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Product overview

.1 Overview

The ML2530A Calibration Receiver is used to measure
the absolute and relative levels of RF instruments.

Absolute level measurement is for the output level of
signal generators. Relative level measurement is for the
attenuation of attenuators.

The frequency range covers the mobile band from 100
kHz to 3 GHz.

The level has a wide dynamic range from —140 to +20
dBm.
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1.

Product overview

.2 Features
The wide frequency range (100 kHz to 3 GHz) supports the mobile
band.
The wide level range (-140 to +20 dBm) supports many measuring
instruments.
The in-range linearity is good and accurate.

Bandwidth: 100 Hz range (+20 to -30 dBm) +0.030 dB
range (—30 to —75 dBm) +0.044 dB
range (—75 to =110 dBm) £0.073 dB
(_

Bandwidth: 1 Hz  range (-110 to —140 dBm) £0.040 dB
The frequency bandwidth is 1 Hz to 100 kHz.

The ML2530A has two modes; the Manual tuning mode, and the
Monitor mode. The Manual tuning mode measures at high speed by
displaying only frequency and level. The Monitor mode measures while
observing the waveform spectrum.
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Product overview

1.3 Overall level error

Relative error = In-range linearity error + Range switching error
(Linearity error) + Error due to noise floor + Reading error due to
minimum digit of level display
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Product overview

Absolute error = Relative error + Cal. output level error
+ MA2540A mis-match error after calibration
+ MA2540A uncertainty of Cal. Factor
+ ML2530A linearity error of power measurement section
+ MA2540A reproducibility of insertion loss
+ Mis-match error between MA2540A and measured object

e.g. Absolute error at BW 100 Hz, 1 GHz, and =100 dBm

Relative error at —100 dBm +1.6% (£0.07 dB)
Cal. output level error +0.9%

MA2540A mis-match error after calibration +0.23%

MA2540A uncertainty of Cal. Factor +1.1%

ML2530A linearity error of power measurement section +1.0%

MA2540A reproducibility of insertion loss +0.14% (*0.006 dB)
Mis-match error between MA2540A and measured object +3.7%

MA2540A + ML2530A VSWR: 1.2 typ.

Sum (RSS) +4.4% (+0.19 dB)

Sum (RSS) =\/ 0.0162+ 0.0092 + 0.00232 + 0.0112+ 0.012 + 0.00142 + 0.037% = 0.044
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Configuration
2.1 MA2540A Sensor Module

(1) The MA2540A has two measurement paths—via either a

power sensor, or a through circuit. The RF input signal is
switched by coaxial relay.

(2) The power sensor uses a thermal sensor and built-in
EEPROM with calibration factor.
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Configuration
2.2 ML2530A Calibration Receiver

The ML2530A is composed of power measurement, level
measurement, and control/display sections.

(1) Power measurement section

This is combined with the MA2540A power sensor to measure

input signal power. The level dynamic range is narrow at 0 dBm
+5 dB, but the absolute level accuracy is high.

(2) Level measurement section

This is composed of a level converter, frequency converter and

level detector. The wide dynamic-range level is from —140 to +20
dBm.
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Configuration

ML2530A Calibration Receiver

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

MA2540A Sensor Module Display
T A
. —»| Power Sensor | p{ Power l¢ 3l Control
; i | | Measurement
: EEPROM
: ® e
| v v ¥
, —p| Level Frequency Level
o | i |_Converter Converter Detector
_____ Level Measurement
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Basic operation
3.1 Name of each part
3.2 Setup
3.3 Level measurement
3.3.1 Manual tuning mode
3.3.2 Monitor mode
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Basic operation

3.1 Name of each part

Up/Down keys

Rotary encoder

| T—Ten-key pad

ML2530A Front panel .
F1to F6 ke\ys Level measurement  Monitor
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Cal key Recall/Save key  Cal Output

Stby/On switch

(0 dBm/50 MHz) RF Input

Sensor Input
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ML2530A Back panel
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10 MHz 10 MHz GPIB
Reference  Reference
Input Output

Power switch
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Basic operation

MA2540A Sensor Module

RF Output (N-J)
.ML2530A

JO903A
Coaxial cable

—————————————————

| RF Input

T
/D\

Sensor input
JO904A :

Sensormodulecable: :

RF Input (N-P) Sensor output
(Multi-contact connector)
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Basic operation
3.2 Setup

(1) Connect the MA2540A to the ML2530A using the dedicated cable.
Turn off the ML2530A power supply BEFORE connecting.

(2) Connect the 10 MHz reference output o
of the signal generator
to the ML2530A 10 MHz reference [F ML2530A q]]
input. \ﬁ[@

(3) Turn on the ML2530A power. °

(4) Press the [Preset] key.

Hz

goooooo

Signal sourceo ‘ o 2225 06 @
' N— A
 — I— |

RAF Input Sensor Input

MAZ2540A
RF Output

Sensor Output
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Basic operation

3.3 Level measurement
(1) Manual tuning mode

This mode sets the measured frequency directly and cuts the time
required for measurement.

(2) Monitor mode

The same signal waveform as the spectrum analyzer is displayed, so
level can be measured while observing the signal directly.

Manual tunina mode Monitor mode
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Basic operation

3.3.1 Manual tuning mode
(1
2) Press the [Mode] key on the panel and the [F1:Manual Tuning Mode] key.

) Press the [Meas] key on the panel.
)

3) Press the [Freq] key and the [F1:Freq] key.
)
)

—_ o~

4
5

Input the set frequency (500 MHz for example).

—

When BW = Auto-setting

Press the [BW] key on the panel and press the [F2:Auto] key.
e.g. 100 Hz @ display BW:100Hz

(6) When BW = Manual setting

Press the [BW] key on the panel and press the [F1:Manual] key.
e.g. 100 Hz @ display BW:100Hz #

(7) Level measurement starts.
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Basic operation

BW at calibration Measurement condition

ABS: Absolute calibration ‘
REL: Relative calibration l /
. . \ ABS(100) Center Freq.
Ranges at calibration ——» Range: 1-3 BW: 100 Reference: off
Range: 2 (<-25 dBm) Offset: off Freq.
Step Size
Level measurement result——» —65.000 dBm
Setting frequency > 500.000 000 MHz
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3.3.2 Monitor mode
The same signal waveform as the spectrum analyzer waveform is displayed.

Level measurement measures the signal level of the frequency where the
marker is positioned on the waveform. There are two monitor modes:
automatic, and manual.
Automatic tuning

(1) Press the [Meas] key on the panel.

(2) Press the [Mode] key on the panel, and press the [F1: Monitor Mode]
key.

(3) Press the [Auto tune] key. The waveform is displayed by detecting
the input RF signal automatically.

If the input RF signal is less than —30 dBm, the signal cannot be
detected by automatic tuning; use Manual tuning.

(4) Press the [BW] key on the panel, and press the [F2:Auto] key. The
best BW is set for the frequency span, and the level is measured.
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Manual setting
1
2

4

5
example).

Basic operation

Press the [Meas] key on the panel.

Input the set frequency (500 MHz for example).

(1)

(2) Press the [Mode] key on the panel and the [F1: Monitor Mode] key.
(3) Press the [Freq] key on the panel and the [F1: Center Freq] key.
(4)
®)

Press the [F3:Freq Span] key and set the frequency span (100 kHz for

(6) Press the [RBW/VBW] key and the [F3:RBW VBW ST Auto] key.
The RBW, VBW and ST are set automatically and the waveform is

displayed.

(7) Press the [BW] key and the [F2:Auto] key. The best BW is set for the
frequency span and the level is measured.
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RBW Setting
Combination of RBW and Frequency Span
Frequency Span REBW
10kHz < SPAN < 50kHz 300 Hz, | kHz, 3 kHz
50kHz < SPAN < 200 kHz 300 Hz, | kHz, 3 kHz, 10 kHz
200 kHz < SPAN £ 500 kHz 300 Hz. 1 kHz, 3 kHz, 10 kHz, 30 kHz
500 kHz < SPAN = | MHz 300 Hz. | kHz, 3 kHz, 10 kHz, 30 kHz, 100 kHz,
Combination of RBW and VBW
vewi W | 300Hz | 1kHz 3kHz | 10kHz | 30kHz | 100kHz
3 Hz O
10 Hz O O
30 Hz O O 8]
100 Hz [e] o] O 0
300 Hz 9] O @] @] O 9]
1 kHz 9] 0] e} Q @]
3 kHz @] O O @]
10 kHz ] O o Q
30 kHz 8 @) o]
100 kHz e O
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Basic operation
Choosing BW (Bandwidth)

1. When the frequency accuracy of the signal is high and the signal
frequency stability is good, the noise floor level of ML2530A is reduced
by setting a narrow BW, permitting measurement of lower levels. In the
Manual tuning mode, level can be measured with BW = 1 Hz.

2. When the signal level stability is poor, change the BW to a wide value,
and measure using the Monitor mode.

Combination of BW and Frequency Span

gw ———SPAN [ 1D kHz=SPAN=100 kHz | 100 kHz<SPANSS00 kHz [ 500 kiz<SPANS1 MHz
1Hz
10Hz
100 Hz 0 o
1kHz o] o] O
10kHz o = ©
100 kHz o o C
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Calibration

4.1 Calibration types
4.2 Calibration of sensor module

4.3 Calibration between ranges
4.3.1 Calibration between power meter and range 1
4.3.2 Calibration between range 1 and 2
4.3.3 Calibration between range 2 and 3
4.3.4 Confirming calibration data

4.4 Absolute and Relative level calibration

441 Absolute level
4 .42 Relative level
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Calibration

4.1 Calibration types

(1) Calibration of power meter

This is zero-input calibration and power sensor calibration is built
into the MA2540A.

(2) Calibration between power meter and range 1

The same signal level is measured with the power sensor and range
1. The power sensor value and the value of range 1 are related.

(3) Calibration between ranges

The same signal level is measured in each range, and the measured
value of each range is related.
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Display Level (dBm)

‘ (1) Power meter cal. ‘ ‘ (3) Between ranges cal. ‘ | (2) Power meter/range 1 cal. |

+20 v / +20

0 - 0

Power meter.. ange 1
20 —~ 20 .
/- & >, 4 1
- .- e i N ange
-40 . 5 -40 B
0dBm Cal g Range 2+ X
- Re
60 — > -60 —
&
40 4 30 dBm Cal B gy
-100 -100 —
75 dBm Cal
-120 m -8 -120 H ~"Range 3
. Range 3
140 — T T T T T T -140 = T T T T T
-140 -120 -100 -80 60 -40 20 0 +20 -140 -120 -100 -80 -60 -40 -20 0 +20
Input Level (dBm) Input Level (dBm)
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Calibration

4.2 Calibration of sensor module (power sensor)
(1) Connect the ML2540A to the MA2530A using the cable.

(2) Pres the [Cal] key.
(2) Cal key (3) Zero Adj. key

(8) Zero-input calibration oS0
The MA2540A has no input. [[f_‘ T :]]
Press the [F1: Zero Adj.] key. . e
Calibration is completed when ‘Calibration doi - \

oopooo

is displayed. Sooo | o
a Q@
- @ (5 H)
(4) Sensor calibration mrrou | [ sencor nput
Connect the MA2540A to Cal Output o
(0 dBm/50 MHZz) of the ML2530A. (1)
PreSS the [F2:SenSOI’ Cal] key Sensor Qutput
Calibration is completed when ‘Calibration done
is displayed.
Discover What's Possible™ Slide 25 Anri tsu
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Calibration

4.3 Calibration between ranges

(1) Connect the 10 MHz reference output of the signal generator to the 10
MHz reference input of the ML2530A.

(2) Set the level measurement mode to the Manual tuning mode.
Press the [Meas] key on the panel.

Press the [Mode] key on the panel and the [F2:Manual Tuning Mode] key.
(3) Set the frequency.

Press the [Freq] key on the panel and the [F1:Freq] key.

Press the [5], [0], [0], and [MHZ] keys (for 500 MHz).
(4) Set the bandwidth (BW).

Press the [BW] key on the panel and the [F1:Manual] key.

Press the [1], [0], [0], and [MHZ] keys (for 100 MHz).

(Note) It is possible to calibrate in the Monitor mode. In this case, confirm the frequency
change in the signal source, and decide the BW.
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Calibration

ML2530A
Reference ‘
Clock
oog| B0
= =||3588
= = oo
= E ooog = =
ouT E
(SG, attenuator etc.) | o ooo
= 009
2

Y
o8

RF Input RF Input Sensor Input

(Note) Signal generator
There are three supported output levels (0, =30, and —75 dBm).

The level accuracy must be within +3/—4 dB.

Discover What's Possible™ Slide 27 /I n ri tsu

ML2530A-E-F-1
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4.3.1 Calibration between power meter and range 1
(1) Press the [Cal] key on the panel and the [F3:Range Ca] key.

(2) Press the [F1: R1&Sensor] key to enter the calibration mode between the
power meter and range 1.

(3) Set the frequency of the signal generator to the frequency used (e.g. 500
MHz) and the level to 0 dBm.

(4) Press the [F1:Execute] key. Calibration is completed when ‘Calibration
done’ is displayed.
4.3.2 Calibration between range 1 and 2

(1) Press the [F2: R1&R2] key to enter the calibration mode between the
power meter and range 2.

(2) Set the frequency of the signal generator to the frequency used (e.g. 500
MHz) and level to —30 dBm.

(3) Press the [F1: Execute] key. Calibration is completed when ‘Calibration
done’ is displayed.
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Calibration

4.3.3 Calibration between range 2 and 3

(1) Press the [F2: R2&R3] key to enter the calibration mode between range
2 and range 3.

(2) Set the frequency of the signal generator to the frequency used (e.g. 500
MHz) and the level to =75 dBm.

(3) Press the [F1: Execute] key. Calibration is completed when ‘Calibration
done’ is displayed.

(4) When [F3: End] key is pressed, the entire calibration procedure is
completed and the Uncal display disappears.

4.3.4 Confirming calibration data

When the [F4:Data Manage] key is pressed, all the calibration data is
displayed for confirmation.

No Freq:MHz Data Time Cal BW Range Sensor
15 500 2005/09/18 12:56:12 ABS 100 R1-R3 6100139811
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4.4 Absolute and Relative level calibration
4.4.1 Absolute level

(1) Absolute level calibration uses the MA2540A sensor module.
Zero-input calibration: Zero Adj
Sensor calibration: Sensor Cal

(2) Level calibration with R1&Sensor operation
Calibration mode between power mater and range 1:  R1&Sensor
Calibration mode between range 1 and range 2: R1&R2
Calibration mode between range 2 and range 3: R2&R3

(3) This calibration is used to measure the output level of signal generators.

4.4.2 Relative level

(1) Level calibration without R1&Sensor operation
Calibration mode between range 1 and range 2: R1&R2
Calibration mode between range 2 and range 3: R2&R3

(2) This calibration is used to measure the attenuation of attenuators.
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Traceability

RF Power Attenuator

National National

Stanyard Stanpard
100 kHz to10 MHz:

Primary RF voltage meter Primary
Standards 10 to 3 GHz: Standards
¢ Thermal sensor *
Secondary Secondary
Standards Power sensor Standards
L ML2530A ¥

Product
Product MA2540A u
Accuracy

Radio frequency voltage meter: +0.1%

Thermal sensor: +0.28% to +0.75%

Reactance
attenuator

Step attenuator

ML2530A

Accuracy: +0.03 dB/55 dB (BW = 1 Hz)
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Appendix
1. Block diagram
2. Level converter
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Level converter

+20
Range 1: -35to +20 dBm N Range 1\\
o——o ——0,
o T e |
% 40
f; 60
Range 2: —80 to —25dBm g
-80 |
_.,'—0‘._.,0—0,. 100 Range 3
° ° 120 ) -30 dBm Cal
-75dBm Cal
B T T T T T T T
Range 3: —140 to ~70dBm 140 -120 -100 -80 -60 40 20 0 +20

Input Level (dBm)

TS ey By
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