequency responses are included in the measurement results, measure
the sweep oscillator response with a power meter prior to testing for
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