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Preface

Preface

Thank you for purchasing out15645 / LI5650 DIGITAL LOCK-IN AMPLIFIER".
Before using this device, please first ré&hfety Precautions” on the following pages to
use the instrument in a correct and safe manner.

Yy Caution Symbols Used in This Manual

The following caution symbols are used in this manual. The instructions by these alert symbols shall
be carefully obeyed to ensure equipment operator

This contains information to avoid electric shock and other risks when handling the
equipment that could result in the death or bodily injury of the operator.

—— /A CAUTION

This contains information to avoid risks when handling the equipment that could
result in minor or moderate injury of the operator or damage to property.
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Preface

The following instruction manuals are provided for LI5645 / LI5650.

L15645 / LI15650 Instruction Manual (Operations)
This manual describes basic itersuch as how to operate this645 / LI5650 from the panel,
specifications, and maintenance.

L15645 / LI15650 Instruction Manual (Remote Control)
This manual describes how to remotely controllth®645 / LI5650.

This manual (Operations) has the following chapters.
If using this equipment for the first time, start from Chapter 1.

. Outline
This chapter provides an overview and describes the features, applications, functions, and
simple operation principles of this product.

. Preparation before Use
This chapter describes important preparation before installation and operation.

. Panel Operation List
This chapter shows the function and operating procedure of each panel screen part and the
contents of the display screens for initial values andsomeenent values. Read this to get an
overall understanding.

. Basic Operations
This chapter describes the basic operation procedures when5645 / LI15650 is used as a
normal singlefrequency, duaphase lockn amplifier. Please read this chapteril@hoperating
the instrument.

. Advanced Operations
This chapter describes the more advanced operations as afsatglency, duaphase lockin
amplifier.

. Dual Frequency Measurement (LI15650 only)
This chapter describes the operation procedure tiomermeasurements with two frequencies
simultaneously using two dughasesensitivedetectors.

. Troubleshooting
This chapter describes how to deal with error messages and trouble.

. Maintenance
This chapter describes storage, repacking, and transparts well as how to test performance.

. Specifications
This chapter describes the specifications (functions and performance).

i L15645 / LI5650



Safety Precautions

Safety Precautions

To ensure safe use, be sure to observe the following warnings and cautions.

NF Corporation shall not be held liable for damages that arise from a failure to observe these warnings and
cautions.

This product is a Class | devi¢eith protective conductor termaf) that conforms to th&#EC insulation
standards.

Be sure to observe the information in the instruction manual.
This instruction manual contains information for the safe operation and use of this product.
Be sure to reathis information first before using this product.
All the warning items contained in this instruction manual are intended for preventing risks that may
lead to serious accidents. Ensure to obey them.

Be sure to perform grounding.
This product uses a lirffédter which may cause electric shock if the product is not grounded.
To prevent electrical shock accidents, connect the product to an earth ground so that ground resistance
is 100Wor less.
This product is automatically grounded by connectingpin3poner plug to a power outlet with a
protective ground contact.

Check the power supply voltage.
This product operates on the power supply voltage specifig2l 3nGrounding and Connecting to
Power Outlet" of this instruction manual.
Prior to connecting theower supply, check that the voltage of the power outlet matches the rated
power supply of the product.

Observe the rating of the fuse.
There is a risk of fire or other accident. Use a fuse with the rating specifiediGrounding and
Connecting to Power Outlet" of this instruction manual.
Before replacing the fuse, be sure to disconnect the power cord from the outlet.

In case of suspected anomaly
If this product emits smoke, an abnormal smell, or abnormal noise, immediately stop use and
disconnect thpower cord.
If such an abnormality occurs, prevent anyone from using this product until it has been repaired, and
immediately report the problem to NF Corporation or one of our representatives.
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Safety Precautions

Do not use this product when gas is present.

5

An explosion o other such hazard may result.

Never remove the cover.
There are high voltage parts inside this product. Never remove the cover.
Even when the inside of this product needs to be inspected, do not touch the inside. All such
inspections are to be performiey service technicians designated by NF Corporation.

5

Do not modify this product.
Never modify the product. Modification to the product may pose a new risk. We may refuse the repair
of a modified product at fault.

s Do not expose the product to water.

Using the product while it is wet may cause electric shock or fire. If this product is exposed to water,
immediately disconnect the power cord and contact NF Corporation or one of our representatives.

If lightning occurs nearby, turn off the power switch and disconnect the power cord.
Lightning may cause electric shock, fire, or failure.

Safety-related symbols
The general definitions of the safety symbols used on the product main unit and in the instruction
manual are provided below.

JAN Instruction manual reference symbol
This notifies the user of a potential hazard and indicates that the user mut
to the instruction manual.

A Electric shock danger symbol
This symbol indicates a location that preseatdsk of electric shock unde
specific conditions.

Warning Symbol
This contains information to avoid risks when handling the equipment
WRLRNIINIE]  could result in the death or serious injury of the operator.
Caution

A This contains information to avoid risks when handling the equipment
CAUTION could result in minor or moderate injury of the operator or damage to propt

Other symbols

B

| Indicates the ON position of the powsavitch.
Indicates the OFF position of the power switch.

Indicates connected to the case.

+ O

i
]
2
=)
=

Indicates that theutercontactof the connector is isolated from the enclosure

.\|_

However, indicates thathe difference of the potential from the grounc
potential is restricted to 42 Vpk or less for safety (this product is us
grounded so the enclosure potential and ground potential are equal).
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Safety Precautions

Electromagnetic compatibility

This product is a CISPR 11 Gup 1 Class A compliant device. Do not use this product in other than

an industrial area. This product may cause electromagnetic interference with other devices if used in
an ordinary office or residence.

Request about disposal
To protect the environmeni|ease note the following guidelines for disposal of this product.
a) This product does not contain batteries.
b) The LCD backlight of this product does not contain mercury.
¢) Ask an industrial waste disposal contractor to dispose of this product.
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1.1 Features
[ 777

1.1 Features

The"LI5645 / LI15650 DIGITAL LOCK-IN AMPLIFIER" is a dualphasedual frequency (the_15645 is a
dualphasesinglefrequency) lockin amplifier with a frequency range of 1 mHz to 250 kHz.

It can be widely usetb measure thenagnitude and phase ofsanall AC signalburiedin noise, taking
advantage of the following features.

For details on the basic functions and terms of a-ioamplifier, F "1.3 Operating Principle"

Variety of Reference Signals and Detection Functions

In addition to a synchronous function with general external reteraignalsinternal oscillation signals,
and measured signals thiout areference signal, analharmonic measuremefinction the following
functions are provided.
a) Fractional Harmonic Measurement
In addition to the harmonic, a frequency of a submleltgd the fundamental wave (x 1/ 1 to 63/
63) can be measured.
b) Dual Frequency Simultaneous Measurement
Two sets of dual phassensitivedetectors enable two frequency components included in a single
input signal to be measured simultangguMaking aratio from the two measured componeautsl
cascadeonnection of detectors are also possible.
¢) External 10 MHz Synchronization

A signal can be synchronized with the frequency reference of other devices using a 10 MHz
(1OMHz IN connector) external refaree frequency.

Digital Processing Ensures High Stability and Superior Dynamic Reserve
Phase detection and subsequent processing are performed digitally. Output zero drift at high gains is
smaller than the analog system, and up to 100 dB dynamic reserbe obtained (measurement can be
performed with a noise 1@00 times larger than the sensitivity, namely the signal full scale).

High-speed Smooth Output Response
The maximum update rate781.25 ksamples/s, and the amplitude resolution is 16 bits.

. High-speed Locking Even at Low Frequencies
It takes just about two cycles to lock on to the reference signal even at low frequencies. Furthermore, a
moving average filter synchronized with the signal cycle obtains adpgéd response with a small
ripple.

Remote Control
USB, GPIB, R&232, and LAN are available, which facilitate incorporation into automatic measurement
systems. The maximum transfer rate of measured values is 100 k samples/s (USB).

. Thin Design
The height is 88 mm (2U) so it can easilynbeunted in a rack.
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1.2 Applications
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1.2 Applications

ThelLl5645 / LI5650 can be used in the following fields, taking advantage of its features.
, Scanning probe microscope signal detection

Spectroscopy (material science using Auger electron spectroscopy, photoacoustic

spectroscopy, Raman spectroscopy, etc.)

Measurement of optical properties (intensity, absorption, scattering, transmission, etc.)

5

Optical application measurements (optical gyro, detection of distance, speed, vibration,
etc.)

Magnetic measurements (evaluation of magnetic materials, vibration-type magnetometer,
magnetic detection using SQUID)

Hall coefficient measurement

Evaluation of various sensors (measurements of physical quantities detected by optical,
magnetic, and piezoelectric elements, chemical changes, etc.)

Null detection with impedance bridge

Impedance measurements (minute impedance, minute capacity, chemical impedance)
Thermal diffusivity measurement of thin film materials

Yy Typical Application Examples of the Phase Sensitive Detector
The following meaurements can be performed using the phase detection feature in order to detect
specific phase components.

a) Position Detection Using a Differential Transformer

. Good linearity bidirectional position detection
Ordinary voltmeter

output 'é Signal can be performed using phase detection. This
Signal X\\/\ IRV also suitable for position feedback control.
%_ RN <3 An ordinary voltmeter cannot identify the
Bisplacement direction, and the linearity near the zero point
e / \ _ deteriorates due to mixing of noise or crosstalk.
t?;f;i;i?;iir LIA output (before correction A 1ock-in amplifier provides good linearity and it
(after correction is easy to cogct a zerepoint error.

LIA: Lock-in amplifier
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1.2 Applications

b) Spectral Characteristic Curve Peak Detection
If a minute "changé is superimposed on the

Phase
- -+ wavelength sweeping and thHehangé of the
?;,? signal strength is measured using a lock
o B amplifier, the differential value of the

. : i : characeristic curve can be obtained. This value
<:> $ <:>Wave length goes through zero at the peak or bottom of the

. . . characteristic curve (a positive/negative inversion
ﬁ Differential value - . N
' occurs), so it is easy to obtain that position.

Since the deviation direction can be identified, it

Y OUT

can be used foautomatic control to follow the
peak wavelength.

Yy Application Examples Taking Advantage of the Features of the LI5645 / LI5650
The following measurements can be performed using a variety of functionsLo5645 / L15650.

a) Hall Coefficient Measurement (Difference Frequency Signal Measurement)
The hall voltage igproportionalto the product of two signals (current and magnetic field), and its
frequency is the difference frequency (and sum) frequency of the two signals. Synchronizing an
externalsignal, which generates a current and magnetic field, with_LktB645 / LI5650 at an
external 10 MHz allows measurement of the difference frequency signal of any two frequencies
without having to arrange an external reference signal (difference frequency
To avoid the intermodulation in tHe 5645 / LI5650, sufficiently suppress the origindh andf,
components included in the input.

metal 15645 / L15650 If the original frequency is an integer
EXTOSC | arge current Sample ratio, the difference frequency signal
(2 CH) RN / Hall PSD can also be measured using the
fy voltage . m OliT fractonal harmonic measurement
f1 fo-fq - >< - function. Both can avoida crosstalk
i Strong fa-f1 interference  from the external
i L .
i magnetic field 10MHz IN | I(;\I;'C reference signal.
10MHz Standard frequency |
P fa-f1
fli'nigg_ef}a(iio Rl EIR nTm =fax@-p)/p
fq =fqx nI/ m
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1.2 Applications

b) Measurement of Light Transmission and Absorption, and Suppression of llluminant
Fluctuation (LI5650 only)
Using both the simultaneoudud frequency measurement and fractional harmonic measurement
functions allows fluctuation corrections of light sources and other sources using the dual beam method
(ratio measurement) with a sindl&5650.
Applying negative feedback to the reference dghal also stabilizes the strength of the light source.

Light Sample
source fi:fo=n:m cell

fr&fo LI 5650

VA @7 fr&f5

—

[o}]

) 4

ouT

v

wn
3
8
RATIO
alb

1

1

I

:

! Reference n/im

! — cell

: Light chopper 7y b !
! or fo REF IN f i
I Optical modulator Dual frequency & 1
: Fractional harmonic measur[sment
1 (Negative feedback) v

To avoid mutual interference, avoid two frequencies from being in a relationship of harmonic and
subharmonic. Modulation and detection are also possible by two arbitrary frequencies by
synchronizing with an external signal generator using the 10 MHz synchronization function.
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1.2 Applications

¢) Dual Demodulation (LI5650 only)
If the pump light and probe light are modulated at different frequencies or a sample is excited with
two pump lights with differet modulation frequencies, an amplitude modulation signal is obtained
from the sensor and information may be included in this envelopeLB&80 can demodulate an
amplitude modulated signal and then detect the obtained envelope signal by internatie casc
connecting the two detectors.

i“;i'/‘ “““““ ! LI 5650

' Envelope f; :

1 1

1 1 o |-

| Carrier f, : L 20 g

1 1

11 ! R H>

i INTOSC i d

Tt T __________ 4 | -

10MHz IN A
10MHz Sample Modulator
Pum
o) f5: Carrier <:| "ﬁs
E / . L R
g|fel ) T2t f1 : (") EXT OSC
g AN / f / Modulator | Mb | -
| | Probe | 10MHz
Frequency

Envelope information can be obtained by detecting the amplitude modulation signal.

1-6 LI 5645 /LI 5650



1.3 Operating Principle
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1.3 Operating Principle

1.3.1 Basic Principle of a Lock-in Amplifier

In general, noise is distributed over a wide range of fregesn& lockin amplifier is a device that uses the
difference of the frequencies to separate signal and noise and amplify the signal. It works as a narrow band
filter / tuning amplifier where the center frequency equivalently follows the signal.

The frequacy of a signal including noise is first converted to a DC voltage using a Phase Sensitive
Detector (PSD). At this point, noise in the vicinity of the signal frequency is also converted to the vicinity
of DC. Then, the noise and ripple caused by deteetierremoved using a low pass filter (LPF) to obtain

the DC component. When this is returned to the original frequency, the equivalent bandwidth is equal to the
band pass filter (BPF) that is double the cutoff frequemgydf the LPF. Increasing the tinmnstant
(response time) and attenuation slope (number of steps) of the filter decredggsdhmore noise can be
removed. After the noise is removed using the LPF, a signal can be amplified without being saturated by
the noise. AC gain before phadetection and DC gain after it are determined by the sensitivity and
dynamic reserve (DR) settings. (DR = maximum allowable noise Iéwkidcale sensitivity

A lock-in amplifier needs a reference sigrdEF IN) as the reference of the frequency andseh

The PSD is a multiplier of a measured signal and reference signal feothsine wave anthe same
frequency. The amplitude of a reference signal applied to the PSD is constant, and the phase can be shifted.
The PSD output is dependent on the miagia of the measured value (R) and the phaseretiife from

the reference signal (d).
A dualphase lockn amplifier is equipped with two PSDs, and works as a vector voltmeter that can obtain
two orthogonal components X and Y (in other words,

signalapplied to the PSD is adjusted so that Y is zero, and the magnitude of the signal is measured using X,
the influence of random noise can be reduced more than with measurement using the R output.

[2 2
ACAmp  PSD LPF  DCAmp R=VX"+Y
Y OUT -1
> _ d=tan” ~(Y/X) Signal
Rsm[ Y o* vector
R ,e*
R ot

Rl N shifter

D X OUT X
Rcos | Equivalent

2

fo 21800 o~ LPF BPF
— fo 2fc
-

()
©
sin(2af gt + [ ) sin(2afot) / DC +2fg DC 2
=(cos| -cos(4nfot+[))/2 + Noise g l |
I‘I <
SIGIN ouT " L1l Ll L
§ Saturation level E: 0 fo 2fo
S | signal No ise [ I~ "] =i DC) Signal Ripple
S | Signal Noise M / i ( g pp
e e S = —_  _— S~_.__-- \ 4
< \Iﬂ /IH IH \‘I ot Fre i
-t L quency conversion
\ AC Gain LPF DC Gainf (No LPF)
SIG IN x {S'g.”a' gain DR = DC Gain
Noise gain

Figure 1-1 Basic Principle of a Lock-in Amplifier
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1.3.2 Block Diagram
The following shows a schematic block diagram ofltHs645 / LI5650 and describes the main functions.
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I ~0 | : |
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i s+ FLOAT / GND 50 /60Hz 100/ 120Hz FILTER i | :
| A;E : : : AC GAIN(SENS, DR) | : i
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| DC GAIN(SENS, DR) 7~ ~777""""77""" " :
. 1
| TC, SLOPE, i ' OFFSET EXPAND K
i SYNC i boxy o xy | — [ '
| PSD1X,Y : ' : w v DATA |
4 ! OouT1_ |
i X R ‘[>—'@7 SH Y Buf i
. 1 .
' : r S| el ! i
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| X % >__<i :>_ zZ ; — D/A Buf |
1 — ! |
I LPF ! D DATA
i +90 | | [ CALCULATE | L[S outs |
| 2, e ) | = T B!
REF1 \ I
" NOISE L © DATA
I LIB650 0nly === mmmmmm e oo T DET2 out4
Il T psp2 : ouT — DA Buf :
1 s _M > @D > } 10V |
I H ] .
| ol o |
i ; L—" to CPU/MEMORY [
I !
i !

DUAL | [=#90° | r N e '
v SECONDARY ;
4 REF2 | DETECTOR ; [ DETECTOR CKT ]
i_l'."_- T __".';'.':_ ................................................. |
L T T I I D I I I I I I I I n I T :
i nm-: .. FREQUENCY PHASE-: ReF1
; REFERENCE PHASE
: REFIN O DETECTOR SHIFTER 1 j*___
10MHzIN — =S¢ | | INTOSC|E|--—==—== T-—-'REF 2.
! O 3¢ PHASE |
! SHIFTER 2 !
- T e ) e __ 1
i[ REFERENCE CKT] | | ---2--%
L 2

: CONTROL, STATUS, DATA
N D

!

|
POAUX o]
N2 AD | |
|

g TRIGIN O MAIN CPU | |

PREAMP

|15V OUT POWER DC REMOTE PANEL

i aAcune 3 SUPPLY POWER [ CONTROL CKT] | CONTROL

L e e

Figure 1-2 LI5645 / LI15650 Block Diagram
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1.3 Operating Principle

a) Signal Input Section (SIGNAL INPUT CKT)

The signal input section has the following functions. (OnhLi&650 is equipped with théconnectoy
Input connector selection (A, A-B, 1)

Input coupling selection (AC, DC)

Signal amplification (AC amplification)

Line frequency noise removal (LINE NOTCH)

Anti-aliasing filter (ANTI-ALIASING FILTER)

Prevents noise outside of the band from aliasing into the signal band by means of
sampling.

b) Detector (DETECTOR CKT)
Sampling
An input signal is converted to a 16 -bit digital signal at a sampling rate of 25 M
samples/s. Although omitted in the figure, a dither signal (a sort of noise) for
distributing the quantization noise is added to increase the number of effective bit s for
the narrow band signal.

Phase Sensitive Detection (PSD)

The frequency of a signal is converted to a DC voltage using a Phase Sensitive
Detector (PSD).

Information of the magnitude and phase of a signal are saved by detecting them using
two orthogona | phases. Phase sensitive detection is accomplished by multiplexing an
input signal and internal reference signal. Since a reference signal applied to the PSD
is a sine wave, there is no influence of the harmonic of an input signal, which becomes
a problem when a simple square wave reference signal is used. A ripple doubling the
signal frequency occurs in the product of a measured signal and reference signal, and
the same ripple as with the signal frequency occurs in the product of an input DC
offset and re ference signal, but they are removed by a time constant filter in the next
step. A lock -in amplifier only measures AC signals so it has the advantage that it is
not affected by the thermal electromotive force (DC).

Time Constant Filter (TC, SLOPE, SYNC)

The time constant filter removes the noise and ripple caused by detection. Normally,
the time const ant filter consists of a 1'st order low pass filter (LPF) and 1 to 4 steps
(attenuation slope 6 / 12 / 18 / 24 dB/oct equivalent) that are cascade connected.
Increasing the time constant (TC) and attenuation slope (SLOPE) narrows the
bandwidth to remove more noise, but slows the output response. Switching the time
constant filter operation to the synchronous filter (SYNC, moving average of the
integer cycle) si gnificantly reduces the ripple in the detection output, so it is easy to
obtain a high -speed response by applying a small time constant value.
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1.3 Operating Principle

Amplification (DC GAIN)
When noise is removed, a signal can be amplified without being saturated by the noise.
AC gain before phase detection and DC gain after it are determined by the sensitivity
and dynamic reserve. The phase sensitive detector, time constant filter, and DC signal
amplifier use digital operations, so there is no limit to the dynamic reserve cause d by
DC drift, which becomes a problem in the analog method.

Dual Frequency Simultaneous Measurement (PSD1, PSD2)
The LI 5650 is equipped with two dual -phase Primary and Secondary PSDs.
Measurements can be performed simultaneously at two frequencies. The  two detectors
can also be used by cascade connecting them.

¢) Calculate Section (CALCULATE / FORMAT)
Measured values X and Y of the leitkamplifier are the RMS values of orthogonal phase components.
R calculated from X and Y is the RMS value of a sigsile wave).
The output offset adjustment (OFFSET), expansion (EXPAND), normalize operatiaB(%tc.) and
ratio operation (RATIO) can be performed as needed.

d) Reference Signal System (REFERENCE CKT)

An internal reference signal (sine wave at a tamsamplitude) used by the PSD is supplied by the

internal oscillator.

External Reference Signal
In principle, a lock -in amplifier performs the measurements using an external
reference signal ( REF IN) as the reference of the frequency and phase. If the re ference
signal source is an external reference signal, the internal oscillator generates a sine
wave synchronized with the external reference signal (the frequency and phase match)
using a Phase Locked Loop (PLL).

Internal Oscillator
If the reference sign al source is internal (INT OSC), the internal oscillator oscillates a
signal at a frequency specified by a numerical value. The internal oscillator uses a
direct digital synthesis method so the frequency is stabilized immediately after it is
set.
The signal of the internal oscillator is output as a sine wave ( OSC OUT) or TTL -level
square wave (REF OUT). If the amplitude of OSC OUT is set to zero, interference
(crosstalk) from the reference signal to the measured signal can be reduced, which is
often a probl em in particular at high frequencies.
The internal oscillator has a function to generate a harmonic (harmonic, subharmonic,
and fractional harmonic) signal
With LI5650, two reference signals are generated for the dual frequency simultaneous
measurement. A fundamental wave and harmonic wave or the primary frequency and
an arbitrary secondary frequency independent from it (specified by a numerical value)
can be used.
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1.3 Operating Principle

Synchronization with the Measured Signal
If the measured signal is specified for the refer ence signal source (SIGNAL), the
internal oscillator is controlled so that the measured phase value is set to zero (the

frequency and phase match).

External 10 MHz Synchronization
If a reference frequency for frequency synthesis is applied to ( 10MHz IN) from an
external source, the internal oscillator generates a reference signal synchronized with
that reference frequency. Therefore, measurement can be performed without applying
an external reference signal ( REF IN). Not only the signal frequency but also  the signal
sampling rate, output update rate, and the rate for recording to the data memory by
the internal timer are also synchronized with the external 10 MHz.
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2.1 Checking Before Use
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2.1 Checking Before Use

Yy Safety Check
To ensure the safety, refer'tBafety Precautions” at the beginning of this instruction manual before
using thel 15645 / LI5650.
Furthermore, before connecting to the power supply, T28dJGrounding and Connecting to Power
Outlet" to ensure the safety.

Yy Unpacking
Check that the device has not been damaged during transport.

After unpacking, refer téTable 2-1 Composition List" to check the contents.

Table 2-1 Composition List

~
LISGEAE OF LISE5E0 - vveerererememenenenenananananananaeeneneeeenenennes 1
Accessories
Instruction ManUal@PErationy - -«---++++-rererererererernnnnennn 1
CD-ROM (Contentgf Next page)-««:-««-«+oseemerrmnmiieiiaiinn. 1
Power cord Set (BOlE/2 M)----++++xxvrrrrrrrrreaaaniiiiiiiiiiee 1
Fusefimelag,i 5. 2 T 20 -FR)-ceoemreemrrr, 1
Protective cap (for current input connectd5650 only) --------- 1
- /

There are high voltage parts inside this device. Never remove the cover.
No one except trained service technicians who have knowledge of hazard prevention
is authorized to check the inside of this device.
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2.1 Checking Before Use

Yy Contents of the Supplied CD-ROM

LI5645 / LI5650 Instruction Manual (Operations)

This manual (in PDF format).
LI5645 / LI5650 Instruction Manual (Remote Control)
Describes how to remdyecontrol theL15645 / LI5650 (in PDF format).

IVI (Interchangeable Virtual Instruments) driver
Driver for handling the main commands and queries irLtb645 / LI15650, which can be used in

various programming languages. In NEW, the VI driver canbe imported and converted 't@i"

or".llb".

Sample Programs
Show examples of controlling thd5645 / LI5650 using programming languages such as C# and

VB.NET and various interfaces.

The aboved just an outline. For details, refer to the instruction manual on thRQID.
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2.2 Installation
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2.2 Installation
2.2.1 General Precautions for Installation

—— /A CAUTION

Observe the following points. Otherwise, the LI15645 / LI5650 may be damaged.

0 The LI5645 / LI5650 uses a forced air cooling system using a fan.
Do not block the rear panel which has an air exhaust vent and both sides which
have air intake ports.

0 Do not install the LI5645 / LI5650 on its back or side. There is a risk of it falling
over.
Install it so that all of the four feet on the bottom sit on the flat surface of a table,
etc.

2.2.2 Installation Conditions
Operation: 0 ta-40°C, 5 to 85 %RH (Absolute humidity 1 to 25 ¢/moncondensing)
Storage:10 to +50C, 5 to 95%RH (Absolute humidity 1 to 29 gAmoncondensing)

Q Install the device at an altitude bel ow
Q Avoid use in the environment of a strong radio freq uency magnetic field where the
measured

values may fluctuate temporarily.

—— /\ CAUTION

Avoid installation in the following locations.
0 Where there is flammable gas
There is a risk of explosion. Never install or use it in such a location.
OQutdoors, where exposed to direct su
The performance may not be satisfied, or a failure may occur.
0 Where there are corrosive gases and
and oily smoke, and metal powder, etc.
Corrosion or a failure may occur.
Where there is a |l ot of vibration
Malfunction or a failure may occur.
0 Near an el ect r oma g-noltage eguipmeéne poder Iz ar pudse
noise source
Malfunction or a failure may occur.

O«

O«

0 Install this product in a place that satisfies the following temperature and humidity conditions.

2,000

Install theL15645 / LI15650 and parts that may cause noise such as power cables of other equipment away

from the signal cable. If they are installed close to each other, a malfunction or measurement error may

occur.
To ensure correct measuremenrdyin up the device for at least 30 minutes before use.
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2.2 Installation

2.2.3 Rack Mounting

The LI5645 / LI5650 can be mounted in a 48ch IEC rack, EIA standard rack, or JIS standard rack by

attaching therack mount kit ¢ptiona). Rack mount kits for Milli rack (JIS) andh¢h rack (EIA) are
available.

First, attach the rack mount kit as shownFigure 2-1 Rack Mount Assembly Drawing (JIS) and
Figure 2-2 Rack Mount Assembly Drawing (EIA) , and then mount the device to a rack.

When mounting to a rack, be sure to mount rack rails, etc. to support the LI5645 / LI
5650. Otherwise, a fall may cause injury, or the LI5645 / LI5650 may be damaged.

—— /A CAUTION

0 Provide the rack with ventilation
0 The LI5645 / LI5650 has an air intake port on both sides.

Provide clearance of at least 20 mm from the wall, etc. at the sides
0 There is an air exhaust vent on tl
Provide clearance of at least 50 mm panel from the wall, etc. at the rear
If the ambient temperature exceeds the specified limit, or air intake or
exhaust is blocked, the LI5645 / LI5650 may be damaged.
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2.2 Installation

Remove the rubber feet. /

Figure 2-1 Rack Mount Kit Assembly Drawing (JIS)
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2.2 Installation

=—— ~_ Remove the screws.

-
l
I
f
I8

'
LN

Remove the rubber feet. =

Figure 2-2 Rack Mount Kit Assembly Drawing (EIA)
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2.2 Installation
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2.3 Grounding and Connecting to Power Outlet
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2.3 Grounding and Connecting to Power Outlet

~

0 Be sure oundingper form gr

The LI5645 / LI5650 uses a line filter, which may cause electric shock if the device is
not grounded.
To prevent electrical shock, connect it to an earth ground so that ground resistance is
100 q or less.

The LI15645 / LI5650 is automatically grounded by connecting-pi power plug to a-pin power outlet
with a protective ground contact.

Yy The foll owing shows the power supply condition
Voltage range :100V AC +10% / 120V AC +10% / 230V AC +10%,-14%
however, 25¥ or less
Line Frequency range : 50Hz / 60Hz £2Hz
Overvoltage category u

The maximum power consumption is\5.

This product has a power supply voltage selector switch on & LINE 20V
rear panel. Check that the ltage of the outlet matches the V©LTAGE§ :
voltage set with the power supply voltage selector switch. J
To changethe power supply voltage, disconnect the power cord
and then turn the efector switch with a small fldiead

screwdriver slowly until you hear a click so that the key points

to the setting voltage. Figure 2-5 Power Voltage
Selector Switch

—— /A CAUTION

Set the power supply voltage selector switch to the position where it clicks to prevent
the switch from being in a half-way position.

Check the power supply voltage selector switch setting and then connect the product
to the power outlet.
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2.3 Grounding and Connecting to Power Outlet

y Perform the following steps to connect to the
1) Check that the power outlet voltage to be connected is within the voltage range of this product.
2) Turn off the power switch of this product.
3) Connect the power cord to the power inlettmrear panel of this product.
4) Insert the plug of the power cord into the power outlet with a protective ground contact.

—— /A CAUTION

Note that the supplied power cord set is specifically for use with the L15645 / LI5650.
Do not use it for any other product or purpose.
Be sure to use the supplied power cord set to connect the product to the power outlet.

When turning the power off and then back on, wait at least 5 seconds before turning the power back on.

y The power <cord can bld5645 $145850 from thd AGpovwemontletint t h e
case of an emergency.

To ensure that the power cord can be disconnected from the power inlet on the LI
5645 / LI5650, allow sufficient space around the inlet. Furthermore, to ensure that the
power plug can be disconnected from the outlet, use an outlet in an easily accessible
location and allow sufficient space around the outlet.

If you notice smoke or a strange odor or sound being emitted from the device,
promptly disconnect the power cord, and do not use it until a repair is completed.

2-11 L15645 / L15650



2.3 Grounding and Connecting to Power Outlet

1 VA A 4
y Observe the rating of the fuse.
The following shows the rating of tHase of tke L15645 / L15650.
Power supply voltage 100/ 120V : Rated current 1.0 A, rated voltage 250
Power supply voltage 230 : Rated current 0.5 A, rated voltage 250
Othercharacteristics
Electrical characteristic : Time lag
Dimensions : 0d5.2 x 20 mm
To replace the fuse, disconnect the power cord, and then turn the FUKEE —
holder on the rear panel left with a flaade screwdriver and pull it out. ‘
Replace the old fuse with new one, insert the fuse holder, and turn it \
right with a screwdriver to lock it.
~LNE | FUSE

[ {00V, 120V T1.
230V 250

Figure 2-6 Fuse
Replacement

Before connecting to the power supply, check that the power supply voltage selector

switch setting and the rating of the fuse match the power supply.

To change the power supply voltage selector switch setting and replace the fuse, be
sure to disconnect the power cord from the power inlet on the LI15645 / LI5650 or the
outlet.

Otherwise, the LI15645 / LI5650 may be damaged, or electric shock or fire may occur.

There are high voltage parts inside this device. Never remove the cover.
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2.4 Simplified Operation Check
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2.4 Simplified Operation Check

It is recommended to perform an operation check with the following procedure after you purchase the
L15645 / LI5650 or you have not used it for an extended period of time. (Prepaoscillator andwo

1-m BNC cables.)

1. Connect to the power supply ahén turn on the power switch.
Wait until the startup screen disappears and the measurement screen appears.
For details on the startup, "4.1.2 Startup Screen and Operation on Startup"

2. Reset the settings.
Press the UTIL | key, the[ RESET> ] soft key, and ta[ Exec ] soft key.

3. Select the internal oscillator (INT OSC) for the reference signal source.
Press the REF | key and thd SOURCE ] soft key.
Select INT OSQising the up/down keys or MODYFnob.

4. Connect th©SC OUT connectoand theSIGNAL INPUT A connectowith a BNC cable.

5. Check that measurement can be performed correctly.
Change the output amplitude of the internal oscillator and check that the amplitude setting and the
measured value (R: magnitude of the signal) is almost the same.
Pres the key and thg OSC SET> ] soft key, and then press thd=REQ> ] soft key to
change the frequency, or press thdVIPTD> ] soft key to change the amplitude.

6. Select the external reference signal (REF IN) for the reference signal. source
Press thd REF | key and thg SOURCE ] soft key.
Select REF INusing the up/down keys or MODYFnob.
Press thg¢ EDGE ] soft key and operate thg/down keys or MODIFY knob to select SIN (Rise +)
or TTL-level square wave (Rise + / Fgll

7. Premre another oscillator (NF Corporation's Multifunction GeneMtBi947, etc.) and configure
the following settings.
Waveform: Sine wave (SYNC OUT: TTL level, Duty: 50% square wave)
Oscillation mode: Continuous oscillation
Frequency: 1 kHz (change it withthe range to be checked)
Amplitude: 1 Vrms (change it within the range to be checked)

8. Connect the output signal of the oscillator toltH&645 / LI5650.
Oscillator synchronous signal  (SYNC OUTY LI5645/L15650 REF IN connector
Oscillator pri mar \LI56#%/LIpa5AACcONREIC OUT) VY

9. Check the synchronization function for the external reference signal.
When the signal is synchronized, the UNLOCK icon on the measurement sa@@&gpedirs and the
same frequency as the external oscillator is displayed. Change the frequency and amplitude of the
external oscillator and check that measurement can be performed correctly.

The simplified operation check is nhow complete.
It is recommendetb reset the settings.
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2.5 Calibration
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2.5 Calibration
Perform the performance test described'8t6 Performance Test" at least once every yedor the

L15645 / L15650, which may vary depending on the operating environment and frequency:riroret
is recommended tperform the performance test before using the device for important measurements and
tests.

If the performance test results do not satisfy the specifications, NF Corporation will perform adjustment or
calibration to restore the original performance. [fibzation or adjustment is required, contact NF
Corporation or one of our representatives. Charges apply for calibration and adjustment services.
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This chapter describes the panel part names, operating system, and basic information common to various
operations.

Before reading Chapter 4 and onwards, please first read se&tlpBs3, and3.4.

If you wish to view the overall picture of the operating system or if you wish to know to which operation
screen a particular operation objecagsigned, please s&5 Operation Tree."

For operations that are not described in detail in Chapter 4 and onwards, pled3e S@peration
Screen Reference.”
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3.1 Panel Part Names and Operations

3.1 Panel Part Names and Operations
This section provides an overview of the part names, functions, and operations of the front gentkeisar

3.1.1 Front Panel
*1: Only theLI5650 is equipped with.

[Display Panel h ( / LOCAL Key A
This is used to clear the set value.
4.3' WQVGA (480x272 dots) dor LCD If the state is remote, it returns the state to I
Measurement Screen operation (secondary function) _
Hold down the key for 2 seconds to activate
The key allows you to switch sequentially between following tertiary functions.
following screens. n Disable the panel operation
Standard Displays the measured values and main settings N Turn off the display and lamp
well-balanced manner. N Cancel both of the above
ExpandedDisplays the expanded measured values and bar gr REMOTE: Remote lamp
Detail  Displays the measured values and advanced settin This is litin the remote state.
The following keys allow you to perform simple operations. KEY LOCK Key lock lamp .
. . . This is lit when the panel operation is disabled.
Simple operation keys: Select the detector, parameter, etc.
Up/Downkeys: Sensitivity N -
Left/Right cursoikeys: Time constant (Soft Key / Simple Operation Key
Operation Screen Works as a soft key in the operation screen anc
This is selected using the operation screen selection key. | simple operaén key in the measurement screen.
The operation screen title, the setting values to be operate| ¢
setting range, etc. are displayed in the lower part. Operation Screen Selection Keys ]
The soft key title is displayed at the right end.

The digit of the value isedected using the left/right cursor keys ¢
the value is changed using the MODIFY knob or up/down keys. MODIFY Knob

The set value can be cleared using key. Up/Dewn Keys
_ ) Left/Right cursor Keys

These are used to set or select the param

{ j:?rfj

V tuhma  1ema 10MQ  1vrma 10MQ

DRDYNAMIC RESERVE = g
TCiTIME CONSTANT VR TTLING Tvime Zout 52

7 \ . / \ L
4 B N
Signal Input Connectors )

Reference Signal System

REF IN External reference signal input
connector

0.3 Hz to 260 kHz (Sine wave)
or 0.5 mHz to 260 kHz (TTL)
0.3to10Vppor TTL

OSC OUT Internal oscillator outputonnector
0.5 mHzto 260 kHz 0 to 1 Vrms, sine wave

\ J

A \oltage (singekended, 1 V, Zin 10
A-B \oltage (differential, 1V, Zin 10 4)

I Current (V conversion gain 1M 100M V/A) 1
AC DC coupling can be selected far A-B "L,
FLOAT GND can be selected for autercortact

/
Monitor Output Connector /1 DATA1/DATA2 Output Connectors

PSD hput signal. Analog output of measured values POWER Switch
J

Figure 3-1 Front Panel
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3.1 Panel Part Names and Operations

3.1.2 Rear Panel

N

P
Reference Signal Output Connector

P
DATA3 and DATA4 Output

Outputs a square wave signal synchronized witt Connectors Certification Pass Label
\mternal reference signal. L Analog output oimeasured values
e o (

Power Voltage Selector Switch p | Power Conr?gctor

Adjust to the power voltage before connectil AUXIN 1 and 2 for P.reamplmer

the powercord. Stop the selector at the Auxiliary Input Supplies power t(.).the
kposition where it clicks. Connector (DC) kexternal preamplifier.

(. A

( AUX OUT 1 and 2
Auxiliary Output
\Connectors (DC)

Cooling Fan Exhaust Port

Provide a space of at least
50 mm around this to ensure the
exhaust is not blocked.

Signal Ground

Terminal
Do not use this as a
protective ground termina

Q

=108V Zour kR

)

/

Fuse RS-232

Nomenclature
Be sure to use the fuse Connector Connector
specified for each power Plate

voltage.
GPIB USB
Connector Connector
Power Inlet
The center pins are for the protect N—

——
Connectors for remote control

ground terminal.

/

p
10 MHz Input Connector External Trigger Input Connector
To synchronize the frequency of another Applies a trigger signal for recording the

device with tlat of the internal oscillator, app measured value to the internal data memc

the same 10 MHz reference frequency to bc \

Figure 3-2 Rear Panel

For details, refer to the description of the operations in Chapter 4 and onwards, as well as
"9. Specifications."

For remote control, refer t&LI5645 / LI5650 Instruction Manual (Remote Control)" on the supplied CD

ROM.
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3.1 Panel Part Names and Operations

A Notation of the Screens and Keys in this Instruction Manual

{Screen Names}

These are the names of screens displayed on the display panel. Screens are classified

into the following two types.

Measurement Screens {Standard Expanded Details}
Displays the main measured values and settings.

Operation Screens
Displays the following.
N Main measured values and settings
N Names and values of parameters to be operated and comments such as the setting range
N Soft key functions

[Hard Key Title |
Indicates a key with this name or symbol printed on the key top.

A cursor key indicates the direction by its shape and the title is not printed on it.

|Hard Key Title | / Secondary Function Name
Indicates a key that has the main function printed on the key top a nd a secondary
function printed near it. When the  secondary function is executed in this instruction

manual, a notation with "/ secondary function name " added to the key is used. If the
main function is executed, "/ secondary function name " is not added.

[ Soft Key Title ]
Indicates a soft key that has this function.

A hard key
refers to a key that is a physical entity with one or several functions.
With regard to a hardckey with multiple functions, asecondaryfunction may be enabled
according to the situation.

A soft key
refers to a key, whose function changes depending on the situation.
The function displayed on the right end of the screen on the display panel is enabled in the
operation screen.
The soft key wdts as a simple operation key in the measurement screen, asdcthredary
function indicated directly above the key is enabled.

A secondaryunction
refers to a function not indicated on the key top, but near the key (above or under it).
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3.2 1/0 Connector

1 VARV A 4

3.2 1/0O Connector

To prevent electric shock, ensure that the auxiliary input connector (AUX IN) of BNC
isolated from the enclosure and external 10 MHz synchronous connector (10 MHz IN)
do not apply a voltage exceeding +42 Vpk (DC AC peak) between the BNC
connector (center contact and ground) and the enclosure.

Likewise, to prevent electric shock, do not apply a voltage exceeding 42 Vpk (DC
AC peak) between the auxiliary input connector (AUX IN) and external 10 MHz
synchronous connector (10MHz IN).

If this voltage is exceeded, the internal voltage limiting element works to suppress the
voltage, but if the applied voltage is large, this product may be damaged.

—— /A CAUTION

Do not apply a voltage exceeding the maximum input voltage range to the input
connector. This product may be damaged.

—— /\ CAUTION

Do not apply a voltage to the output connector from outside. This product may be
damaged.
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3.2 1/0 Connector

1 VA A 4
3.2.1 Signal Input Connector

*1: Only theLI5650 is equipped with.
1) Signal Ground

The signal ground for the signal input connectors (the followirg andl** connectos)

is isolated from the enclosure in a range of £1 V.

Floating voltage (allowable voltage to groundt1 Vpeak (DC AC)

Impedance to enclosure when floating X 10 kg (nominal val ue)

When grounded 11 q (nominal wvalue)

Switch
Ground 11W MA——

Float 10 kW &—AANAN—20

N N
24
v
N N
Enclosure /77 < Signal ground
— _»
+1V pk

The ground impedance between the signal ground and enclosure can be switched between float and
ground.If a voltage exceeding =1 V is plped, this isolation cannot be maintained.

—— /A CAUTION

42 Vpeak (DC+AC) cannot be applied between the signal ground and enclosure.
If a voltage exceeding 1.0 V is applied, a large current flows and damages the internal
circuit.

2) Voltage Measurement Input Connectors (A and B)
The following shows the voltage measuren@ninectos A andB.

Input impedance :1 0 Magmin@l natue), 50 pF in parallel
(supplementaryalue)
Maximuminput voltage (linear operatingnge) : £3 V (eachconnectowoltage and differential

voltage in DC coupling)
Non-destructive maximum input voltage AC coupling Sine wave 10 Vrms, 24V DC
DC coupling (214 V

Protective relay
AC / DC +3V s

A,B
0.15u

—— /\ CAUTION

If the signal significantly exceeds the maximum input voltage range, the input connector
may temporarily be separated from the inside for protection.
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3.2 1/0 Connector

VA A 4
3) Current Measurement Input Connector** (1)
Input impedance 1 kq
(conversion gain 1 Msupplementaryalue)
100 kq

(conversion gain 100 Msupplementaryalue)
Maximum input current (linear operagirange) :N3 € A (conversion gain 1 M,
Norrdestructive maximum input current 1210 mA

LaE:
—— A\ CAUTION

If a current of £10 mA or more flows, the internal circuit will be damaged. Attach the

supplied protective cap if the input current will not be used.

3-8 L15645 / L15650



3.2 1/0 Connector

3.2.2 Reference Signal Input Connector
1) Reference Signal Input (REF IN)

If the EDGE setting is changed for the reference signal input connector, the internal circuit is also

changed.
Input impedance 1 Mq (nominal val ue) ,
100 pF in paralle{supplementaryalue)
Input voltage range, SINE :0.3Vto 20 Vpp
TTL :0to 5V (Low 0.8 V or less, High 2.6 V or more)
Norndestructive maximum input voltage+15 V
+15V +3.3V
REF IN REFIN O W\,Zis \N\/—|>
s 11k i
S -15V E/i
For SINE For TTL

2) Sine Wave Output (OSC OUT)
A sine wave synchronized with the internal oscillator is output fromQ8€ OUT connectorIf the

synchronous source is the external reference sidrtaF (IN), the output is synchronized with the
external reference signal source.

Output voltage range : 0.00 mVrmsto1.000 Vrms
Maximum output current ;215 mA
Output impedance :50g (nominal value)
+oV +5V Attenuator
2 25 D—Ij
v —O OSC ouT
-5V
-5V

Sine wave output

If the frequency is 3.2 MHz or more, the output is 0 Vrms regardless of the setting.

3) Square Wave Output (REF OUT)
A logic signal synchronized with OSC OUT is output.

Signal level : TTL (0 t03.3 V, nominal value)
Maximum outmt current : X8 mA
+5V
CMOS
LOGIC

75
~—A\\N O REF OUT
I s
Te)
-

Square wave output
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3.2 1/0 Connector

—— /A CAUTION

Do not apply a voltage exceeding the maximum input voltage range to REF IN.
There is an output current limit to OSC OUT.

Ensure that the | oad to the REWwreOUT gro

3.2.3 Analog Output
1) Measured Value Output (DATA OUT)

The following shows th®©ATA OUT1 and?2 on the front panel anBATA OUT3 and4 on the rear
panel.

A voltage in proportion to the measurement display values (R, X, Y, etc.) is output.
For detailsF "4.3 Measurement Parameter Setting, Output, and Display. "

Output voltage range : 12 V (with no load)
Maximum outputurrent ;210 mA
Output impedance :470q (nominal wvalue)
*15V ey
2|5 470
AN O DATA OUT
-15V
-15V

2) Monitor Output (MONITOR OUT)
Input signal to the phase sensitive detector.
For detailsF "4.7.3 Signal Over-level Display and Monitor Output."

Maximum output voltage : £3 V (with no load)
Maximum outpt current 1220 mA
Output impedance :50g (nominal wvalue)

v +5V

25 25
MONITOR OUT
-5V
-5V
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3.2 1/0 Connector
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3.2.4 Auxiliary I/0O Connector
1) Auxiliary Input (AUX IN1 and AUX IN2)
AUX IN1 is used for ratio measurement.
For detailsF "5.8 DC Voltage Measurement (AUX IN)"
Input impedance 1 Mq (nominal v al(supplEmentdyluedp F

If the signal ground is equal to the enclosure potential
Maximuminput voltage (linear operatimgnge)

(x12V
Non-destructive maximum input voltage
: 42 Vpeak (DC+AC)
AUX IN1 1M
aux N2 (© VWV

AN
42 Vpk
DC+AC al
l 1M

| VW N\ .

+42 Vpk (DC+AC)

2) Auxiliary Output (AUX OUT1 and AUX OUT2)
For detailsF "5.9 DC Voltage Output (AUX OUT)"

Output voltage range :£10.500 V
Maximum output ctrent (25 mA
Output impedance 1 kq (nominal value)
+15V ey
5
: AUX OUT1
Zis WV O AUX OUT?
-15V

-15v
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3.2 1/0 Connector

1 VA A 4
3.2.5 Other I/0O Connectors
1) External 10 MHz Synchronization (10MHz IN)
Input impednce 1 kq (nominal value), AC cc
Signal level : 0.5 Vppto5 Vpp
Non-destructive maximum input voltage 210 Vpp
Floating voltag (allowable voltage to ground) : +42 Vpeak (DC AC)
2200p
10MHz IN —
x EXT
3 Hg REF
+42Vpk (2 CKT
-
2) Trigger Input (TRIG IN)
Trigger input to start recording to the internal data memory.
Input impedance 10 kgq (nominal wvalue)
Signal level : TTL (Low 0.8 V or less, litth 2.6 V or more)

Nondestructive maximum input voltage : +15V

+3.3V

+3.3V CMOS
LOGIC

10 k

TRIG IN O AN+
10k

3) Power Output for Preamplifier (PREAMP POWER)
The ground for the power output for the preamplifier is a signal ground.
Maximum output current : 2100 mA

PREAMP |
POWER \//,;'—s\\ﬁ " Tt

© ©

S ©

1 \\_// 4 aov

—— /\ CAUTION

PREAMP POWER is intended to supply power to the external amplifier. Do not use it
for any other purpose, because doing so will adversely affect measurements or may
cause a failure.
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3.3 Overview of the Measurement Screen
1 y AR A 4

3.3 Overview of the Measurement Screen
3.3.1 Types and Switching between Measurement Screens

There are 3 types of measment screen displayormal Large andFine measurement screens.
When the| SCRN]| key is pressed, the screen is changed sequentially as follows.

a) Normal Measurement Screen (Default)
|7 Displays the measured values, bar graphs, and main settings in a well -balanced
manner.
b) Large Measurement Screen

Displays the expanded measured values and bar graphs.

The setting information display area is smaller.

¢) Fine Measurement Screen

L As much setting information as possible is displayed.
The measured value display area is smaller.
There is no bar graph display. Instead DATAL to DATA4 are all displayed.

The |SCRN|/ EXIT key is also used to move to the upfeel operation screen and return to the
measurement screen.

3.3.2 Measurement Screen
The following shows an exate of each measurement scredisplay (when the detection mode is
SINGLE).

1) NormalMeasurement Screen

Measurement Measured vale

Outputconnetor parameter

Status display area

¥

Detectionmode
Input connectc —_
Input coupling——v__ Bar graph
Signal grounc
Detector ico
Sensitivit)\ oL
Dynamic reserv—__| OR :
Time constar —__ [— e o= o IS YR amplitide.
Attenuation slop —_____ [l Phase shift
amount

Synchronous filte

Synchronous frequency (fundamental wav Reference signal setting
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3.3 Overview of the Measurement Screen

2) LargeMeasurement Screen

Measured value

Offset icon
Output

connector

X + __— Arithmetic function
Parameter——" .

icon

— o raph

RATIO

1¥ 100ms 1.000000kHz

/

Dynamic reserve Detector icon  Sensitivity

Synchronos frequency
(fundamental wave)

Time constant

3) FineMeasurement Seen

Outputconnectorgall 4 output displays)

oG SETTIG Signal input setting

VAT i y QG s | 1,_

DATAT R +0.0000nA ' bower frequency
5 TN notch filter setting

+00000nﬁ 2 ——— AUXIIN setting

— AUX OUT setting

+0.0000nA

REF: REFIN SIN+  AMP: ( gl — 1ot ement

Arithmetic function
setting
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3.3 Overview of the Measurement Screen

3.3.3 Details of the Measurement Screen
The following describes the status display area and measurement screerffeqtl@ocy measurement.

y Status Display Area
The following describes the icons displayed in the status display area.

fSINGLEY W URNLOCK ouTPUT | HEAT EREIIEERR { otH= TG Wait UCAL

Display at sensitivity Display when recording the
Other over-level display exampls auto setting measured value

FEOTECT InA0UT m

Status Description

Indicates at-of-sync The signal is not synchronized with the reference signal.

UNLOCK The reference signal may not be connected or set correctly, or the referency

level may be low, or the sighanay be outside the measurement frequency range

Indicates gnal overlevel.

OUTPUT, Indicated if the input signal is large, the amplifier is saturated, or the time co
etc. filter after the phaseensitivedetector is saturated.

For detailsF "4.7.3 Signal Over-level Display and Monitor Output.”

Indicates oerheat conditionindicated if the internal tempéuae of the product i

extremely high. If this indication appears when the ambient temperaturéds#

HEAT less and the installation is correct, a failure has occurred, so contact NF Corp
or one of our representatives.

SENS Indicateq duiing operatioof auto sensitivity adjusimgnt. . '
"ONCE" is displayed only during automatic sensitivity adjustment operation on

PSD Indicated during operation of auto PSD offset adjustment.

10MHz Indicates whether exteal 10 MHz synchronization iglid or invalid.

Indicates waiting for an external trigger.
TGWait, Etc. REC" is indicated while the measured value is being recorded

For detailsF " LI5645 / LI5650 Instruction Manual (Remote Control)"
"5. Description of Commands": TRIGger:SOURce"

Indicates he uncalibrated state. Indicated if the calibration information of
UCAL product is lost due to a failure and the specified performance cannot be mainta
A failure has occurred, so contact NF Corporation or one of our representatives

y Det ectDisplay Mo de
If the detection mode is changed, the displayed icon is changed accordingly.

EIEmEN - sINGLE Single mode (normal single frequency measurement)

VDR : puaLl Fractional Harmonic modg.[5650 only)

WEEA - puaL2 Independent frequency mo(e 5650 only)

: CASCADE Cascade modg 15650 only)
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3.3 Overview of the Measurement Screen

Yy Harmonic Measurement Display
The following describes the screen display for the harmonic setting.
If SINGLE or DUALL (LI5650 only) is set for the detection mode and the HARMONICS setting is
enabled, harmonic symbath" is added to the end of the measneat parameter.
Furthermore, the harmonic order is displayed next to the synchronous frequency (fundamental wave)

display.

Harmonic symbol (measurement parame

Phase shift amount
/ the Primary PSD

—— Phaseshift amountof
thesecondary PSD

Fractional harmonic setting Harmonic settingof thesecondary PSD
of the Primary PSD

Yy Di s puadFyequenicy Displayl15650 only)

The following describes the screen display for the harmoniogett
If the detection mode is DUAL2 or CASCADE, the primary frequency and secondary frequency are

displayed.

REF: REFIN  SIMN+ 0.000 % Phase shift amount

/ theprimary PSD

Phase shift amount
thesecondary PSD

Primary frequenc
display ~— FF" . 1

Secondary —_—
frequency display
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3.3 Overview of the Measurement Screen

3.3.4 Operations in the Measurement Screen
Some of the parameters can be set as follows even in the measurement screen.

Simple operation keys

\ Up/down keys
7 QPHVS[EC
(]| (auTO) (DATA)
DR
— | | |SEINIS | TC |
SLOPE
— ( J)|(sia]) (PHASE)
DATA
— REF AUX
TRIG Left/right cursor keys
SCRN UTIL
Where to operate
Simple operation Function

keys
c /PRI | SEC | Select the detectLI5650 only)
PRI (primary PSD)g SEC gecondary PSg

* Can be used only when the detection mode is DUAL1, DUAL2
CASCADE

c /DR Select dynamic reserve
(For detailsF "4.7 Sensitivity and Dynamic Reserve Setting"
LOWg MEDg HIGH(g
c /SLOPE Select the attenuation slope for the time constant filter
6dBg 12dBg 18dBg 24dBg
c /DATA Sdect the DATAlor DATA2 parameter
(For detailsF "4.3 Measurement Parameter Setting, Output, and
Display")
SINGLE
(Before changgg R-dg X-Yg
DUALL1 (LI5650 only)
(Before changg Rpn-d pgh Xpn-Ypng Xsn-Ysng Xpn-Xsng
DUAL2 / CASCadgLI15650 only)

(Before changg Rp-d @ Xp-Ypg Xs-Ysg Xp-Xsd

* DATA3 and DATA4 are not changed.
c /TRIG Manual trigger
For deails,F " LI5645 / LI5650 Instruction Manual (Remote Control)"
"5. Description of Commands": TRIGger:SOURce
Up/down keys Select the sensitivity (SENS)
Left/right cursor keys| Select the time constant (TC)

y Changing the Sensitivity and Time Constant

Parameters in the setting value fields of a color different from the

Setting value background color, such as the sensitivity and time constantbe
fields . . . .
set using a simple operation key even in the measurement screen.
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3.4 Overview of the Operation Screen
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3.4 Overview of the Operation Screen
3.4.1 Operation Keys and MODIFY Knob
The advanced settings of thE5645 / LI5650 are configured ithe operation screen.
Operation screen
Soft key Soft keys  selection keys
titles / Up/down keys key
PRI/SEG 7
é [ AUTO] (DATA MODIFY (REMOTE)
DR g \ LE”%L
— ( )| (sens) [7¢c) i (O' | (CLR |
SLOPE \ \_/// v [KEYLOCK)
‘ ] = vV LAMP OFF
= 0|0 Ew N Tl
= J|(rREF] [AUX] \
TRIG ,
{ } [S@RN] [UT}]IL]] Left/right cursor keys Modify knob
:‘ EXIT \
[SCRN]/EXIT key

Operation Screen Selection Key
Displays the operation screen for each function.
Press the key to move to the corresponding operation screen ( top page).
Soft Key
Operation key whose function changes for each operation screen.
A title indicating the function of each soft key is displayed at the right end of the
operation screen.
Left/right cursor keys
Select the digit to change (cursor digit) whe n entering a multi -digit numerical value.
The cursor does not go farther than the left or right end.
Up/Down Keys / MODIFY Knob
Both have the same function.
Change digits higher than the cursor digit when setting a numerical value.
Switch sequentially betw een options when selecting one option from multiple options.

Key

Clear the set value.

SCRN| / EXIT Key
Go to the next higher -level operation screen or return to the original measurement
screen.

Procedure:
1) Press the operation screen selectentkat includes the function you wish to set.
2) Select the soft key where the name of the function you wish to set is displayed.
3) Change the parameter using the up/down keys, MODIFY knob, etc.
4) Press th / EXIT key to return to the measunent screen.
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3.4 Overview of

the Operation Screen

Operation Screen Selection Key Function List:

Key name

Screen name

Main function

AUTO

{Auto Setting Screen}

Auto setting of the sensitivity, time constant, etc.

DATA

{Output Signal Setting
Screen}

Select the measurement parameter for DATAA.to
Specify the ratioarithmetic processingnormalize
arithmetic processingetc.

SENS

{Sensitivity Setting Screen}

Set the sensitivity and dynamic reserve

TC

{Time Constant Filter Setting
Screen}

Set the time constant, attenuation slope (SLOPE)
and synchonous filter (SYNC)

{Input Signal Selection
Screen}

Select the input connector

Select the input coupling

Select the signal ground

Set thdine filter

Select the v conversion gain for the current inp
(LI5650 only)

PHASE

{Phase Adjustment Screen}

Set hephase adjustment range

REF

{Reference Signal Setting
Screen}

Select the reference signal and polarity

Set the frequency and output amplitude of
internal oscillator

Set the harmonics (harmonic order, etc.)

Set the detection mode

@
@

AUX

{Auxiliary 1/0O Setting Screen}

Set the AUX IN smoothing
Set the AUX OUT voltage

UTIL

{ Utility Screer}

Reset the setting

Save and recall from the setting memory
Set the remote control interface

System setting (maintenance, etc.)
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3.4 Overview of the Operation Screen
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3.4.2 Operation Screen Configuration
Signal input settings / measured values Soft key title
(Same as the details measurement screen) / Soft/key
A
" N\
9 PRI/SEC
| c—
DR
=]
SLOPE
= (]
Or : | 1T DATA
S titl . —
creen e SCRN Title )
Setting, Value %
—
Current O Ssetting range
settings \
/ Shows the setting range, etc. Clear mark
Indicates that the key can be used.

Indicates that the operation using the MODIFY knob is enabled.

Soft keys are classified into the following types.

Operation Command (CMD)
Execute a particular operation. Execute auto setting, etc.
A vertical bar { |") on a key indicatethe separation of options. F®ON OFF' etc., every time
the key is pressed, ON and OFF are switched and executed.

Selection (SEL)
Select the setting item. The selected setting item can be changed by moving the cursor in the
operation screen and using the up/down keys and MODIFY knob.
A vertical bar (| ") on a key indicates the separation of options."P&l SEC' etc., every time
the key is pressed, PRI and SEC are switched and selected.

Movement to a Lower-Level Screen (MENU>)
If ">" is at the end of the soft key name, you can mowertdated lowetevel operation screen.

Clear Mark
n :Clearthe entire string that was entered.
n : When entering a mulidigit numerical valugthe digits lover than the cursor
position areset to0 .
When using| CLR | a
1.28456 wep 1.28000
/ L—
Cursor position Clear range

Note that soft keyitles CMD, SEL, andMENU> are eamples for explanation.
They differ from the titles that are actually displayed.
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3.5 Operation Tree
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3.5 Operation Tree
The following shows the operation tree for operating 645 / LI5650 from the panel.
For key and screen notations, refef3d. Panel Part Names and Operations".
*1. This symbol indicates that the tree is omitted because the-levedroperation tree is the same as
that of detection mode SINGLE.

*2. This symbol indicates that the tree is omitted because the-lewedroperation tree is the same as
that of detection mode DUALL1.

For detailsF  "3.5.2 Operation Tree in the Measurement Screen (SINGLE)"
"3.5.3 Operation Tree in the Operation Screen (DUAL1)"

"3.5.4 Operation Tree in the Operation Screen (DUAL2/CASCADE)"

3.5.1 Operation Tree in the Measurement Screen

Front Panel

—| SCRN |/ EXIT key : Select Measurement Scre@io¢mal| Large| Fine)

(Simple Operation Keys)

—c /PRI|SEC : Select Detecto(LI15650 only)

—c /DR : Sekct Dynamic Reserve

— c [/ SLOPE : Select Attenuation Slope

— c [ DATA : Sekect Output Signal

—c /TRIG : Manual Trigger (External Reference Signal)
— Up/Down Keys : Sekct Sensitivity

— Left/Right Cursor Keys : Sekct Time Constant

—[CLR]/LOCAL Key : Changeto LocalState(Panel Operation)

— Hold Down[CLR]| : Key Lock, Lamp Off, and Cancel

(Operation Screen Selection Key)

— | AUTO| : {Auto Setting Screen}

— | DATA | : {Output Signal Setting Screen}
—| SENS | : {Sensitivity Setting Screen}
—|TC| : {Time Corstant Setting Screen}
—| SIG] : {Input Signal Setting Screen}

—| PHASE | : {Phase Adjustment Screen}

—| REF | : {Reference Signal Setting Screen}
—| AUX | : {A uxiliary I/0O Setting Screen}
—[UTIL| - { Utility Screen
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3.5 Operation Tree

3.5.2 Operation Tree in the Measurement Screen (SINGLE)
The following shows the operation tree when the detection m@I&IGLE (normal single frequency)

(Operation Screen Selection Key)

AUTO | : {Auto Setting Screen}

__ [MEASURE]
[SENS]
[TIME CONST]
[PHASE]

: Simple Measurement Setting
: Auto Sensitivity Setting

: Auto Time Constant Setting

: Auto Phase Adjustment

DATA | : {Output Signal Setting Screen}

: {Basic Measurement Parameter Setting Screen}

[ [BASIC>]

— [R-d]

— [X-Y]

— [X-AUX1]

— [AUX1-AUX2]

L [NOISE-AUX1]

- [CUSTOM>]

| [DATA1]

DATA2]

DATA3]

DATA4]

OUTPUT>]

— [DATA1 ON

[DATA2 ON
[ DATA3 ON
[DATA4 ON

[
[
[
[

— [NOISE]

I — [OFFSET>]

— [AUTO once]
[X Y]

[OFFSET]

[ON OFF]

tAssignRtoDATA 1 o bBATA2d

: Assign X to DATAL and Yto DATA2

: Assign X to DATAL and AUX1to DATA2

: AssignAUX1 to DATAL and AUX2to DATA2
: AssignNOISEto DATAL andAUX1 to DATA2

: {Custom Measurement Parameter Setting Screen}

OFF]
OFF]
OFF]
OFF]

: Set Custom Measurement Parameter for DATA1
: Sé Custom Measurement Parameter for DATA2
: Set Custom Measurement ParameteifATA3

: SetCustom Measurement Parameter for DATA4
: {Output On / Off Setting Screen}

: Set Output to On or Off for DATAL
: Set Output to On or Off for DATA2
: Set Qutput to On or Off for DATA3
: Set Qutput to On or Off for DATA4

: { NoiseDensityMeasurerant Setting}
. { Offset Adjustment Screen}

: XY Offset Auto Adjustment
: XY Switching

: Offset Value Setting

: Offset On / Off Setting
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3.5 Operation Tree

YA 4
L [MATH>] : { Math SelectionScreefh
— [EXPAND>] : {Expansgon Setting Screen}
[RX] : R andX Expansion Factor Setting
[Y] .Y Expansion Factor Setting
— [ NORM>] : {Normalize Setting Screen}
L [NORMALIZE] : Select NomalizeArithmetic Expressin
— [STD>] . {Standard Value Setting Screen}
— [x10] : Move Decimal Point t&ight
— [+ 10] : Move Decimal Point th.eft
— [USER UNIT] : Use Unit Setting
— [ RATIO>] : {Ratio Setting Screen}
L [K] : Ratio ScaleFactor Setting
- {Sensitivity Setting Screen}
[SENS] : Sensitivity Setting
[DR] : Dynamic Reserve Switching
[AUTO] : Saesitivity SettingEnableor DisableSetting
: {Time Constant Filter Setting Screen}
— [FILTER] : Sdect Time Constant Filter
[TC] : Time Constant Setting
[SLOPE] . Selet¢ Attenuation Slope
[PSD ADJ>] : {PSD Input Offset Adjustment Screen}
— [AUTO once>] : {Adj ugment ConfirmatiorScreen}
|: [Exec] : Execute Aub Adjustment
[Cancel] : Cancel Auto Adjustment
— [AUTO] : Execute and HoldContinuousAuto Adjustment
L [DEFAULT] : Re®t Adjustment (Factory Default Value)
— [SETLG TIME] : S Response Time for Auto Adjustment

: {Input Snal Selection Screen}

— [SIG IN] : Select InputConnector

— [1IM 100M] : 1-V Conversion Gain Switching*¢ Input Only)
— [COUPLING] : Sdect Input Coupling

— [GROUND] : Select Signal Ground

L [LINE NOTCH>] : { Line Filter Setting Scregn

— L [LINE FREQ>] : Line Frequency Selection Screen

*3: Only the LI5650 is equipped with the input
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PHASE | : {Phase Adjustment Screen}

— [+90°R] : Phase Shift Amount 90° Increase
[-90°R] : Phase Shift Amount 90° Decrease
_— [ZERO]

: Sda Phase Shift Amount to 0°

: {Reference Signabetting Screen}

- [SOURCE] : Select Reference Signal Source
I [EDGE] : Sekct Reference Signal Waveform
L [OSC SET>] : { Osdllator Setting Screen}
—[FREQ>] : {Frequency Setting Screen}
— [x10] : Move Decimal Point t&Rightfor Frequency
— [+ 10] : Move Decimal Point tdeft for Frequency
— [AMPTD>] : {A mplitude Setting Seen}
— [AMPTD>] : Amplitude Setting
— [x10] : Move Decimal Point t&ight for Amplitude
— [+ 10] : Move Decimal Point td_eft for Amplitude
— [ RANGE] : Amplitude Range Setting
—[10MHz In>] : {External 10 MHz Setting Screen}
L_[ON OFF] : 10 MHz Enableor Disable
— [HMNC>] : {Harmonic Setting Screen}
—[ON OFF] : Harmonic On / Off
—[n] : n-order Harmonic Setting
—[m] : 1/mFractional Harmonic Setting
— [DET MODE>] : { Detedion Mode Setting Scen} (LI15650 only)
—[Exec] : Execute Detection Mode Setting
—[Cancel]

: Cancel Detection Mode Setting

: {Auxiliary 1/O Setting Screen}

— [AUX IN>] : {Auxiliary Input Setting Screen}

[IN1] : Select AUX IN1 Smoothing The Constant
[IN2] : Sekect AUX IN2 Smoothing Time Constant
— [

INPUT>] :{AUX IN Setting Screen}
__ [AUXIN1 ON OFF] :AUX IN1 On / Off

[AUXIN2 ON OFF] :AUX IN2 On / Off
: { Auxiliary Output Setting Screen}

': [OUT1] : AUX OUT1 Voltage Setting
[OUT2] : AUX OUT2 \Woltage Setting

L [AUX OUT>]

To be continued
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- {Utility Screer}
— [RESET>] : {ResetSetting Screen}
':[Exec] : Execute Reset
[Cancel ] : Cancel Reset
— [MEMORY>] : {Setting Memory Screen}
— [MEMORY>] : Select Setting Memory
— [NAME] : Change Setting Memory Name
— [RECALL>] : {Setting Memory Recall Screen}
— [Exec] : Exeaute Setting Memory Recall
L [Cancel ] : Cancel Recall
— [ SAVE>] : {Setting Memory Save Screen}
— [Exec] : Execute Setting Memory Save
— [Cancel ] . Carcel Save
— [CLEAR>] : {Setting Memory Clear Screen}
— [Exec] : Execute Setting Memory Clear Individually
—[Cancel] : Cancel Setting Memory Clear
— [INTERFACE>] : {Interface Setting Screen}
— [USB>] : {USB Information Screen}
[Exec] : Execute LEB Communication Selection
— [GPIB>] : {GPIB Setting Screen}
L [Exec] : ExecuteGPIB Communication Selection
— [RS232>] :{RS232 Setting Screen}
[BAUD RATE] : Baud Rate Setting
[FLOW CONTROL] : Flow Control Setting
[TERMINATOR] : Teminator Setting
[Exec] : Execute RS232 Communication Selection
— [LAN>] :{LAN Setting Screen}
— [Manual>] : {AddressManual Setting Screen}
— [IP ADDR] : IP Address Setting
— [MASK] : Sulnet Mask Seing
— [GATEWAY ] : Default Gateway Setting
— [DNS] : DNS Setting
L [Exec] : ExectuteLAN Communication Selection
— [Auto>] : { AddressAuto Setting Screen}
L [Exec] : ExectuteLAN Communication Selection
— [Reset>] {LAN Reset Screén
': [Exec] Execute LAN Setting Reset
[Cancel] Cancel Execution
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L— [SYSTEM>] : {System Setting Screen}
— [VERSION>] : {Version Information Screen}
— [SELF TEST>] : {Self-Diagnosis Screen}
[Exec] : Execute SelfDiagnosis
[Cancel] : Carcel SelfDiagnosis
— [SERVICE>] : {Maintenane Information Screen}
L— [INIT>] : {Initi alize Execution Screen}
[Exec] : Execute Initialize
[Cancel] : Cancel Initialize
(Other Operations)
Front Panel
MODIFY Knob

Select the parameter or change the numerical value higher than the cursor digit (digit on which
the cursor is placed)
Up/down keys
Same as the MODIFY knob
Left/right cursor keys
Move the cursor to enter a middtigit numerical value
CLR
Clear a numerical value, string, etc.

[SCRN]|/EXIT

Move to a higher level setting screen or return to the original measurement screen
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3.5.3 Operation Tree in the Operation Screen (DUAL1)
The following shows the operation tredien the detection mode is DUALL (fractional harmonic mode)
(LI5650 only)

(Operation Screen Selection Key)

AUTO | : {A uto Setting Screen}

| [MEASURE] : Simple Measurement Setting

L [SENS] : Auto Sensitivity Setting

L [TC] : Auto Time nstant Setting

| [PHASE PRI] : PrimaryPSDAuto Phase Adjustment
__[PHASE SEC] : SeondaryPSDAuto Phase Adjustment

DATA | : {Output Signal Setting Screen}

L [BASIC>] : {Basic Measurement Parameter Setting Screen}
— [Rp-d g :AssignRptoD AT A1  acDATAH p
— [Rp-Rs] : AssignRpto DATA1 and Rsto DATA2
— [ Xp-Xs] : AssignXp to DATAL and Xsto DATA2
— [ Xp-AUX1] : AssignXp to DATAL and AUX1to DATA2
— [NOISE-AUX1] : AssignNOISEto DATAL and AUX1 to DATA2
— [CUSTOM>] : {Custom Measurement Parameter Setting Screen}
— [DATAL] : Sé Custom Measurement Parameter for DATAL
— [DATA2] : Set Cistom Measurement Parameter for DATA2
— [DATA3] : Set Cutom Measurement Parameter DATAS3
— [DATA4 ] : SetCustom Measurement Parameter for DATA4
— [OUTPUT>] : {Output On or Off Setting Screen}
— [DATAL1 ON OFF] : Set Qutput to On or Off for DATAL
[DATA2 ON OFF] : SetOutput to On or Off for DATA2
[DATA3 ON OFF] : Set Ouput to On or Off for DATA3
[DATA4 ON OFF] : Sd Output to On or Off for DATA4
— [NOISE] : NOISE Density Measuremersetting
— [OFFSET>] : {Off set Adjustment Screen}
— [PRI SEC] : PD Switching
— [AUTO once] : XY Offset Auto Adjustment
— [X Y] : XY Switching
— [OFFSET] : Offset Valie Setting
— [ON OFF] : Offset On / Off Setting
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L [MATH>] : { Math Selection Screen}
— [EXPAND>] : {Expansion Setting Screen}
— [PRI SEC] : PSDSwitching
— [RX] : R and X Expansion Factor Setting
— Y] .Y Expansiam Factor Setting
— [ NORM>] :{Normalize Setting Seen}
— [NORMALIZE] : Sekct NormalizéArithmetic Expression
L [STD>] : {Standard Value Settirjg
': [x10] : Move Decimal Point téright
[+ 10] : Move Decimal Point th.eft
‘—[USER UNIT] : Usa Unit Setting
— [ RATIO>] : {Ratio Setting Screen}
[RATIO] . Sele¢ RatioArithmetic Expression
[K] : Ratio Scale Factor Setting
- {Sensitivity Setting Screen}
— [PRI SEC] : PSDSwitching
— [SENS] . Sensitivity Setting
— [DR] : Dynamic Reserve Switching
L [AUTO] : Sensitivty Auto SettingEnableor Disable
: {Time Constant Filter Setting Screen}
— [PRI SEC] : PD Switching
— [FILTER] : Sekect Time Constant Filter
— [TC] : Time Constant Setting
—— [SLOPE] : SelectAttenuation Slope
_ [PSD ADJ>] : {PSD Input Offset Adjustment Screen}
— [AUTO once>] : {Adjustment Confirmation Scren}
[Exec] : ExecuteAuto Adjustment
[Cancel] : Cancel Auto Adjustment
— [AUTO] : Execute and Hol€ontinuousAuto Adjustment
— [DEFAULT] : Re®t Adjustment (Factory Default Value)
L [SETLG TIME] : SetResponse Time for Auto Adjustment

- {Input Signal Selection Screef}
PHASE | : {Phase Adjustment Screen}

[PRI SEC] : PSDSwitching

[+90°R] : Phase Sffii Amount 90° Increase
[-90°R] : Phase Bift Amount 90° Decrease
[ZERO] : Set Phasel#ft Amount to 0°
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: {ReferenceSignal Setting Screen}
_— [SOURCE] : Select Réerence Signal Source
— [EDGE] . SelectReference Signal Waveform
— [OSC SET>] : {Oscillator Setting Screen}
— [FREQ>] : {Primary PSDFrequency Setting Screen}
[x10] : Move Decimal Point toRight for Frequency
[+10] : Move Decimal Point td_eft for Frequency
— [AMPTD>] : {Amplitude Setting Screen}
[AMPTD>] : Amplitude Setting
[x10] : Move Decimal Point tdRight for Amplitude
[+ 10] : Move Decimal Point td_eft for Amplitude
[ RANGE] : Amplitude Range Setting
L— [10MHZz In>] : {External 10 MHz Setting Screen}
L_[oN OFF] . 10 MHz Enable/ Disable
— [HMNC>] : {Harmonic Setting Screen}
— [PRIHMNC ON OFF] : PrimaryPSDHarmonic On / Off
— [PRIN] : N-orde Harmonic Setting (PrimarySD
— [PRIm] : 1/m Factional Harmonic Setting (PrimaRSD
— [SEC HMNC ON OFF] :SecomdaryPSDHarmonic On / Off
—[SEC n] : N-order Harmonic SettinfSecondarfPSD
L— [DET MODE>] : {DetectionMode Setting Screen}
—[Exec] : ExecuteDetection Mode Setting
L—[Cancel] : Cancel Detectin Mode Setting

: {Auxiliary 1/O Setting Screeri}*

UTIL | : {Utility Screer}**

(Other Operatios)
Front Panei!
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3.5.4 Operation Tree in the Operation Screen (DUAL2/CASCADE)
The following shows the operation tree when the detection mode is DUAL2 (independent frequency mode)
and CASCADE (cascade mod@)I5650 only)

(Operation Screen Selection Keys)

: {Auto Setting Screer¥

: {Output Signal Setting Screeff}

: {Sensitivity Setting Screeri}

: {Time Constant Filter Setting Screéf}
: {Input Signal Selection Scre€f}

: {Phase Adjustment Screeff}

: {Reference Signal Setting Screen}

— [SOURCE] . Select Reference Signal Source
— [EDGE] : Select Reference Signal Waveform
I [OSC SET>] : {Oscillator Setting Screen}
— [PRI FREQ>] : {Primary PSDFrequency Setting Screen}
—[x10] : Move Decimal Point tdRight for Frequency
L[+ 10] : Move Decinal Point toLeft for Frequency
— [SEC FREQ>] : {SecondaryPSDFrequency Setting Screen}
—[x10] : Move Decimal Point tdRight for Frequency
L—[+ 10] : Move Decimal Point theft for Frequency
— [AMPTD>] : {Amplitude Setting Screen}
[AMPTD>] : Amplitude Setting
[x10] : Move Decimal Point té&Right for Amplitude
[+ 10] : Move Decimal Point theft for Amplitude
[ RANGE] : Amplitude Range Setting
— [SEL CH>] : {OSC Output Oscillator Selection Screen}
— [10MHz In>] : {External 10 MHz Setting Screen}
L_[oN OFF] : 10 MHz Enable/ Disable
L [DET MODE>] : { Detection Mode Setting Screen}
':[Exec] : Execute Detection Mode Setting
[Cancel ] : Cancel Detection Mode Setting

3-30 L15645 / L15650



3.6 Operation Screen Reference

: {Auxiliary I/O Setting Screeri}
UTIL | : {Utility Screer}**

(Other Operations)
Front Panel*

3.6 Operation Screen Reference
The following shows each operatiscreen.

+0.000mV

+0.000mV¥
+0.000mV

Sensitivity

LOW HOLD

O 10nv to 1V
e Single Frequency Measurement; Detector display

Detector switching soft key

Detector display

+0.00000 V
' (=) +0.00000 V
JATESE Y 3 g +0-00000 V
Sensitivity - Sensitivity -
LOW LON  HOLD e
O 1o o 1V e O 100V 10 1V
s Dual Frequency Measurement_PRI-; s Dual Frequency Measurement_SEC;
Detector icon Detector icon

y Soft Key Displayed for the Frequency Constant Setting (LI5650 only)

[PRI| SEC]
This soft key is not displayed when the detection mode is SINGLE, but is displayed
when the detection mode is DUAL1, DUALZ2, or CASCADE.
If the operation screen is |SENS], |TC|, or [PHASE| and the TOP menu is displayed,
the PSD to be set can be switched to PRI ( Primary P SD) or SEC (Secondary PSD).
You can identify which PSD is selected by the PSD icon ("PRI" or "SEC") on the setting
screen.
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3.6.1 |AUTO|: {Auto Setting Screen}

When you enter this screen, it switches to the auto setting screen.
*1: Only the LI5650 is equipped withdual frequency measurement (detection mode is DUALL,
DUAL2, or CASCADE).
{Auto Setting Screen}

+0.00000 V

MEASURE

MEASLRE

o Y +0.00000 V
Auto Set (once)

s Single Frequency Measuremgent ¢ Dual Frequency Measurement®

[MEASURE] : Simple Measurement Setting
Execute the simple measurement setting.
Execute the auto setting in order of TIME CONST &
For the dual frequency measurement **, t he setting is executed in ol
PHASE PRI.
[SENS] : Auto Sensitivity Setting
Execute the auto sensitivity setting.  For details, F "4.7 Sensitivity and Dynamic Reserve
Setting”
Adjust the sensitivity (SENS) and dynamic reserve (DR) according to the magnitude of
the signal and noise.
The dynamic reserve setting is shared by the primary and secondary ~ PSDs in the dual
frequency measurement.
[TIME CONST] : Auto Time Constant Setting
Execute the auto time constant filter setting. For details, F "4.6 Time Constant Filter
Setting and Characteristics"
Set the time constant (TC) and attenuation slope (SLOPE) accordi ng to the frequency of
the reference signal.
If the synchronous filter function (SYNC: integer period moving average filter) is set to
On, it is canceled.
[PHASE] : Auto Phase Adjustment
For dual frequency measurement **, the key name is [PHASE PRI].
Execute the auto phase adjustment. For details, F "4.8 Phase Adjustment"
Set the phase shift amount for the reference sig
output become zero.
[PHASE SEC] : Auto Phase Adjustment
For single frequency measurement, this soft key is not displayed.
For dual frequency measurement *!, auto phase adjustment of the secondary PSD is
executed.
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Operation Message
When the auto setting is completed, "Done" is displayed for a short time and then the
screen returns to the measurement screen.
When the process is interrupted (canceled), "Canceled" is displayed.
When the following operations is performed , Simple measurement setting and
sensitivity setting, It will be forcibly can celed.
1 When the offset value is changed using the key and [OFFSET>] soft key.
1 When the arithmetic processing function is changed using the key and
[MATH>] soft key.
When a change is made to the time constant filter settings using the key.
When a change is made to the input connector settings using the key.
When the phase shift amount is changed using the key.
When a change is made to the reference signal settings using the key.
When the sensitivity or dynamic reser ve is changed from the measurement screen or
operation screen.

= A 4 A -

Error Message
If the auto setting fails, "Error " and an error message are displayed.
"Error No.-206 Auto-once failed duo to unlock"
The auto setting failed because the signal is not synchroniz ed with the reference
signal (REF IN, SIGNAL).

3-33 L15645 / L15650



3.6 Operation Screen Reference
1 VA A 4

3.6.2 | DATA | : {Output Signal Setting Screen}

When you enter this setting screen, you can set the measurement parameters for DATAL to DATAA4.
*1: Only the LI5650 is equipped withdual frequency measurement (detection mode is DUALL,
DUAL2, or CASCADE).

[BASIC>] : {Basic Measurement Parameter Setting Screen}
Pressing this soft key switches the soft key display to a frequently used combination of
measurement parameters (refer to the figure below). When the switched soft key is
executed, values are set in DATAL1 an d DATAZ2 at one time. DATA3 and DATA4 are not
changed.
Combinations of basic measurement parameters are shown in the tables below.
For example, if [X-Y] is executed in single frequency measurement, measurement
parameters X andY are setin DATAL and DATA 2, respectively.

{Output Signal Setting Screen} {Basic Measurema Parameter Setting Screen}

+0.00000 V

+0.00000 V

+0.00000 V

DATAZ DATA3 DATA4

s Single Frequency ¢ Dual Frequency

Measurement Measurement **
s Combinations for Single Frequency Measurement
Soft key Measurement parameter
DATA1 DATA2 DATA3 DATA4
[R d] R d No Change | No Change
[X Y] X Y No Change No Change
[X AUX1] X AUX1 No Change | No Change
[AUX1 AUX2] AUX1 AUX2 No Change | No Change
[NOISE AUX1] NOISE AUX1 No Change | No Change
¢ Combinations for Dual Frequency Measuremefit
Soft key Measurement parameter
DATA1 DATA2 DATA3 DATA4
[Rp d g Rp dp No Change | No Change
[Rp Rs] Rp Rs No Change | No Change
[Xp Xs] Xp Xs No Change | No Change
[Xp AUX1] Xp AUX1 No Change | No Change
[NOISE AUX1] NOISE AUX1 No Change | No Change

Measurement parameter symbols

Xpn

T— Harmonic On /Off Whenn is displayed, the harmonic function is On

PSD p indicates the primafySD, and s indicates the secondBR$D

(displayed only for dual frequency measurerfignt

Measurement parameteR; d, X, andY
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[CUSTOM>] : {Custom Measurement Parameter Setting Screen}
Pressing this soft key switches the soft key from DATAL to DATAA4.
An individual parameter can be set in each DATA.

Parameters that can be set individually are shown in the tables below.

{Custom Measurement Paramete

{Output Signal Setting Screen} Setting Screen}

+0.00000 V

+0.00000 V
+0.00000 V

ata Out
R e X Y

DATAT DATAZ DATA3 DATA4

QUTPUT>

s Measurement Parametdes Single Fregency Measurement

Soft key Measurement parameter
[DATAL] X R AUX1 NOISE
[DATA2] Y d AUX1 AUX2
[DATA3] X R
[DATAA4] Y d

¢ Measurement Parameters for Dual Frequency Measurerfient

Soft key Measurement parameter
[DATA1] Xp Rp Yp dpXs Rs AUX1 NOISE
[DATA2] Yo dpXs Rs Ys dsAUX1 AUX2
[DATAS] Xp Rp Yp dpXs Rs
[DATA4] Yp dpXs Rs Ys ds
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[OUTPUT>] : {Output On / Off Setting Screen}
Pressing this soft key switches the voltage output for DATAL to DATA4 individually to
ON (enable) and OFF (disable).

{Custom Measurement Parameter Setting Scree¢ {Output On / Off Setting Screen}

+0.00000 V

+0.00000 ¥
10 +0.00000 ¥
DATA > Custom

O KR | AU [NOIS

A Y

+0.00000 V

R : D
> CUSTOM > Output
ON ON ON ON

DATA1 DATAZ DATAS DATA4

Y QUTPUT

y Stopping the DATA OUT Output Connector
If Output ON / OFF is set to OFF (disable), the DATA OUT output is stopped (about 0 V) while the
measured value on the screen remains unchanged. The clock for the internal D/A caiopsiss s
noise (disturbance) is reduced and very small signal measurement is more immune to disturbance.

[NOISE] : NOISE Density Measurement Setting
When NOISE is selected for the measurement parameter, this soft key is displayed.
This soft key allows y ou to set the noise smoothing factor. The setting range is {1 4 16
64}. The larger the factor, the smaller the fluctuation of the measured value (which is
proportional to the smoothing factor), but it will take some time for the value to become
stabilized.

{Output Signal Setting Screen}

AUX1 X

0T | M4 | N1E | Ngd
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[ OFFSET> ] : {Offset Adjustment Screen}
Pressing this soft key switches to {Offset Adjustment Screen}.
When you enter this setting screen, you can move through the digits using the left/right cursor keys and
then set the offset value using the MODIFY knob and up/down keys.
The offset value can be set in dividually for measurement parameters X and Y for each
PSD.

{Output Signal Setting Screen} {Offset Adjustment Screen}

Data Out
R e X

DATAT DATAZ DATAS DATA4

s Single Frequency s Dual Frequency
Measurement Measurement **
[ PRI SEC ] : Detector Switching (LI5650 only)

For single frequency measurement, this soft key is not displayed.
For dual frequency measurement, the offset value can be set individually for
measurement parameters X and Y for each detector.
[AUTO once ] : XY Offset Auto Adjustment
The offset is automatically adjusted once to set both measurement parameters X and Y
to zero.
When the offset auto adjustment is executed, the offset ON / OFF  setting is set to ON.
[ X Y]:XY Switching
Measurement parameters X and Y for setting the offset are switched.
[OFFSET] : Offset Value Setting
The cursor moves and the offset value can be set.
The setting ra nge is {-105.000% to +105.000%}
[ON OFF]: Offset ON / OFF Setting
The offset setting for measurement parameters X and Y is individually switched
between ON (enable) and OFF (disable) .
Operation Message
When the auto adjustment is completed successfully, "Done" is displayed after the
offset adjustment value for a short tim e.
Error Message
If the auto setting fails, "Error " and an error message are displayed.
"Error No.-206 Auto-once failed duo to unlock"
The auto adjustment failed because the signal is not synchronized with the
reference signal (REF IN, SIGNAL).
"Error No.-207 X,Y out of range"
The auto adjustment failed because the X and Y measured values are outside the
adjustment range.
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[MATH>] : {Math Selection Screen}
Pressing this soft key al lows you to select from the arithmetic processing functions {OFF
EXPAND NORMALIZE RATIO} for measurement parameters X, Y, and R.

{Output Signal Setting Screen} {Math Selection Screen}

+0.00000 V

o Y Y +0.00000 V
DatRa Out

DATA1 DATAZ DATA3 DATA4

: v +0.00000 V
DATA > Math

() OFF [EXPAND | NORM | RATIC
s OFF~

+0.00000 V

+0.00000 V
+0.00000 V

DATA > Math
EXPAND

(® CFF | EXPAND | NORM | RATIO

The soft key for eaclrithmetic
processing function is switched using
the up/down keys or MODIFY knob. s EXPAND -

+0.000%

R v +0.00000 V
DATA > Math

(® OFF | EXPAND | NORM | RATIO

s NORMALIZE -

+0.00000 RATIO

+0.00000 RATIO
+0.00000 RATIO

DATA > Math
RATIO

() OFF [EXPAND | NORM | RATIC
s RATIO
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During each arithmetic functiohyhen you press the [MEASUREDft key or the [SENS] soft key of
the | AUTO | key {Auto Setting Screen} or the [AUTQ] soft key of theSENS | key {Sensitivity

Setting Screen}, the arithmetic processing function is canceled.

[EXPAND>] : {Expansion Setting Screen}
When EXPAND is selec ted for the arithmetic processing function, the screen is
switched to {Expansion Setting Screen}.
A common expansion scale can be set for X and R, and an individual expansion scale
can be set for Y.
Disabling EXPAND is equivalent to expansion factor 1.

{Expansion Setting Screen}

RX:
&K |10I\]mo

s Single Frequency Measurement ¢ Dual Frequency Measurement!

Y:1

[PRI'| SEC] : Detector Switching (LI5650 only)
For single frequency measurement, this soft key is not displayed.
For dual frequency measurement, an expansion factor can be setualiijvidr measurement
parameters R, X, and Y for each detector.
[RX] : R and X Expansion Factor Setting
Factors {1 10 100} can be set for measurement parameters R and X.
[Y]:Y Expand Setting
Factors {1 10 100} can be set for measurement parameter Y.
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[NORMALIZE >] : {Normalize Setting Screen}
When NO RMALIZE is selected for the arithmetic processing function, the screen is
switched to {Normalize Setting Screen}.
A normalize arithmetic processing is performed for the measured value for the
primary PSD measurement parameter X or R set for DATAL, and the result is
displayed and output for DATAL.

{Normalize Setting Screen}

OR
> MATH > Normalize

% . v
ol |%Fs! 00000

[NORMALIZE] : Select Normalize Arithmetic Expression
Normalizearithmeticexpression can be selected from {9dB %FS}

n % : (Measured vale + standarglalue) x 100 [%0]
n dB : 20 x logo ([Measured value + standard value|) [dB]
N %FS : (Measured value + sensitivity setting) x 100 [%FS]

[STD>]: {Standard Value Setting Screen}
Pressing this soft key switches to {Standard Value Setting Screen}, whereayo set the
standard value by moving the cursor.
The setting range of the standard value is {1 nV to 10 V for voltage measurement and 1 fAto 1
e A for cur r e(®digit nesolation).r e me nt
[x10] : Move Decimal Point to Right
You can move the dénal point n the standard value to thght.
[+10] : Move Decimal Point to Left
You can move the decimal pointtime standard value to theft.
[USER UNIT] : User Unit Setting
Pressing this soft key allows you to set the user unit string by mthengursor.
Up to 3 characters can be selected frddtepk, Ato Z, atoz, 0to 9, #, @~} and specified
for the user unit string to be added after the numerical value. (ExdidgE!)
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[RATIO >] : {Ratio Setting Screen}

When RATIO is selected for the arithmetic processing function, the screen is switched
to {Ratio Setting Screen}.

A ratio arithmetic processing is performed using the measured value of primary PSD
measurement parameter Xp, Yp, or Rp as the numerator and the measured value of
auxiliary input AUX IN1 or secondary @ PSD measurement parameter Xs as the
denominator.

The ratio can be displayed and output by selecting the primary PSD measurement
parameter Xp, Yp, or Rp for DATA in the state of execution of the ratio arithmetic
processing.

When you enter this setting screen, you can move through the digits using the
left/right cursor keys and then set the ratio scale using the MODIFY knob and
up/down keys.

{Ratio Setting Screen

+0.00000

+0.00000
+0.00000

>MATH > Ratio
RATIO1 [1-:00000

Golto10

s Single Frequency Measurement ¢ Dual Frequenc/easurement **

[RATIO] : Select Ratio Arithmetic Processing Function (LI5650 only)
You can select the ratarithmeticexpression from {RATIO1 RATIO2}.
However, RATIO2 can be displayed and selected arilgn the detection mode is DUALL or
DUAL2.

RATIQ Contents of arithmetiexpression Detection
selection mode
SINGLE

Kx primary PSD Xp Yp Rp +AUXIN1 [%FS] DUAL1 **

RATIO1 DUAL2 **

Kx secondary PSDXs Ys Rs +AUXIN1 [%FS] | CASCADE*
*1
RATIO2 Kx primary PSD Xp Yp Rp +secondary PSBs [%FS] 8825 1

[K]: Ratio Scale Factor Setting
Pressing this soft key allows you to set the ratio scale by moving the cursor.
The setting range of the ratio scale is {0.1 to 2@i¢fit resolution)}.

3-41 L15645 / L15650



3.6 Operation Screen Reference
1 VA A 4

3.6.3 |[SENS|: {Sensitivity Setting Screen}
When you enter this setting screen, you can adjust SENS (sensitivity) using the MODIFY knob and
up/down keys.

*1: Only the LI5650 is equipped withdual frequency measurement (detection mode is DUALL,
DUAL2, or CASCADE).

{Sensitivity Setting Screen}

Sensitivity

LOW HOLD
@ 10V to 1Y
s Single Frequency Measurement ¢ Dual Frequency Measurement*

[ PRI | SEC]: PSD Swiching (LI5650 only)
For single frequency measurement, this soft key is not displayed.
For dual frequency measurement, the sensitivity can be set indiv  idually for the primary
and secondary PSDs.

[SENS] : Sensitivity Setting
The sensitivity can be set.

[DR]: Dynamic Reserve
The dynamic reserve can be selected from {LOW MED HIGH}.

[AUTO] : Sensitivity Auto Setting
You can select whether to continuou sly automatically adjust or hold the sensitivity and
dynamic reserve by selecting {AUTO  HOLD} according to the magnitude of the signal
and noise.
If you press the [MEASURE] soft key or [SENS] soft key of the key {Auto Setting
Screen} during the cont inuous automatically adjustment, the continuous automatically
adjustment will be canceled.
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3.6.4 : {Time Constant Filter Setting Screen}

When you enter thisetting screen, you cartTC (time constant) using the MODIFY knob and up/down
keys.

*1: Onlythe LI5650 is equipped witldual frequency measurement (detection mode is DUALL, DUALZ2,
or CASCADE).

{Time Constant Filter Setting Screen

FILTER

T
+0.00000 V

Time Constant

IR 2448

® 115 1o B0ks

s Single Frequency Measurement ¢ Dual Frequency Measurement*

[ PRI| SEC]: PSD Swiching (LI5650 only)
For single frequency measurement, t his soft key is not displayed.
For dual frequency measurement, the time constant filter can be set individually for the
primary and secondary PSDs.
[FILTER] : Select Filter
The filter after the PSD can be selected from {TC SYNC}.
n TC :Time constantfil ter only
N SYNC : Synchronous filter + time constant filter
[TC] : Time Constant Setting
The time constantcan be setto{ 5T s t o 526 sdquencé)ll
[SLOPE ] : Attenuation Slope Setting
The attenuation slope can be setto {6 dB 12dB 18dB 24 dB}.
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[PSD ADJ>]: {PSD Input Offset Adjustment Screen}

Pressing this soft key switches to {PSD Input Offset Adjustment Screen} to cancel the
input offset for PSD (phase sensitive detector).
For details, F "5.7 PSD Input Offset Adjustment"

{PS Input Offset Adjustment Scree
+0.00000 V

{Adjustment Confirmation Screen}

+0.00000 V

+0.00000 ¥ DEFAULT
g 1Y +0.00000 V

TC > PSD Adj SETLG TIME
HOLD

) 200ms | 750ms | 3000ms

W v v +0.00000 V

> PSD ADJ > Auto Once
input signal ...zero

setting is fixed

[AUTO once>]: {Adjustment Confirmation Screen}
Automatically adjusts the PSD input offset only once.
Pressing this soft key switches to {Adjustm ent Confirmation Screen}.
[Exec] : Execute Auto Adjustment
Executes the adjustment.
After the adjustment is completed, HOLD is set.
[Cancel] : Cancel Auto Adjustment
Returns to the PSD adjustment screen without executing the adjustment.
[AUTO] : Execute and Hold Continuous Auto Adjustment
{AUTO HOLD} can be set for the continuous auto PSD input offset adjustment.
If HOLD is set, the last PSD input offset adjustment value is applied.
If AUTO is set, the PSD input offsetis  continuous automatically adj usted.
[DEFAULT]: Reset Adjustment (Factory Default Value)
Resets the PSD adjustment value (to the factory default value).
[ SETLG TIME ] : Set Response Time for Continuous Auto Adjustment

The time constant for the continuous auto PSD input offset adjust ment can be selected
from {200 ms 750 ms 3000 ms}.

3-44 L15645 / L15650



3.6 Operation Screen Reference

3.6.5 [ SIG |: {Input Signal Selection Screen}

When you enter this setting screen, you can select the input connector using the MODIFY knob and
up/down keys.

*1: Only theLI5650 is equipped with theputl.

{Input Signal Selection Screen}

+0.00000 V

SIGIN

18 | 100M

+0.00000 V
+0.00000 V

Tad Y

Signal In

A AC GND
O&alabl

s A/A-B Input 6 |Input; **
[SIG IN]: Select Input Signal
Pressing this soft key allows you to select the input connector from {A A-B | ™1

Furthermore, the soft key for a parameter that can be set is displayed according to the
selected input.
[1M | 100M ] : Current to Voltage Conversion Gain Switching (LI5650 only)
Displayed only when the | **input is selected.
The current to voltage conversion factor can be selected from {1M
[ COUPLING ] : Input Coupling Selection
The input coupling can be selected from {AC DC}. How ever, only the current to voltage
conversion coupling is available for the

100M}.

I** input.

Input
connector
Conversion
factor
Input
resistance

A A B |*

11 1M (109) 100M (10%)

10Mq 1717 1171

COUPLING

AC DC

Sensitivity
range

10nVtolV

100fAto1eA

10fA to 10nA

Frequency

range

1 nmHz to 250 KHz

For detailsF "4.5 Input Connector Setting and Connection"
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1 VA A 4
[ GROUND ]: Select Signal Ground
The signal ground processing can be selected from {FLOAT = GND}.
N FLOAT :Float from the enclosure (impedance to t

N GND : Grounded to the enclosure (impedance to the enclosure 10 N)

[LINE NOTCH>]: {Line Filter Setting Screen}
Pressing this soft key switches to { Line Filter Setting Screen}.

{Line Filter Setting Screen}

+0.00000 V

+0.00000 V
+0.00000 V

SIG > Line Notch
THRU

@ THRU | 50Hz | 100Hz | 50Hz&100Hz

LINE FREQ>

The line filter function (removal frequency) can be selected.
N When line frequency is 50 Hz : {THRU 50Hz 100Hz 50Hz 100HZz}
N When line frequency is 60 Hz : {THRU 60Hz 120Hz 60Hz 120Hz}

[LINE FREQ>]: {Line Frequency Selection Screen}
Pressing this soft key switches to { Line Frequency Selection Screen}.

{Line Frequency Selection Screen}

+0.00000 V

+0.00000 V
+0.00000 V

>NOTGH > Line Freq

(® 50Hz | BOHz

The line frequency (fundamental) can be selected from {50 Hz 60Hz}.

3-46 L15645 / L15650



3.6 Operation Screen Reference

3.6.6 | PHASE | : {Phase Adjustment Screen}

When you enter this setting screen, you can move through the digits using the left/right cursor keys and
then adjust the phase shift amount for the reference signal using the MODIFY knob and up/down keys.
The setting range is180.000° to +179.999?}
If the phase shift amotexceeds +179.999°,wrapsto -180.000, and if it fdls below-180.000°, itwraps
to +179.999.
*1: Only the LI5650 is equipped withdual frequency measurement (detection mode is DUALL,
DUAL2, or CASCADE).

{Phase Adjustment Screen}

+0.00000 V

i % ¥ +0.00000 V
Phase Shift

+1.000°
O+f—18gg
s Single Frequency Measurement ¢ Dual Frequency Measurement!

[ PRI | SEC]: PSD Switching (LI5650 only)
For single frequency measurement, this soft key is not displayed.
For dual frequency measurement, the phase shift amount can be set individually f or the
primary and secondary PSDs.

[ +90°R ] : Shift Amount 90° Increase

o

Press this soft key to increase the phase shift amount for the reference signal by 90
[ -90°R ] : Shift Amount 90° Decrease

Press this soft key to decrease the phase shift amount fo r the reference signal by 90°.
[ ZERO ] : Set Shift Amount to 0°

Press this soft key to set the phase shift amount for the reference signal to 0
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3.6.7 : {Reference Signal Setting Screen}
When you enter this setting screen, you can select SOURCE using the MODIFY knob and up/down keys.
*1: Only the LI5650 is equipped withdual frequency measurement (detection mode is DUALL,
DUAL2, or CASCADE).

{Reference Signal Setting Screen]

Reference

M= SIN+

DET MODE>
O REF IN | INT OSC | SIGNAL

[SOURCE ] : Select Reference Signal Source
The reference signal can be selected from {REF IN  INT OSC SIGNAL}.
n REFIN : External reference signal ( REF IN connector)
N INT OSC : Internal oscillator
N SIGNAL : Measurement signal (for input connector A , etc.)
[EDGE] : Select Reference Signal Waveform
Displayed only when REF IN is selected.
The waveform of the external reference signal can be selected from {SIN+ TTL+ TTL -}

N SIN+ : Rise zero cross point of the sine wave, etc.
n TTL+ : Rise edge of the TTL level square wave
n TTL- : Fall edge of the TTL level square wave

[OSC SET>] : {Oscillator Setting Screen}
Pressing this soft key switches to {Oscillator Setting Screen} to set the internal oscillator
and sine wave output ( OSC OUT).

{Oscillator Setting Screen}

+0.00000 V

] +0.00000 V[ uems
. +0.00000 V
REF > 0SC SET

ANPTDS

SEL CH>

10MHz In>

10MHz In>

¢ Detection Mode SINGLE / DUALT, ¢ Detection Mode DUAL2 / CASCADE,
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[FREQ>]: {Frequency Setting Screen}
Pressing this soft key switches to {Frequency Setting Screen } for the internal
oscillation frequency (primary PSD).
When you enter this setting sc reen, you can move through the digits using the
left/right cursor keys and then set the frequency using the MODIFY knob and
up/down keys.
This soft key is displayed when INT OSC or SIGNAL is selected as the reference
signal.
Also, When the detection mode i s DUAL2 ** and the reference signal is INT OSC or
SIGNAL, when the detection mode is CASCADE **, this soft key is displayed as [PRI
FREQ>].

{Frequency Setting Screen}

+0.00000 V

+0.00000 V
v +0.00000 V
> 05C SET > Freq

[1-00000kHz
® 05rHz to 260kHz

The frequency for the internal oscillator can be set.  The setting r ange is 0.5 mHz to
260 kHz (6-digit resolution, 0.1 mHz for 100 Hz or less).
FREQp is displayed in the normal measurement screen an d Fp is displayed in the fine
measurement screen.
[%10] : Move Decimal Point to Right for Frequency

You can move the decimal point imet frequency setting theright.
[+10] : Move Decimal Point to Left for Frequency

You can move the decimal point iretfrequency setting to theft.

[ SEC FREQ> ] : {Secondary Frequency Setting Screen}**
The setting screen for the internal oscillation frequency (secondary  PSD) is displayed.
When the detection mode is DUALZ2, this soft key is displayed when the detection
mode is CASCADE and the reference signal is INT OSC.

The frequency for the internal oscillator can be set.  The setting range is 0.5 mHz to
260 kHz (6 -digit resolution, 0.1 mHz for 100 Hz or less) .

FREQp is displayed in the normal measurement screen and F p is displayed in the fine
measurement screen.
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[%10] : Move Decimal Point to Right for Frequency

You can move the decimal point imet frequency setting theright.
[+10] : Move Decimal Point to Left for Frequency

You can move the decimal point iretfrequency setting to theft.

[AMPTD>] : {Amplitude Setting Screen}
{Amplitude Setting Screen} for the sine wave output (OSC OUT) is displayed.
When you enter this setting screen, you can move through the digits using the
left/right cursor keys and then set the amplitude value using the MODIFY knob and
up/down keys.

{Amplitude Setting Screen}

+0.0000nV

>0
+0.0000nV "

+0.0000nV

> 0SC SET > Amptd
0.000 V @1v

@ omv o1V

RANGE

[AMPTD] : Amplitude Setting

The amplitude value can be set.
[x10] : Move Decimal Point to Right for Amplitude Value

You can move the decimal point for the ditopple setting value to theght.
[+10] : Move Decimal Point to Left for Amplitude Value

You can move the decimal point for the amplitgdéing value to thieft.
[RANGE] : Amplitude Range Setting

The amplitude range for the sine wave output can be set.

Range 10mV 100mV 1V
Amplitude 0to 10.00mVrms| 0to 10.00mVrms| 0 to 1.000Vrms
range
Resolution 0.01 mVrms 0.1 mVrms 0.001 Vrms

y Setting the Amplitude Value to 0 Vr ms
If the amplitude value is set to 0 Vrms using the MODIFY knob and up/down tkeyslock for
the sine wave source D/A converter is stopped.
Noise in the device is reduced so very small signal measurement is maredrtordisturbance.

[SEL CH>] : {OSC Output Oscillator Selection Screen}*
Displayed when DUAL2 / CASCADE is selected for the detection mode.
The internal oscillator {PRI SEC} to output the sine wave can be selected.
n PRI : Outputs the FREQp frequency of the oscillator in the primary  PSD.
N SEC :Outputs the FREQs frequency of the oscillator in the secondary  PSD.

3-50 L15645 / L15650



3.6 Operation Screen Reference

[ 10MHz IN>] : {External 10 MHz Setting Screen}
{ON OFF} for 10MHz IN on the rear panel can be selected.
A signal generator and other devic es and the LI5645 / LI5650 can be synchronized with
the common 10 MHz frequency source. For details, F "5.4 External 10 MHz
Synchronization”

[ HMNC> ] : {Harmonic Setting Screen}
Displayed when SINGLE / DUAL1 *'is selected for the detection mode.
Pressing this soft key switches to {Harmonic Setting Screen}.
When you enter this setting screen, you can set ON or OFF for the setting (primary PSD)
using the MODIFY knob and up/down keys.

{Harmonic Setting Screen}

+0.00000 Vv ON | OFF

n

+0.00000 V

+0.00000 V

REF > Harmonics
OFF @/ 1 (nF/m)

1toB3

s SINGLE s DUAL1,;

[ ON | OFF ] : Harmonic ON / OFF
{ON OFF} can be selected for the harmonic setting (primary  PSD).
If DUAL1 *'is selected for the detection mode, [ PRI HMNC ON OFF] is displayed.
[n]: n-order Harmonic Setting
An n-fold harmonic {n: 1 to 63} for the reference signal can be set.
If DUAL1 *'is selected for the detection mode, [ PRI n]is displayed.
[m]: 1/m Fractional Harmonic
A 1/m-fold subharmonic {m: 1 to 63} for the reference signal can be set.
Fractional harmonic (n/m -fold) can be set by combining the harmonic and
subharmonic.
If DUAL1 *'is selected for the detection mode , [ PRI m ] is displayed.
[ SEC HMNC ] : Secondary PSD Harmonic ON / OFF*
Displayed when DUALL1 is selected for the detection mode.
{ON OFF} can be selected for the harmonic setting (secondary PSD).
[SEC n] : N-order Harmonic Setting (Secondary PSD)**
Displayed when DUALL1 is selected for the detection mode.
An n-fold harmonic {n: 1 to 63} for the reference signal (secondary PSD) can be set.
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[ DET MODE> ] : {Detection Mode Setting Screen}*
Pressing this soft key switches to {Detection Mode Setting Screen}.
When you enter this setting screen, you can select the detection mode using the MODIFY
knob and up/down keys.

{Detection Mode Setting Screen

+0.00000 V

+0.00000 V

REF > DET mode
SINGLE

(® SINGLE | DUAL1 | DUALZ | CASCADE

The LI5650 is equipped with two dual -phase PSDs.
The detection mode can be selected from {SINGLE DUAL1 DUAL2 CASCADE]}.
Only the SINGLE detection mode is available for the  LI5645.

Detection mode Function description
SINGLE Measures the signal components of a normal single frequ
Normal mode fundamental wave (1F), and fractional harmonic (nF/m).
DUAL1 Simultaneously measures the signal components of a frac
Fractional harmonic | harmonic (nF/m) using the primaBSDand those of a harmonic (n
mode using the secondafSD
DUAL2 Simultaneously measures the signamponents of a primar
Independent frequenc| frequency using the primafSDand those of a secondary frequer
mode using the secondafBSD
CASCADE Detects a primary frequency signal using the prinRBipand detects
Cascade mode that result with a secondary frequency using dwmsdanyPSD

[Exec] : Execute Detection Mode Setting
Executes the selected detection mode.

[Cancel] : Cancel Detection Mode Setting
Returns to the reference signal setting screen without executing the selected detection
mode.
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3.6.8 : {Auxiliary 1/0 Setting Screen}
{Auxiliary 1/0 Setting Screen}

+0.00000 V

+0.00000 V

+0.00000 V

[AUX IN> ] : {Auxiliary Input Setting Screen}
Pressing this soft key switches to {Auxiliary Input Setting Screen}.

{Auxiliary Input Setting Screen}

+0.00000 V

~ +0.00000 V
L % ¥ +0.00000 V

AUX > Aux Inl TC
5000ps

@ THRU | 1251 | 500ws | 20001

INPLIT>

[IN1]: Select AUX IN1 Smoothing Time Constant
The smoothing time constant for auxiliary input AUX | N1 can be selected from {THRU
1257 s 5007 s 20007 s} .
[IN2]: Select AUX IN2 Smoothing Time Constant
The smoothing time constant for auxiliary input AUX IN2 can be selected from {THRU
1257 s 5007 s 20007 s} .
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[INPUT>]: {AUX IN ON / OFF Screen}
Pressing this soft key switches to {AUX IN ON / OFF Screen}.

{AUX IN ON / OFF Screen]

v +0.00000 V

Li
> BUX IN > Input
ON ON

AUKINT AUXINZ

[AUX IN1 ON | OFF ]: AUX IN1 ON/ OFF

{ON OFF} can be selected for the auxiliary input AUX IN1 measurement function.
[AUX IN2 ON | OFF ] : AUX IN2 ON / OFF

{ON OFF} can be selected fordrauxiliary input AUX IN2 measurement function.

y Stopping the AUX I N I nput Function
When the AUX IN measurement function is set to OFF, the clock for the internal A/D converter
stops. Noise in the device is reduced so very small sighal measurementismmarne to
disturbance.

[AUX OUT>] : {Auxiliary Output Setting Screen}
Pressing this soft key switches to {Auxiliary Output Setting Screen}.

{Auxiliary Output Setting Screen}

+0.00000 V¥

e v +0.00000 V

AUX > Aux Outl
+1.000VDC

@ +-105vDC

[OUT1]: AUX OUT1 Voltage Setting
The set DC voltage {-10.500 V to +10.500 V, 0.001 V resolution} ¢ an be output to the
auxiliary output AUX OUT1.

[OUT2]: AUX OUT2 Voltage Setting
The set DC voltage {-10.500 V to +10.500 V, 0.001 V resolution} can be output to the
auxiliary output AUX OUT2.
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3.6.9 |UTIL|: {Utility Screen}

{Utility Screen}

+0.00000 V

Utility

[RESET>]: {Reset Screen}
Pressing this soft key switches to {Reset Screen}.

{Reset Screen}

R:

UTIL > Reset

[Exec] : Execute Reset
Executes a reset.
[Cancel] : Cancel Reset
Returns to the utility screen without executing a reset.

3-55

L15645 / L15650



3.6 Operation Screen Reference

[ MEMORY> ] : {Setting Memory Screen}
Pressing this soft key switches to {Setting Memory Screen}.
When you enter this setting screen, you can select the memory number using the
MODIFY knob and up/down keys.

{Setting Memory Screen}

+0.00000 V¥

+0.00000 V
+0.00000 V

UTIL > Memory
il memory#l
Motos

[MEM No.] : {Select Setting Memory}
The setting memory number for saving the setting to the device memory, recalling it,
and clearing it can be specified.
[NAME] : Change Setting Memory Name
The setting memory name can be edited.
Up to 8 characters can be selected from {Blank, Ato Z, ato z, 0to 9, # @,-} and
specified for the string.
[ RECALL> ] : {Setting Memory Recall Screen}
Pressing this soft key switches to the setting memory recall confirmation screen.
[Exec] : Execute Setting Memory Recall
Executes the setting recall from thelected setting memory.
[Cancel] : Cancel Recall
Returns to the setting memory screen without executing setting recall.
[ SAVE> ] : {Setting Memory Save Screen}
Pressing this soft key switches to the setting memory save confirmation screen.
[ Exec ] : Execute Setting Memory Save
Executes the setting save for the selected setting memory.
[ Cancel ] : Cancel Save
Returns to the setting memory screen without executing the saving of settings.
[ CLEAR>] : {Setting Memory Clear Screen}
Pressing this soft key switches to the setting memory clear screen.
[Exec] : Execute Setting Memory Clear Individually
Executes the selected setting memory clear (delete).
[Cancel] : Cancel Setting Memory Clear
Returns to the setting memory screen without executing clear.
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[INTERFACE>] : {Interface Setting Screen}
Pressing this soft key switches to {Interface Setting Screen}.
For details, F " LI5645 /LI5650 Instruction Manual (Remote Control)"

{Interface Setting Screen}

ATA4 Y

L
UTIL > Interface
USB SN 0000000

Weord Ox0D44, Prod 0x0049

[USB>]: {USB Information Screen}
Pressing this soft key switch es to {USB Information Screen}.
There is no setting for USB, but the vendor ID, product ID, and serial number are displayed in the

setting screen.

{USB Information Screen}

> INTF > USB
SN 0000000

Werd 00044, Prod 00043

[Exec] : Execute USB Communication Selection
Selects USB for the interface.

[GPIB>]: {GPIB Setting Screen}
Pressing this soft key switches to {GPIB Setting Screen}.
When you enter this setting screen, you can move through the digits using the
left/right cursor keys and then set the GPIB address {0 to 30} using the MODIFY knob

and up/down keys.

{GPIB Setting Screen}

> INTF > GPIB
Om3o

[Exec] : Execute GPIB Communication Selection
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Confirms the GPIBaddress and selects GPIB for the interface.

[RS232>] : {RS232 Setting Screen}
Pressing this soft key switches to {RS232 Setting Screen}.
When you enter this setting screen, you can set the baud rate using the MODIFY knob
and up/down keys.

{RS232 Settingscreen}

DR : PO DATAS +000000 V

INTE > RS Baud Rate
S0 bps

(® 4800 to 230400 bps

[BAUD RATE]: Baud Rate Setting

Baud rate {4800 9600 19200 38400 57600 115200 230400[bps]} can be set.
[FLOW CONTROL] : Flow Control Setting

Flow control {NONE SOFT HARD} can be set.

N NONE :No handshake

N SOFT . Software handshake (RN/X-OFF)

N HARD :Hardware handshake (RTS, CTS)
[TERMINATOR] : Terminator Setting

Terminator {LF CRLF} can be set.

n LF : Terminator is one character of LF (Line Feed).

N CRLF : Terminator is two characters of CR (Carriage Return) and LF.
[Exec] : Execute RS232 Communication Selection

Confirms varous settings and selects RS232 for the interface.
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[LAN>]: {LAN Setting Screen}
Pressing this soft key switches to {LAN Setting Screen}.

{LAN Setting Screen

+0.00000 V

+0.00000 V
+0.00000 V

Manual

> INTE > LAN
STBY 192.168.0.2

PORT 5025, MAC ADDR 00:14-CE:00:00:00

[ MANUAL>] : {Address Manual Setting Screen}
Pressing this soft key switches to { Address Manual Setting Screen}.

When you enter this setting screen, you can move through the digits using the

left/right cursor keys and then set the IP address using the MODIFY knob and
up/down keys.

{Address Manuabetting Screen

+0.00000 V

T ¢ +0.00000 V

LAN > Manual IP Address
192.168. 0.

@ 000 to 255 foctet

[IP ADDR] : IP Address Setting
The IP addess can be set.
[MASK] : Subnet Mask Setting
The subnet mask can be set.
[GATEWAY] : Default Gateway Setting
The default gateway can be set.
[ DNS]: DNS Setting
The DNS can be set.
[Exec] : Execute LAN Communication Selection
Confirms various sdtigs and selects LAN for the interface.
In this case, the device operates with the static addresses set above.
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[AUTO>] : {Address Auto Setting Screen}
Pressing this soft key switches to { Address Auto Setting Screen}.
(Firmware version 1.50 or later)

{Address AutdSetting Screen}

DR::

LAN > Auto

[Exec] : Execute LAN Communication Selection
Confirms various settings and selects LAN for the interface.
In this case, the device operates with the dynamic addresses that are assigned by using DHCP
and APIPA Automatic PrivatdP Addressiny

[ RESET>]: {LAN Reset Screen}

Pressing this soft key switches to {LAN Reset Screen}.
(Firmware version 1.50 or later)

{LAN ResetScreen}

+0.00000 V
+0.00000 V

LAN > Reset

[Exec] : Reset LAN Settings

Reset LAN settingand select LAN communication with auto setting.
[Cancel] : Cancel Resetting

Return to {LAN Setting Screen}.
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[SYSTEM>] : {System Setting Screen}
Pressing this soft key switches to {System Setting Screen}.
This is a screen for the maintenance and management of the  L15645 / LI5650.

{System Setting Screen}

SELFTEST>

IR

UTIL > System

[VERSION>] : {Version Information Screen}
Pressing this soft key displays {Version Information Screen} of the device.

{Version Information Screen}

+0.00000 V

= +0.00000 V
- +0.00000 V

SYSTEM > Version

FW:1.00 CAL: 2016/10/21 12:00
FPGADTBA IF:1000.100.313 BOARD:OU0Z

Displays the firmware version and last adjustment date and time.

[SELF TEST>] : {Self-Diagnosis Screen}
Pressing th is soft key switches to {Self -Diagnosis Screen}.
An external connection, etc. is required for the self -diagnosis. For details, F "8.5.1 Self
Test"

{Self-Diagnosis Screen}

v %7 7 +0.00000 V
> SYSTEM > Self Test

Reset & Test Ok7

[Exec] : Execute Self-Diagnosis
Executes the setfiagnosis.
[Cancel] : Cancel Self-Diagnosis
Stops the selfliagnosis and returns to the system setting screen.
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Operation Message
The process ("Executing... ") is displayed during the execution.
When the e xecution is completed successfully, "Done" is displayed for a short time.
If there is a problem, an error message and "Error " are displayed. In this case, the
screen does not return to the original measurement screen but remains unchanged.
If the execution is stopped or interrupted, "Canceled" is displayed and the screen
returns to the original measurements screen.

[ SERVICE> ] : {Maintenance Information Screen}
Pressing this soft key displays {Maintenance Information Screen} of the device.
The operating time (in minutes) and power on count are displayed.

{Maintenance Information Screen}

+0.00000 V

0 min
0/0[0]0]0

[ INIT>]: {Initialize Execution Screen}
Pressing this soft key displays {Initialize Execution Screen}.
Initialize restores the factory default state.

[Exec] : Execute Initialize

Executes the initialize operation.
[Cancel] : Cancel Initialize
Returns to the utility screen without executing the initialize operation.
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3.7 Initial Settings
The settings of thel5645 / LI5650 are the initial settings in the following cases.

9 At the Time of Shipment from the Factory
All the settings are the initial settings. The setting memory is empty.
When [SYSTEM>]-[INIT>] is executed fromfUTIL]: {Utility Screen, the settings are reset to the
factory default settings.
However, the maintenanceanmation is not changed

1 When Executing the Reset Command
Resets settings othéhan the setting memorlne frequency, interface, and key lock settings to the
initial settings.
Panel Operation
In . {Utility Screen, press the soft key in ordef [RESET] and[Exec].
Remote Control Command
* RST command

1 When Executing the System Reset Command
Resets all settings except for the interface setting to the initial settings.
Remote Control Command
:SYSTem:RST,

9 If there is an error with the resume memory where the last settings are stored when the
power is turned on
The part with the error is reset to the initial state.
(If all is normal, the last settings are restored)

For details on the initial setting items and content;Table 3-1 Setting Items and Initial Values"
Table 31 shows also the relationship of the auto setting function, setting memory, and resume with
each panmeter.
*1: Only theL15650 is equipped withlihe followings
Detection mode (DUAL1, DUAL2, CASCADE) ... second&$D
| connector
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Table 3-1 Setting Items and Initial Values 1/4

0
|_

% j o &
o i x| = S|E9 E
Setting item Parameter range Initial value 5 (n,:) o5 GE) 7
| | Elong &
n 5 gl x

/) =
<Measurement Screen> |NORMal|LARGe|FINE NORM f f N|Y]|[Y

<Measured Data>**

DATAL R (SINGLE) f f f Y Y
SINGLE X|RJAUX 1|NOIS R f f h Y Y
DUAL1
DUAL2 fi\{j)l 1TN%||sYp Ldpl Xsig, flf |h|Y]Y
CASCADE

DATA2 d (SI NGL| f f f Y Y
SINGLE Y| d] AUX1]| AUX2 d f f h Y Y
DUAL1
DUAL2 Yp| dp| Xs| Rs| Ys |dp f f h Y |Y
CASCADE

DATA3 X (SINGLE) f f f Y| Y
SINGLE X|R X f f h Y Y
DUAL1
DUAL2 Xp| Rp| Yp| dp| Xs |Xp f f h|Y|Y
CASCADE

DATA4 Y (SINGLE) f[f [f |Y]|Y
SINGLE Y| d Y f f h Y Y
DUAL1
DUAL2 Yp| dp| Xs| Rs| Ys|Yp fo|f h|Y]|Y
CASCADE

DATA OUTPUT
DATA1 ON|OFF ON
DATA2 ON|OFF ON
DATA3 ON|OFF ON f f f Y Y
DATA4 ON|OFF ON

<Noise Smoothing Factor> |1|4|16/64 1 fo|f N|Y]|Y

*1 (Primary / SecondarlySD,
<Offset> Standalone)

X Offset
ON / OFF OFF|ON OFF f f f Y Y
Range +105.000% 0% f f f Y|Y

Y Offset
ON / OFF OFF|ON OFF f f f Y|Y
Range +105.000% 0% f f f Y Y

. . . OFF|EXPAND f f N Y Y
<Arithmetic Function> INORM|RATIO OFF
x1 | (Primary / SecondarySD,

<EXPAND Scale Factor> Standalone)

X/ R EXPAND Scale Factor 110|100 1 f f f Y |Y

Y EXPAND Scale Factor 110|100 1 f f f Y |Y

<Normalize>

Display Form % |dB|%FS % f f f Y|Y

Standard Value
\% 1nVto 10V Y f f f Y Y
| *1 1fAtole A le A f f f Y Y

User Unit Up to 3 characters (specified Blank f § §

character types)
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3.7 Initial Settings

Table 3-1 Setting Items and Initial Values 2/4

(%))
|_
% j o &
o L Xl | S|E9 E
Setting item Parameter range Initial value =1 W =g 32
0| ¢ 2|5g &
x
n 5 gl x
/) =
<Ratio Arithmetic
Expression>**
SINGLE RATIO1 RATIO1
DUAL1 RATIO1|RATIO2 f f f v v
DUAL2 RATIO1|RATIO2
CASCADE RATIO1
Ratio Scale Factor K 0.10000 to 10.0000 1 f f f Y|Y
<Sensitivity>*l (Primary / Secondary SD,
Standalone)
Sensitivity A A-B 10 nVto 1V 1V f f A Y Y
| 1M 100fAtol eA |[(1 €A)
| 100M 10 fAto10 nA (10 nA)
1-2-5
ContinuousAuto Selection OFF|ON OFF f |f f Y |Y
<Dynamic Reserve> HIGH|MED|LOW LOW f f A|lY]|Y
<Time Constant Filter>** | (Primary/ SecondarySh
Standalone)
Time Corstant le $050ks 1-2-5 100 ms fo|f AlY|Y
Attenuation Slope 6]12|18]24 dB/oct 24 dB/oct f f f Y |Y
Filter Type TC|SYNC TC f f A|lY]|Y
<PSD Input Offset> (Primary / SecondariSD,
Common)
PSD Continuous Auto HOLD|AUTO AUTO f f f Y |Y
Adjustment Settling Time 200ms|750ms|3000ms 200 ms f f N|[Y]Y
Adjustment Value Not disclosed Factory default valug f f N|[Y][Y
<Signal Input>**
Input Connector AJA-B|l| A f f N|Y|[Y
ggli'rr]ent to Voltage Conversid 1 M|100M 1M f f Alvyly
Input Coupling ACDC AC f f A|lY|Y
Signal Ground FLOAT|GROUND GROUND f f N|Y[Y
<Signal Filter>
THRU|L1|L2|L1&L2
Line Filter L1 is 50 Hz or 60 Hz THRU (OFF) f f f Y [Y
L2 is 100 Hz or 120 Hz
Line Frequenc 5060 Hz 50 Hz N N[N|[N|W
q y (factory default)
<Phase Adjustment>*l (Primary / SecondarlySD,
Standalone)
Phase Shift Amount -180.000 to +179.999° 0° f f f Y|Y
<Detection Mode>*1 S|NGLE|DUAL1 SINGLE f f N Y Y
[DUAL2|CASCADE
<Reference Signal>
Reference Signal Source REF IN | REFIN f f N|Y[Y
INT OSC |
SIGNAL
Waveform SIN+|TTL+|TTL- SIN+ f f N|Y|[Y

(REFERENCE INPUT)
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3.7 Initial Settings

Table 3-1 Setting Items and Initial Values 3/4

(%))
|_
% j o &
o o x| s|gg E
Setting item Parameter range Initial value 5 (n,:) ol|& CIEJ 7
| * | Elog &
n 5 gl x
/) >
<Internal Oscillator>"*
Frequency
for both the primary and 0.0005 Hzto 260.000kHz 1.00000kHz f f Ny |y
secondary frequencies
Output Voltage Range 10m|100m|1 Vrms 1Vrms f f N|Y[Y
Output Voltage (Amplitude) 0.00 m to 1.000 Vrms 0.000 Vrms f f N[Y[Y
Output Selection PRI|SEC PRI f f N|Y]|Y
10MHz In OFF|ON OFF f f N Y Y
<Harmonic>"*
PrimaryPSD OFF|ON OFF f f Ny |y
SecondaryPSD OFF|ON OFF
PrimaryPSDn 1to63 1
PrimaryPSDm 1t063 1 f f N|Y|[Y
SecondanPSDn 1t063 1
<Auxiliary Input>
AUX IN 1 Time Constah THRU|125¢ s [ 50 0250 (2000 s flf |[N|[Y]|Y
AUX IN 2 Time Constant THRU|125¢ s £ 50 029 (2000¢ s f f N[Y[Y
AUX INPUT
AUXIN 1 ON|OFF ON f f Y Y
AUXIN 2 ON|OFF ON f f f Y Y
<Auxiliary Output>
AUX OUT 1 Range +10.5000 V oV f f N Y Y
AUX OUT 2 Range +10.5000 V ov f f N Y Y
<Key Lock> OFF|ON OFF (Cancellation) | f N N N N
<Lamp Control> OFF|ON ON (Lit) f [ N|N|N]|N
<Data Transfer Format> ASCll|real number|integer ASCII f f N | N N
Measured Data Set STATUS, DATAL, DATA2 DATA1 DATA2 f f N | N N
(for query) DATA3, DATA4, FREQ
<Measured Data Buffer>
Measured Data Set STATUS, DATAL, DATA2 DATA1 DATA2 f f N N N
(for recording) DATA3, DATA4, FREQ
FEED:CONTrol Send|Not send Not send f f f N | N
BUF1, BUF2, BUF3
Buffer Size (Unit: Sample point) (Maximum value) f f N | N|N
BUF1, BUF2, BUF3 16 to 8192 8192
16 to 65536 65536
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3.7 Initial Settings

Table 3-1 Setting Items and Initial Values 4/4

(%))
B j o &
o . x| = S|E9 E
Setting item Parameter range Initial value 5 :.’:) ol|& CIEJ §
5 5|Pg x

/) =

<Trigger>
Trigger Source MAN|EXT|BUS BUS f f N|Y]|Y
Trigger Delay Time 0to100s 640 ns xN Os f f N|Y]|[Y
Timer Function ON|OFF OFF f f N|Y[Y
Timer Period 9.60E-6t0 20 s 640 ns xN 10 ms f f N|Y[Y
<Interface>"*
Type USB|GPIB|RS232|LAN UsB NI N[N[N[W
GPIB Address 0to 30 2 N N N | N |[W
RS-232 Baud Rate 4800 to 230400 9600 N N N | N|[W
RS-232 Flow Control LF|CR LF CRLF N|[NJ|N|N/|[W
RS-232 Terminate NONE|SOFT|HARD NONE N N N N | w
LAN IP Address 0.0.0.0 to 255.255.255.255 192.168.0.2 N N N N | W
LAN Subnet Mask 0.0.0.0 to 255.255.255.255 255.255.255.0 N|N|N|[N]|W
LAN Default Gateway 0.0.0.0 to 255.255.255.255 0.0.0.0 N | NJ|NJ|N]|W
LAN DNS 0.0.00 t0255.255.255.255 0.0.0.0 N|N]|NJ|NI|[W
<Setting Memory>

Content 0 Initial value f N N | & Wi

Y Remark

Initial value At the time of shipment from the factory
:SYST:RST Remote control when executing the :SYSTem:RST command

*RST

Remote control when executing the *RST command

The |UTIL | [RESET] operation is the same as the *RST caand,

except that the :INIT:CONT system is not influenced.

s <z>»z -

Same as on left (initial value)
Refer to above

There is no function (no influence)
There is tle function

objects

Set by remote control / cannot be queried.

Not applicable

The following is not covered by the scope of resume.

N Measurement data stored hetmeasurement data buffer

N Latest measurement data

N Sensitivity and dynamic reserve selecte@ontinuousAuto Setting

Depending on the auto setting function (the result varies depending on the situation)

There is the function However, data is held independently from the general resume
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This chapter describelsd basic operations for the normal single frequency andpthaale detection.
For details on advanced usafe,"5 Advanced Operations"

For details on dudtequency measuremefit, "6 Dual Frequency Measurement"
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4.1 Display and Operation when Power Is Turned On
1 VA A 4

4.1 Display and Operation when Power Is Turned On

4.1.1 Check before Turning On the Power

Before seihg the power switch to ONsee"2.3 Grounding and Connecting to Power Outlet" and
check that the device is grounded and the setting of the power voltage selector switch is appropriate.

4.1.2 Startup Screen and Operation on Startup
When the power switch is s&t ON, the startup screen is displayed. Furthermore, all lamps are lit for the
first several seconds to check operation.

During this period, the internal initial settings are
configured and selfiiagnosis is performed. If an error is
detected, an erronessage is displayed.
ZNFE € . »
If a critical error is detected, an error message is displayed
and operation becomes no longer possible.

Startup Screen
If the last settings are lost, an error message is displayed,
but the error parameter is reset and the startup screen is
dispgayed. This error message can be cleared by pressing
any key.

For detailsF 7.1.1 Power-On Errors.

For details on the reset information,

F "3.7 Initial Settings"

Error Message at Startup If there is no error with the resume memory where the last

(for Reference) settings are storedhe settings when the power was
turned off last are restored.

When the device starts up normally, a message is
displayed for several seconds and then the measurement
screen is displayed.

For details,

F "3.4 Overview of the Operation Screen."
After this point, measurement and panel operations are

possible.

Message at Normal Startup

It takes about 30 secandrom startup before the remote control function can be a&thg this period,
the REMOTE lamp flashes, but setting and measurement operations can be performed using the operation
keys.
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4.2 Simple Operation Procedure for Using the Device for the First Time
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4.2 Simple Operation Procedure for Using the Device for the First Time
If a proper reference signal is obtained for the sine wave or square wave (duty about 50%), a measurement

can be performed using the following simple procedure.

1 Reset ([UTIL| g [RESET>]g [Exec])

9 Connect the measured signal ( g A) and reference signal ( g REF IN)
9 Auto setting ( |AUTO| g [MEASURE])
At t he measurement screen

 Manual adjustment (Sensitivity: () () Time constant: <] [>
9 Select the measurement data ( ¢ / DATA key: SelectfromR -é oY) | X

1) Reset

91 Pressthe | UTIL| key to display the {Utility Screen }.
91 Press the [RESET>] soft key and then the [Exec] soft key in the lower -level

screen.

The reset operation can be canceled using th e [Cancel] soft key.
You can return to the upper -level operation screen or measurement screen using the

[SCRN |/ EXIT key.

The above reset operation results in the following settings.

Signal input connecto A (singleended)

Input coupling AC

Referencesignal source  REF IN, SIN+ (Phase reference: Sine wave rise zero cross point)
Detection mode SINGLE (single frequency measurement)

Harmonic 1/1 (fundamental wave measurement)

Measurement screen Normal (displays the measured value, bar graph, and maingst
Measurement data DATAL1 -DATA2: R-d (si gnal-phesa)gni t ude

Operation screen
[ RESET>] (Simple operation keys)  selection keys

{Utility Screen} \ \ /

PRI/SEGC N
[ ]| (aUTO] (DATA)

DR
)| (sens) ((Tc)

AR +000000 V NTERFACE SL[@][E [SHGJ [PHASE]
- opon| 274 Y +0.00000 V DATA

+0.00000 V

tiliy [mn@] (REF) (AUX]
) G| @
EXIT

Soft keys / EXIT key key
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4.2 Simple Operation Procedure for Using the Device for the First Time
1 VA A 4

2) Connecting the Measured Signal and Reference Signal
Connect bdt the measured signal and reference signal pridBXoAuto Setting". To use a lockn
amplifier, in general, a reference signal serving asesearce for the frequency and phase is required.

A

B

1—3 —{(@) ';;::::,{-Et]

WV tusme  WmpMQ  tvma1M2

DROYHAMIC RESERVE 5
TGTIME CONSTART 3V Zow 0@

A REF IN

P

2 f V18 =

] ' A l)g =

@~ A=

ﬁ: - cE .
N
-

i ; & =

NI =

g L
e 3 o

Measured signal Reference signal

The following specifications are used for this explanation.
Measured signal: Single -ended, and noise is at the level where the waveform can be
identified
External reference signal: Sine wave or square wave (duty 3 50%) of order of several
Vp-p

Other signal input connectors and other reference signals are selected in each setting screen and
operation screen.
Go to another operation screen

For details on signal input, F key
For details on reference signaff key

Return to the measurement scre¢i®SCRN |/ EXIT key

3) Auto Setting
9 To perform auto setting, press |AUTO | key to {Auto Setting Screen}, and then press
the [MEASURE] soft key.

This performs auto setting in the following order.

a) Time constant filter (time constant and attenuation slope)
Performs auto setting according to the frequency of the reference signal.

b) Sensitivity (signal full scale) and dynamic reserve
It takes ti me because the adjustment is performed one step at a time according to the
signal and noise levels.

¢) Phase (phase shift amount of the reference signal)
Adjusts the phase shift amount so the Y outputand €& out put become zero.
At this point, the X output becomes equal to signal magnitude R. This X output has the
advantage that it is more immune to the random noise than the R output.

When the auto setting is completed, the screen returns to the meass@esnt
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4.2 Simple Operation Procedure for Using the Device for the First Time
1 VA A 4

4) Manual Adjustment
If the measurement fails using the auto setting, use the manual adjustment.

The following parameters can be adjusted also in the measurement screen.

Sensitivity (SENS)
Can be selected with the up/down keys.
Select the sensiity so the measured value becomes close to the full scale without exceeding the
specified level (ovelevel). If saturation occurs anywhere in the signal path inside the device, an
icon (red) for INPUT, OUTPUT, etc. is displayed in the status areeaeatoth of the screen. A
correct value cannot be obtained in this state.

Time Constant (T)
Can be selected with the left/right cursor keys.
If the measured value fluctuates due to noise, increase the time constant.

MODIFY

<] MODIFY knob
c

Left/right cursor keys

Up/down keys

5) Select the measurement data
In the measurement screen, the value in DATAL and DATA2 can be selectedfcom & r\dusing
thec [/ DATA key. Measurement

Output connector parameter Measured value

Input connector

Input coupling —_ DATA1
Signal ground
Sensitivity — DATA2
Dynamic reserve —_ D
Time constant —__ FF . REFIN  SIN 0 ! Sine wave
Attenuation slope 1 1N ) amplitude
T = 1.0 Phase shift
Synchronous filter amount
Synchronous frequency Reference signal
(fundamental wave) setting

Note that the display can be switched to the expanded display and details display using

the key.

For detailsF "3.3 Overview of the Measurement Screen"
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4.2 Simple Operation Procedure for Using the Device for the First Time

6) Advanced Settings
To perform other advanced settings, press the operation screen selection kep #agb tperation
screen.
For detailsF "3.4 Overview of the Operation Screen”, "3 Panel Operation List", or
"5 Advanced Operations".

When the measured value exceeds the specified levellGwedy even if it does not reach the full scale,
increasing the dynamic reserve (DR) may enai#asurement to be performed successfully.
For detailsF "4.7 Sensitivity and Dynamic Reserve Setting"

When you have confirmedhat the measured value has sufficiently stabilized, presthaJE] soft

keyinthelAUTO |k ey: { Auto Setting Screen} so that you
Y =0).
For details on manual adjustment,

F | PHASE |key: {Phase Adjustment Screet¥}.8 Phase Adjustment"
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4.3 Measurement Parameter Setting, Output, and Display
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4.3 Measurement Parameter Setting, Output, and Display
The following shows how to specify the asurement parameters to output and display in DATAL to
DATAA4.

PRI/SEC—————

O l

DR S~

O DATA| key |

SLOPE (Operation screen selecti
sIG

DATA key)
C IDATAkey  ——( )| (mEF) (X
Simple operation ke TRIG
(Simple op ) () (scrn)| (U
EXIT

1) Operation in the Measurement Screen
Any of the following can be set only in DATA1 and DATAZ2 using the / DATA key.
DATAL - DATA2: R-d  o-Y (wkdch are sequentially switched)

2) Operation in the Operation Screen
First press the DATA | key to go to the following {Output Signal Selection Screen}.
For details on the output signal settings,'3.6.2 | DATA |:{Output Signal Setting Screen}"

{Output SignalSettingScreen}

+0.00000 V

+0.00000 V
+0.00000 V

ata Out
R e X

DATAT DATAZ DATA3 DATA4

Current DATA 1, DATA2, DATAS, and DATA4 Output / Display Parameters

{Basic Measurement Parameter Setting Scre
Next, press he [ BASIC>] soft key to go to the

+0.00000 v _ {Basic Measurement Parameter Setting Screen},
- where the basic combination soft key is displayed
+0.00000 V ' The soft key display content is specified in DATAL
- HMEELLD and DATA2
DATA > Basi . .
R ’ aglc Y Press te [ X-Y] soft key to set X in DATAL and Y in
DATA1 DATAZ DATA3 DATAL DATA2.

DATA3 and DATA4 are not changed.
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4.3 Measurement Parameter Setting, Output, and Display

{Custom Measurement Parameter Setting Scree

+0.00000 V Press e [ CUSTOM> ] soft key to go to the

: {Custom Measurement Parameter Setting Screen},
+0.00000 Vv ) wher any measurement parameter can be set in
+0.00000 V : DATAL to DATAA,

DATA > Custom

O H|R | A NoIS
W—/

To change the parameter in DATAL, press the
[ DATAL1 ] soft key to select the measurement
parameter using the MODIFY knob or up/down
Setting rang  Current setting keys.

OUTPUT>

If NOISE (noise d ensity) is specified in DATAL, the [NOISE] soft key is displayed in the
{Output Signal Selection Screen}, where the smoothing factor can be set.
For details on NOISE (noise densitlf), "5.6 Noise Density Measurement"

The following shows the meaning of each parameter.

Parameter Description

X Innphase component
Y Quadrature component (=R sih
R Signal magnitude (X2 +Y?)
d Signal phase (tan"*Y/X)

AUX1 DC input voltage (rear panel)

AUX2 _ _ PSD reference signal
NOISE Noise density

Values in DATAL to DATA4 are displayed both in the measurement screen and operation screen.
Values and bar graphs in DATAL1 and DATA2 are dispiaire the Normal measurement screeand
Largemeasurement screen.

The followingshows an example of tidormalmeasurement screen

{Normal Measurement Screen}

For details on each measurement screeri3.3 Overview of the Measurement Screen"
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4.3 Measurement Parameter Setting, Output, and Display

Analog signals irDATA1 to DATA4 can be obtained from the correspondiD§TA OUT 1 to DATA

OUT 4 outputconnectos.

DATAOUT 3 4

y

3 7
— —
= g N imhz. 2506z DIGITAL LOCK-IM AMPLIFIER LI5650
UL | PRVSEC,
| E % s coFyY (REMOTE) POWER
| = N o,
‘ =0 (YY) :
| j SLOPE WAL J VIREYLBGR] o
| D =" 7 LAMP OFF =
A slem;mwr R I T e — O heraee
OO0 O | = [ 2 (| A
Yoz e e, | 5 @O O
L ~ - U +12V Zow 4102 ) U sovpprmmL Mg 1%‘;‘! 0e
\_F L/
DATAOUT1 2
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4.4 Reference Signal Setting and Connection
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4.4 Reference Signal Setting and Connection
The following shows how to specify the reference signal serving as a reference of the frequency and phase.

2
s[5
m
o

b3

g

(=]

=

.zﬂ

=

=]
=
o (4
=
&) &
Z |a
&l o
m

[}
[
o
el
m

_— REF | key
REF) [AUX (Operation screen selection

-l
=
[=]

key)

0
8
2
5

1) Select the Reference Signal Source
First press the REF | key to go to the following {Reference Signal Setting Screen}.

{Reference Signal Setting Screen}

Next, press thg SOURCE] soft key to select the

+0.00000 V - reference signal source from the following.
= REF IN (External reference signal)
+0.00000 V Input the reference signal from tfREF IN
connector

Reference

M=l SIN+
(® REF IN | INT 0SC | SIGNAL

%—/
Selectable parameters

INT OSC (Internal oscillator)

Generates the specified frequency ingide
device.(External connection is not required)
SIGNAL (Measurement signal)

Internally creates a synchronous signal from a

measured signal at theconnectoretc.

SIGNAL
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4.4 Reference Signal Setting and Connection

2) External Reference Signal (REF IN)
When the external ference signal is selected, HeDGE ] soft key is displayed.
Press th¢EDGE ] soft key to select the waveform and edge for the external reference signal.

Reference Signal Setting Screen}

+0.00000 V

+0.00000 V
+0.00000 V

D HYNG>
Reference

REF IN DET MODE>

O SINe | TTL+ | TTL-

%{_J
Selectable paramete Current edge

1 SIN+ : Sine wave (0.3 to 20 Vp -p),

Point to go through the average value in an upward
The frequency range is 0.3 Hz to 260 kHz.
I TTL+ : Square wave (TTL level), rising edge
The frequency range is 0.5 mHz to 260 kHz .
7L - : Square wave (TTL level), falling edge
The frequency range is 0.5 mHz to 260 kHz .

REF IN waveform: SINE

ov

y UNLOCK

TTL POS

direction.
TTLNEG
1
Vih - - ____ High 2.6V or more
oV [_ Low 0.8 V or less

00

If the external reference signal (REF IN) or measurement signal (SIGNAL) is set for

the reference signal source and they are not synchronized, the UNLOCK status is

displayed in the measurement screen.

The frequency and measured v alue displayed i n the UNLOCK stat e do not correspond

to the actual signal correctly so the values fluctuate.

If not synchronized, the frequency, magnitude, and waveform of the reference signal

are considered to be different from the settings. Furthermore,

if the noise included in

the reference signal and the fluctuations of the frequency and amplitude are large,

they may not be synchronized.
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4.4 Reference Signal Setting and Connection
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3) Internal Oscillator (INT OSC)

_ {Oscillator Setting Screen}

To use the internal oscillator, press th@3C SET>]
soft key to go to the {Ggllator Setting Screen}.

Then set the frequency and output amplitude G&C
OUT) of the internal oscillator.

REFERENCE
REF IN 0SC OUT
10MHz [n> - -

20Vpp/TTL IMQ  1Vrms Zout 50Q

OsC ouT

Press the FREQ>] soft key to go to the {Frequency
Setting Screen} and set the frequency using the cursors
and MODIFY knob.

> 0SG SET > Freq

[1.00000kHz
® 0.5rHz to 260kHz
H/_/

Settingrang ~ Current setting

i {Amplitude Setting Screen} Pres the [AMPTD>] soft key to go to the {Amplitude
+0.00000 V Al Setting Screen} and set the amplitude using the cursors
and MODIFY knob.
+0.00000 V A0 The output range (10 mVrms, 100 mVrms, 1 Vrms) can
oo * ¥ +0.00000 V be set using theJANGE | soft key.
> 0SC SET > Amptd
0.00G v @ty
O omy to 1V
%/_J .
Setting rang Current setting REFAOUT
A sine wave at the set frequency amplitudeis output fromOSC OUT 1k
connectoron the front panel and a square wave signal at the TTL level REF OUT
synchronized wittDSC OUT connectolis output fromREF OUT connector =
onthe rear panel. {)
T

3.3 Vp-p nominal value
REF OUT

If the frequency is increased, a phasit ®ccurs betwee@®@SC OUT andREF OUT.
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4.4 Reference Signal Setting and Connection

The amplitu@ for the internal oscillator outp@SC OUT (sine wave) can be set regardless of the
reference signal source.

If the amplitude range is switched, a bgétch (dip or peak) occurs.
If the detectio mode is DUAL2' and CASCADE', and the secondary frequency is set to output, the
set frequency of the secondary frequency is output regardless of the reference signal source.

*1: Only theLI5650 is equipped witlDUAL2 andCASCADE

Yy Crosstalnk Reductio
If OSC OUT (sine wave) andREF OUT (square wave) are not used and the amplitude for

OSC OUT is set to 0 V, therosstalk from the reference signal to the measured signal can be
reduced.

4) Measurement Signal (SIGNAL)
To use the referencggnal source @SIGNAL and synchronize it with the measured signal, first press
the [OSC SET>] soft key to go to the {Oscillator Setting Screen}. Next, press HREQ>] soft key
to go to the {Frequency Setting Screen} and set the frequency as close to the msigsaieds
possible using the cursors and MODIFY knob. If tlegjérency is far away from it, synchronization may
be impossible or may take time.
If large noise is included in the input signal, set the time constant filter properly to reduce the influence
of the noise. If stable measured values cannot be obtained, synchronization may be impossible.

5) Actions and Output of the Internal Oscillator

The internal oscillator acts as follows depending on the reference signal source.

Reference signal
source
REF IN Synchronized with external reference signal REF IN.

Oscillates at the frequency set by a value.

Action of the internal oscillator

If the reference signal source is switched to another one, the in
oscillator switches the frequency to tirequency and phase of the ng

INT OSC reference signal source.

However, the frequency set by a value is stored. If the reference

source is returned to INT OSC, the previous frequency (set by a val

restored.

SIGNAL Synchronized with the measured sigatbnnectoretc).
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4.5 Input Connector Setting and Connection
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4.5 Input Connector Setting and Connection
The following shows how to set the measurement signal input connector.
*1: Only theLI5650 is equipped with thd connector

PRI/SEC———
()| (auto) (pATA
DR
J - key
SLOPE e _ _
) PHASE {Input Signal Selection Screen}
DATA
A
TRIG
() (scrw) | (unc

1) Select the Signal Input Connector
First press the SIG | key to go to the following {Input Connector Selection Screen}.

{Input Connector Selection Screen

= A Voltage (1 Vrms max.)
= AB Voltage (Differential, 1 Vrms max.)
= | Current (1*¢Arms max.
QH A-ETT
H_J
Selectable parameters Current input setting
Connect the cable to the selected input connector. Y

&I0E
Do not connect an unnecessary cable to the unselected input
connector. An unnecessary signal (interference) from the
unnecessary cable may be mixed into the measured signal.

SIGNAL
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4.5 Input Connector Setting and Connection

1 VA A 4
2)A
A (A connectr) is the most generally used input connector for skeglged voltage signal.
Voltage sensitivity :10 nV to 1V (RMS value of signal)
Frequency range : 1 mHzto 250kHz
Input impedance 10 Mgq (nominal va(upmemnentatydluep F in parall
Maximum input voltage : £3V (between signal and ground
If the signal significantly exceeds the maximum Protective
input voltage range, the input connector may temporarily AC|DC +3.8V [.?Iay
be separated from the inside for protection. AB O—LI

0.15u

Y Noise Figure (NF)
Since an amplifier gnerates noise inside, the S/N ratio deteriorates wherever an amplifier is used. A
noise figure indicates the extent to which the S/N ratio deteriorates. It indicates that the smaller the
NF is the better the noise performance is.
NF [dB]= output S/N r atio [dB] - input S/N ratio [dB]

100M

6dB 0 dB 20 dB

INPUT A
10M 3dB SENS 1mV

DR LOW
1dB

0.2dB

10k

3dB

1k
6dB

Signal source resistance [ q ]

10dB

100 F

20dB
10 100 1k 10k 100 k iy

Frequency [Hz]

Figure 4-1 Noise Figure (Supplementary Values)

The NF varies depending on the frequency and signal source resistance. It depends on not only the
input capacity but also the cable length at a high frequency.

Furthermore, the signal source resista at which theNF is the minimum value is called the
optimum signal source resistance. However, even if a resistor is installed in series with the signal
source resistance to achieve the optimum signal source resistance, the S/N ratio is not improved.

In particular, if noisanust be low, use a proper preamplifier. Install a preamplifier as close to the signal
source as possible to reduce the influence of cormauhe noise.
Ground the preamplifier close to the signal source.

4-16 L15645 / L15650
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3)A-B
A-B is a differentialconnection betweeA connectorand B connector Even if there is commemode
noise in the ground potential of thgrsal source and the signal reference potential of k6645 /
LI5650, the influence on the measuremeah be reduced. F@-B, B connetor is used as a reference
to measure the voltage signaltonnectar

\oltage sensitivity :10 nV to 1V (RMS value of signal)
Frequency range : 1 mHzto 250kHz
Input impedance 10 Mg (nominal v a(upgementatydlue)p F i n parall

Maximum input voltage : £3V (between signal and ground, between signahdB)

y CMRR (Common Mode Rejection Rati o)
The capability to remove the signal (noise) component commonly addedhtanpats is called
CMRR (Common Mode Rejection Ratio).
The CMRR varies depending on the sensitivity (SENS), dynamic reserve, and input coupling (AC

DC).
120 T
. — 1 DC DR:Low SENS:20mV
Signal g Pr
source 100 T S
o 1 ’
DE: R AC
S 80 T
/77 N } | | | | |

Common-mode
noise

1 10 100 1k 10k 100k
Frequencyl HzE

Figure 4-2 CMRR (Supplementary Values)

CMRR Deteioration Factors

N High signal source impedance and mismatch of the signal source impedance
If the signal source impedance is low enough, there is no problem. However, if the signal source
impedance is high, the mismatch of the signal source impedaweee&t andB causes the
CMRR to deteriorate significantly.

N Mismatch of the cable capacity
If the type and length of both signal cables vary, the capacity to ground of each signal line also
varies, so the CMRR deteriorates at a high frequency.
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4.5 Input Connector Setting and Connection

4)1*
| (I connectoy converts a current signal to a voltage signal using a cutrenttage converter and
measures it.
If 1is selected, select the currentoltage conversion gain considering the magnitude and frequency of
the current signal.
For details orthe specificationd: "9.1 Measured signal system, b) Current measurement”

' © 100 For the polarity of the current, the direction in which the current
< i B flows from thel connectoto the signal sarce is positive.

Conversion gain 1 M:
SIG IN Conversion gain XOv/A
14| 100M Current sensitivity 100
Bandwidth250kHz *2
Conversion gain 100 M:
Conversion gain Fov/A
o 1IM | 1[%Mm AC  GND ) Current sensitivity 10 fAto 10 nA
— Bandwidth 10 kHz?
Settable parameters " Current setting  *2: .3 dB bandwidth whei€s = 150 pF (supplementary
value)

Slgnal In

Cs is the capacity of the signal source (including the
connection cable)

For the current input, the frequency characteristic changes by Cs. Furthermore, when Cs increases, the
noise density increases at a high frequeBgpending on the sensitivity and dynamic reserve settings,

the level may be exceeded (o¥evel) inside thelI5650 due to the influence of noise. Adjust the
sensitivity and dynamic reserve as needed.

Furthermore, to avoid the influence of noise as maglpossible, install a current input amplifier (NF
Corporation'sSWIDEBAND CURRENT AMPLIFIER SA-600 series, et as close to the signal source

as possible to convert a current to a voltage and connect it as a voltage signalitgpthie

®» =+ 000 T -
L 2 M,.-”
S 0T RN c 300 T g
g N LN 150fA
'g Conversion gain Conversion "~ @ Ti0 T
-10 T i A =
3 100 M gain 1 M c@ | 100M
o) +4 - 15fA
S <

w— 20T g _woT
2 : : : | SRS l l I I

1k 10k 100k M 1k 10k 100k M

Frequencyll HzE€ Frequency® HzG
Figure 4-3 | Input Frequency Figure 4-4 | Input Referred Noise Density

Characteristics (Supplementary Values) (Supplementary Values)
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5) Input Coupling **
If A, A-B, orlis set, the input couplingAC | DC] can be selected.
The specifics vary depending on the input connector. For details, refer to the figure below.
The C connectotis always the DC coupling, but the DC component is automatically canceled.
TheHF connectoiis always the AC coupling.

1M 100M

v AC DC

Diff AMP

AO— Anti-Aliasing
Filter

e ==l
: AC DC™™ DC
gA_B A Cancel

= AC (AC coupling)

When a large DC component is includecthie input signal, it is possible to measure the minute AC
signal by increasing the sensitivity by cutting the DC comporanteasing the sensitivity without
cutting off the DC component may cause internal circuitry to saturate.

Although the frequency chacteristic of the AC coupling (DC cancel function) is corrected,
measurement accuracy decreases near the lower limit freqédswytransient response settling time is
required when signal changes.

Please use AC coupling when the frequency is 1 Hz oe.mo

= DC (DC coupling)

For AC coupling, signal attenuation and phase error may increase at low frequencies.

For this reason, it is recommended to use DC coupling for frequencies below 1 Hz even for AC signals
that do not contain DC components.

However, sice the DC component is also regarded as noise, sufficient care is required for dynamic
reserve and sensitivity setting.
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4.5 Input Connector Setting and Connection

6) Select the Ground
The signal grounfFLOAT | GND] can be selected.
FLOAT : Floating from the enclosure (ground). Impedancetosnof: 1 0 k q
GND : Connected to the enclasu Impedance to enclosure 1 11q

If the signal grands for the signal source and tH&645 / LI5650 are grounded at separate locations, a
potential difference between grounds (commaode noise) may cause a nogrent to flow into the

grourd loop and a voltage drop in the signal ground line may be added as noise to the signal. In such a
case, select FLOAT.

jmmm e Detail it FLOAT / GND
LI15645 / LI5650 i

1LW MAN—

10 kKW — " \N\—19

1
|
Signal |
source (M r i

————— NN

@

2

=
\é

lw)
J
]
R ~NA74

b4

N

—r
+1 V max

noise
If alarge current flows between

both grounds,
the clamp diode is damaged.

If the signal source is not grounded, select GND and connect the signal ground to theesattbsll

5645 / LI15650 to maintain the stability of the potential reference.

If the signal source is not grounded andlthe645 / LI5650 is also in the FLOAT state, the impedance

to ground increases and the potential (to ground) of the signaldyfiaatuates, for example, due to an
electrostatic coupling with the noise source. The fluctuation of the signal ground potential is an
isolationmode rejection ratio whose characteristics are similar to those of the CMRR, which adversely
affects the sigraneasurenent.

If the environmental noise is large

N If there is cormonrmode noise in the ground potential of the signal source and the signal reference
potential of the.I15645 / LI5650, use the differential connectioA{B).

N If the ground of the reference sigriale (enclosure of thel5645 / LI5650) is shared by the ground
of the signal source to be measured, isolate the signal using a transformer.

N If noise comes in via the power supply or ground of an external device, the noise current can be
reduced by installing a noise cut transformer (NF Cafpam's Noise Filter Transformer NT series,
etc.) in the power line from the outlet. Furthermorejse can be reduced in some cases by
connecting both grounds with low impedance to reduce the potential difference between grounds.

4-20 L15645 / L15650



4.6 Time Constant Filter Setting and Characteristics
1 VA A 4

4.6 Time Constant Filter Setting and Characteristics
The following shows how to set the time constant filter and attenuation slope.
The time constant filter characteristic is determined by the following three parameters.
9 Time constant (TC)
9 Attenuation slope (SLOPE)
9 Synchronous filter (SYNC)
Set the filter to remove a ripple caused by the frequency and noise of the signal, or theephbiise
detector (PSD).

PRI/SEC———

AUTO] (DATA
DR
\
SLOPE
PHASE TC|key
DATA . .
AUX (Operationscreen selection key)
TRIG
SCRN) | (UTL ,
EXIT Left/right cursor keys

4.6.1 How to Set the Filter
I n the measurement screen, t he dto50&s usimgrhe efdright c an

cursor keys.

In the operation screen, first press key to go to the following {Time Constant Filter Setting
Screen}.

1) Time Constant Setting

{Time Constant Filter Setting Screen

Press thg TC] soft key to set the time constant

+0.00000 Vv using the MODIFY kob or up/down keys.
FILTER

The settingrange e s t o -B50xeqlkesck ( 1

Tlme Constant

24dB

O Bus to Bks N
H_J

Setting rang:  Current setting

2) Attenuation Slope Setting

{Time Constant Filter Setting Screen

Press th¢ SLOPE] soft key to set the attenuation
FILTER slope using the MODIFY knob or up/down keys.
+0.00000 V T The setting range is 6, 12, 18, 24 dB/oct.

+0.00000 V

Time Constant

TG 100ms

O BdB [ 12dB | 1848 | 24dB /
—~— /
Setting rang  Current setting

+0.00000 V
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4.6 Time Constant Filter Setting and Characteristics

3) Select the Filter
{Time Constant Filter Setting Screer

+0.00000 V

Press thd FILTER ] soft key to set the normal
+0.00000 V : filter (TC filter) and SYNC (synchronous filter)
+0.00000 V using the MODIFY knob or up/down keys.

Time Constant

100ms 24dB

O T1Ccrsme
H_J
Setting rang  Current setting

4.6.2 Time Constant Filter Characteristics

1) Normal Filter
If the synchronous filter funicin is set to OFF, the characteristics areséhof cascadeonnectedl'st
orderlow pass filters (cutoff frequency fc). The attenuation slope per row is 6 dB/oct (20 dB/dec). This
characteristic is that if the frequency is doubled in the attenuatiomregie attenuated to/2 (if the
frequency is increased by 10 times, it is attenuated 10)1 Cascadeonnect the filters in 1 to 4 rows to
obtain an attenuation slope of 6 to 24 dB/oct (20 to 80 dB/dec).

First order low pass filter
] —\ | 6dBJ/oct
PSD 1 12dBI/

] —\ [ | —\ | oct
) —\ [ | —\ | —\ _18dB/OCt

Reference

signal ] —\ ] —\ | —\ | —\ | 24dB/oct
— v

——
1) Cascade connection of normal filters

a) Frequency Characteristics

0 =
10 e — 6dB/oct o
- N
-20 \\\ \\\\N\ S
o -30 AN 3
< -40 NH <
= N <
© 0 N N 8
-60 \\
20 24dB/oct \\ 0 1IF 2F
0.1 1 10 F: Signal frequency
Normalized frequency

Normalized frequency = |frequency difference from sigmaéferenc/ cutoff frequency (fc)
f ¢ = 1 Tihdicdte® thatime constant.
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4.6 Time Constant Filter Setting and Characteristics

b) Equivalent Noise Bandwidth By
-3 dB bandwidth
/ Equivalent noise bandwidth

|<—>| Sensitivity towhite noise is represented by an equivalent noise
bandwidth. The bandwidth of an ideal filter where the
sensitivity to noise (in other words, the RMS value of output
noise) is equal to that of the actual filter is called an equivalent
noise bandwidth of tt filter.

~_ 7

Actual filter Ideal filter

Equivalent noise bandwidthyBof theLI15645 / LI5S650 is double the equivalent noise bandwidth of a
low pass filter that is determined by time constant T and attenuation slope.
1 _1 _ 3 _ 5

J BN12 = J

il B.. =—~ B. =-—_
21 73 B <) < 7]
(corresponding to 6, 12, 18, and 24 dB/oct)

Bne =

RMS value Vm of noise included in the output (measured value) can be obtained using the following
expression, where Vn indicates the noise dengithe input and B indicates the equivalent noise
bandwidth.

Vm=Vn?3 \/B_N

) -3 dB Bandwidth Bszggs

Badg =+ V2 - 1/(pT)

T indicates the time constant, and m=1, 2, 3, 4 (corresponding to 6, 12, 18, 24 dB/oct)

d) Step Response Time
Response yJ to supplying a step signal to the low pass filter after pbassitivedetection is
represented by the following expression.

er  t"t 0
y(o):O, yit)=1-7a e’ However, t > 0.

i T (- 1)ty
T indicates the time constant, and m=1324 (corresponding to 6, 12, 18, 24 dB/oct)

Step Response Time Step Response Waveform
SLOPE (dB/oct) 1.0 | 6dB/oct
Response 6 12 18 24 s |
90 % 23T | 39T | 53T 6.7T S 24dBloct
99 % 46T | 66T | 84T [ 10.0T| |£%6 1
99.9 % 69T | 92T | 11.2T | 134T 204
©

This is the case of an analfiiger. Digital processing £o02
=z

is used for the filterTherefore, he characteristic of 0.0
. i . ) ) 0 2 4 6 8 10 12
this device when the time constant is small varies Time (multiple of T)

slightly from the above.
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2) Synchronous Filter (SYNC)
If the synchronous filter function is set to ON, a moving avefitge whose averaging section is equal
to a multiple of the signal cycle is added to the time constant filter.
If the time constant is decreased in the normal filter, the ripple caused by detection is not attenuated.
Since the time constant must be iras®ed to a certain extent even if noise is small, the output response is
slow in particular at low frequencies.
An integercycle moving average filter significantly attenuates the ripple caused by detection.
Therefore, a higlspeed response can be obtaihgdiecreasing the time constant (almost corresponding
to the averaging section) if noise is small.
If the time constant is smaller than the signal cycle, the step response is set to approximately 1 signal
cycle.
Actually, the normal filter is placed at thear stage of the moving average filter.
Therefore, if the time constant is increased, the response is closer to that of the normal filter (the ripple is
attenuated more significantly).

Frequency characteristics of the moving average filter Configuration of the synchronous filter
(Example: Averaging section = 1 cycle)

é PSD Moving average filter
o
% =~ nH\ |
= \?\/
& Normal filter
Reference cascade
1F 2F sianal connection

Ripple
F: Signal frequency

If you need a higispeed response, set 6 dB/octtfeg attenuation slope. However, the output waveform

looks slightly like a series of steps.
If the signal frequency is increased, the averaging section may deviate slightly from the integer cycle and

the synchronous filter may not reduce the ripple sufiitye
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4.6.3 Auto Setting of Time Constant
Press TIME CONST] in the {Auto Setting Screen} key) to automatically set the time constant
and attenuation slope as shown below according to the frequency.
1 Attenuation slope (SLOPE) =24 dB/oct
1 Synchronous filter (SYNC) = Valid if frequency ~ 100Hz, invalid if frequency > 100Hz
9 Time constant (TC) =10 =+ (2x0 xsignal frequency)
* However, the calculated value is rounded up to the nearest setting value.

The time constant range is 20is  TC =~ 20s.
* Firmware version 1.60 or later

If the measurement fails using auto setting, use manual adjustment.
If the measured value fluctuates due to noise or insufficient ripple removal, increase the time constant.
If you need a faster responsegctkase the time constant.

In general, noise reduction and response time can be balanced better if the attenuation slope is increased
and the time constant is deased. However, if thel5645 / LI5650 is used in an automatic control loop,

the control gstem may be wstable due to the characteristics of a kogtler filter. In such a case, setf/

oct for the attenuation slope. If the ripple caused by detection may not be attenuated sufficiently, consider
using the synchronous filter.

If a DC offsetis included in the PSD input, a ripple of the same frequency as the signal frequency is
included in the phasgetected output. A large time constant is required to remove it.

As a result, the response is slower.

The occurrence of this ripple can be supgedsand an unnecessarily large time constant does not need to
be set by adjusting the PSD input offset to zero.

For details on the adjustment of the PSD input offset5.7 PSD Input Offset Adjustment"
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4.7 Sensitivity and Dynamic Reserve Setting
The following shows how to set the sensitivity (signal $gkle) and dynamic reserve (noise margin).

PRI/SEC
AUTO] (DATA Up/down keys
DR
SLOPE ~
DATA (Operation Screen Selection Keys
REF AUX
TRIG
() (scrw) | (umL
EXIT

4.7.1 How to Set the Sensitivity
In the measurement screen, the sensitivity range can be set for each of the following input connectors using
the up/down keys.

4 Measurement " %2
Input connectot setting Sensitivity range
A \oltage sens_itivity 10nV to 1V
A-B \oltage noise 20NV to 1V *
density
Current sensitivity 100fA to le A
1ME VIAG Current noise o3
| *1 density 1pA 1o le A
Current serivity 10fA to  10nA
100M¢ VIAEC Cu(rjrent.nmse 100fA to  10nA *3
ensity

*1: Only theLI5650 is equipped with théconnector

*2: The magnitude of the signal that is displayed is the root mean square (RMS).
The sensitivity setting value is the full scaleldhe sequence is25.
For details on the display range,
F "9.5 Measured Value Output and Display Section, €) Numeric display"”

*3: When the noise density (NOISE) is displayed, Addz to the unit that is displayedhen
you read it.

*4. The sensitivity settings are retained for eammnector The settings for théd and A-B
connectos are commonly retained, and the settings for the 1 M and 100 M conversior of the
connectorare retained individually.
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In the operation screen, first press (RBENS | key to go to the following {Sensitivity Setting Screen}.
1) Sensitivity Setting

{Sensitivity Setting Screen}

Press thg¢ SENS ] soft key to set the sensitivity using
+0.00000 V the MODIFY knob or up/down keys.

+0.00000 V
+0.00000 V

Sensitivity

LOW HOLD
O 10y o 1V
Setting range Current setting

2) Dynamic Reserve Setting

{Sensitivity Setting Screen}

Press thg¢ DR] soft key to set the dynamic reserve
using the MODIFY knob or up/down keys.

The setting parameters are LOW, MED, and HIGH.
The margin for noise is larger on the HIGH side.

Sensitivity
1V HOLD

O LW | MED | HIGH
—_——

Settingrange

Set a minimum value for theydaric reserve. The

Current settine input referred noise is larger or the drift of the

measured value is larger on the HIGH side.

Yy Dynamic Reserve at a Specific Frequency

i The dynamic reserve value depends on the saturation signal level
Saturation \ i / inside the device at a specifiersitivity (signal full scale) and the
Siieg\?eélll é 1 characteristics of removing noise using the time constant filter. In
Time constant"”" % other words, it depends on the frequency.
filter £ Lo
5)% §§ Dynamic reserve value at a frequency where noise is attenuated
Sensitivity T il :3 £ sufficiently by the time constant filter
(S?Cr;?g“” 0 " For detailsF "9.2 Phase Sensitive Detector Section,
ng\zgggz c) Dynamic Reserve (DR)"

y" Dynamic Reserve for Random Noise
Random noise (wideband noise) &eptable until its peak value reaches the saturation signal level

inside the device. The RMS values of sine wave and noise are equal to each other, but the peak

value of the noise is several times or more larger than that of the sine wave. Set the hsexdc
considering the peak value.

4-27 L15645 / L15650



4.7 Sensitivity and Dynamic Reserve Setting

3) Auto Sensitivity Adjustment Setting
Icon indicating auto sensitivity adjustment is runni

Press thg AUTO] soft key to set HOLD or AUTO for
+0.00000 V the auto sensitivity adjustment using the MODIFY
knob or up/down keys.

{Sensitivity Setting Scree

+0.00000 V

o8 +0.00000 V AUTO continuouyy automatically adjusts the

- DR
Sensitivity i . )
1V~ LOW AUD o sensitvity and dynamic reserve according to the

® HoLD | ALTO

magnitude of the signal and noise.

Y \ HOLD retains the sensitivity and dynamic reserve
Settable parameters ~ Current setng

settings. It sets the manual setting to ON.

Yy Restrictions (Operations in AUTO Mode)
If any of the following operations is perfor med in AUTO, the auto sensitivity setting is
forced to be changed to HOLD.
1 When the offset value is changed using the key and [OFFSET>] soft key.
1 When the arithmetic processing function is changed using the key and
[MATH>] soft key.
When a change is made to the time constant filter settings using the key.
When a change is made to the input connector settings using the key.
When the phase shift amount is changed using the key.
When a change is made to the reference signal settings using the key.
When the sensitivity or dynamic reserve is changed from the measurement screen or

= =4 4 4 -

operation screen.

4.7.2 Sensitivity and Dynamic Reserve Auto Setting
Press th¢SENS] soft key in thel Auto Setting Scregn( key)to automéically set the sensitivity
and dynamic reserve just once according to the magnitude of the signal and noise.
In the following cases, the auto setting is forced to be terednatter switching the sensitivity several
times, so the sensitivity may not be set properly.

1 When the signal fluctuates significantly

1 When the noise is large

1 When the signal is small
If the signal fluctuates significantly, perform the auto sensitivityirgetand then perform the manual
operation in a slightly larger range. If fluctuations due to noise are large, set a larger value for the time
constant and attenuation slope and then perform the auto setting again. If the signal is small, set the
sensitivty and dynamic reserve by manual operation.
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4.7.3 Signal Over-level Display and Monitor Output

If an excessive signal level is detected anywhere on the signal paththed 15645 / LI5650 input to

output and measurement is impossible, an icon is displaythe iscreen.

Overlevel o
Status Description Remedy
Voltage exceeding the maximum Lower the signal level appliet the A
input voltage was detected in tideor B | or B connector

PROTECT connector
Both theA andB connectos are internally
separated temporarily for protection.

INJOUT Both events described inNPUT and| (See below)

OUTPUT below occurred.
Overlevel occurred in the AC Increase the sensitivity (signal fy
amplification part from the signal inp{ scale).
connector to PSD (prima®SD input. Increase the dynamic reserve.
INPUT The PSD input signal can be checkeith | If a DC component is included in th
theMONITOR OUT connector input signal, use the AC coupling.
Set theline filter to ON to attenuate th
noise coming from the power sugpl
Overlevel occurred in the signg Increase the time constant &
processing part of the PSD output (tif attenuation slope to attenuate the nois
constant filter and DC amplification part) Increase the sensitivity (signal fu
The output voltage range scale).

OUTPUT was exceeded as a result of an OFFS Cancel thegrithm_etic processingand
EXPAND, NORMALIZE, RATIO, or | check the origial signals (X, Y, R, AUX
otherarithmetic processing IN 1). Then configure the setting agd
Measirement parameters that are 1 so the output does not exceed
output and displayed are also included maximum level.
the scope.

AUX Excessive input into théAUX IN 1 or | Lower the signal level applied to th
AUX IN 2 connector AUX IN 1 or AUX IN 2 connectar
PROTECT INPUT OUTPUT
L | ,
AO— i
B O W TC Filter bC Amp EXPAND

o f

H_/

(LPF)

PSD

OVER LEVEL DETECTOR

MONITOR OUT
AC Amp
*1  Only the LI5650 is equipped with |

~_ > . < > A C
/\/ 5 '
Lo L normaLIZE

RATIO (a/ b)

AUX IN 1 O—[>—1

AUX IN 2 o—[?
AUX

Over-level Detection Block Diagram
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Overlevel status

MODIFY
O
\
: N
MONITOR UDAT.& QUTZ N
o s =
+3V Zout 50Q 12V Zout 470Q
MONITOR OUT

When more than one event occurs at the same time, their display priority status is according to the above
table.

Do not connect an unnecessary sigoathe LI5645 / LI5650 as he measurementay be affected. A
signal exceeding the maximum input level of the input connector cannot be measured correctly. Check that
the signal level is within the specification range using an oscilloscope, etc.

Yy Monitor Output
The input signal of the PSD (primaPSD) can be checked with tidONITOR OUT connector
If the measurement is not successful, check the monitor output using an oscilloscope, etc.
Gain from the input4, A-B, | *%) to the monitor output isquivalent to the AC gain.
For the AC gain, refer to the sensitivity setting and dynamic reserve setting, and the t&®e in
Phase Detection Part c) Dynamic Reserve (DR)."
For inputl **, multiply it by a factor of the curremit-voltage conversion gai(1® V/A for 1 M and
108 V/A for 100 M).

Note hat the phase is largelghifted by the antialiasing filter, so the monitor output phase
significantly differs from the measured phase. Therefore, it is not suitable for checking the signal

phase.

*1: Only theLI5650 is equipped with théconnector
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4.8 Phase Adjustment
In general, the phase reference (0°) of adockmplifier can be shifted arbitrarily.

The basic usage is to adjust the phase of the reference signal to be applied to the RP8pssYequal

to (d= 0), and then measure the magnitude of the signal in the X output and changes in the phase in the Y
output. Fluctuations due to random noise af@ times larger in the R output than those in the X output.

If the magnitude of the siga | is constant, the Y output close to
minute phase change can be detected with high sensitivity by increasing the EXPAND scale factor (to x10

or x100).

PSD
Reference

PSD Signal
Reference

REF IN REF IN
=PSD reference signal

Phase shift amount=0 I > Phase shift amount = -d

1) Phase Setting
First press the PHASE | key to go to the following Phase Adjustment Scréen

{Phase Adjustment $een}

When you enter the operation screen, you can
move through the digits using the left/right cursor

keys and then set the numerical value using the
MODIFY knob orup/down keys.

Setting range Current set value

Press theZERO] soft key to set the phase shift amount for the reference signal to 0° .
Press the$90°R] soft key toincreasehe phase shift amount for the reference signal By 90
Press the {90°R] soft key todecreas¢he phas shift amount for the reference signal by 90

In theLl 5645 / LI 5650, when increasing (decreasing) the phase shift amount, the phase measurement
value increases (decreases).

2) Auto Phase Adjustment
Press th¢PHASE] soft key in thel Auto Setting Steer} ( key) to set the phase shift amount
for the reference signal just once so the Y outpu
If the auto phase adjustment is executed while the signal is not synchronized with the reference signal,
an error Occrs.
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This chapter describes the more advanced usage that is naccové. Basic Operations”.
For details on dudtequency measuremeft, "6 Dual Frequency Measurement"
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5.1 Measured Value Offset and Expansion
1 VA A 4

5.1 Measured Value Offset and Expansion

An offset (OFFSET) canebappliel to the measured value @ady).

A fixed crosstalk component included in the input signal can be canceled using the offset function.
Furthermore, offset adjustment can be performed to bring the measured value close to zero and
expand (EXPAND) arsall change and observe it.

: Signal
Y oo -

Y OFFSET
1

—_———————

~
X

X OFFSET

PSD reference signal

>

{FineMeasurement Screen} L ) )
_ When the offset function is set to ON, tH@FS' icon is

displayed in the measurement data field.

The offset adjustment value is displayed in MATH
+0.00000 V SETTING on the dwer right corner of thefine
Measuremerfscreen.

When the EXPAND function is set to ON, an icon
showing a setting expansion value such"a$0" is
displayed in the measurement data field.

First press the DATA | key to go to the following {Output Signal Setting Screen}.

{Output Signal Setting Screen}

o
&
f
©

pd
==
=
o
5
=
p

+0.00000 V

DR S~

()| (sews) (Tc)
SLOPE DATA | key
)| (ze (Operation screen selectiol
DATA T

REF]) [(AUX) | key) Y
e Data Out

R

D SCRN uTiL DATAT DATAZ DATAS DaTAL
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5.1 Measured Value Offset and Expansion

1) Offset

{Offset Adjustment Screen} Next press the [OFFSET>] soft key to go to the
{Offset Setting Screen}

Press th¢ OFFSET] soft key to move ttough the digits
+0.00000 V X|Y using the leftright cursor keys and then set the

numerical value using the MODIFY knob or up/down

DATA > Offset X

2343 O keys.
+/ 105.000%
- \ ON/OFF forthe Pressth¢X Y] soft key to select the target (X or Y) to
Setting range function set the offset value.
Current set Offset target
value Press th§ ON OFF] soft key to switch between ON

and OFF for the offset adjustment. The offset value can
be set individually for X and Y.

Press thg AUTO once] soft key to execute the auto @fsadjustment only once to set the X and Y
outputs to zero. When the auto setting is completed, the offset adjustment is set to ON.

2) Expansion

{Expansion Setting Screen} Next press thé MATH> ] soft key to go to the ¥lath
Selection Screen} Select "EXPAND" using the
MODIFY knob or up/down keysto display the

[ EXPAND> ] soft key.

Press the [ EXPAND> ] soft key to go to the {Expansion
Setting Screen}.

> MATH > Expand
RX: Y:1
@ 1101100

— Press thd RX ] or [ Y ] soft key to set the expansion

Setting range - \cyrrent set valu value {x1 x10 x100} using the MODIFY knob or
up/down keys.

The expansion value for measurement data R and X is
shared and the expansion value for Y is set individually.
The apparersensitivity(signal full scaleran be expaded0.1times or0.01times using EXPAND.

Yy Restrictions
Only PSDoutputs X, Y, and R can be expanded. If the X and Y offset adjustment is performed, the
adjusted value is expanded.
Other parameters (phase, noise density, and AUX IN) cannot be expanded.
EXPAND is not exectd while the normalizarithmetic processingr ratio arithmetic processinig
executed.
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5.2 Line Frequency Noise Removal
1 VA A 4

5.2 Line Frequency Noise Removal
A line filter (notch filter) to remove noise from the power supply included in the input signal is available.
Line frequency noise removal has the following benefits.
1 Dynamic reserve can be set to a smaller value to improve the measurement accuracy.
1 Time constant and attenuation slope can be set to a smaller value to increase the
response speed.
However, the transiemesponse of théne filter may impact the measurement.

To set thdine filter, first press the SIG | key to go to the {Input Signal Selection Screen}.

{Line Filter Setting Screen} Next press thg LINE NOTCH> ] soft key to go to the
{Line Filter Setting Screen}.

The frequency of théine filter can beselected from
{THRU 50Hz 100Hz 50Hz&100HZz} using the

+0.00000 V MODIFY knob or up/down keys.

SIG > Line Notch Press th¢ LINE FREQ> ] soft key to go to thel{ine
@HZ‘ e LINE FREQ> Frequency Selection Screen}.
| S — Theline frequency (fundamental wave) can be selected
Setting range Current setting from {50 Hz 60Hz} using the MODIF knob or

up/down keys.

80 90 100 110 120 130 140
0 —— —— —— ——— —
. ™ A /]

N/ N/
15 r:'>CO,:100 HZ\ / \ /:SCO,:1i20 Hz
\l/ \l[ e,
| |

40 45 50 55 60 65 70

Gain dB

Figure 5-1 Line Filter Characteristics

50Hz (60Hz) and 10(Hz (120Hz) can be cascade connected. The approximate characteristic of the
measured value is corrected up tcaingf about-6 dB to prevent the attenuation. If the correction limit is
exceeded, the correction amount is fixed to the limit value.
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5.3 Harmonic Measurement (Harmonic, Subharmonic, Fractional Harmonic)
1 y A A 4

5.3 Harmonic Measurement (Harmonic, Subharmonic, Fractional
Harmonic)

Fundamental wave (F), harmonic (n x F), subharmdnicrfl), and fractional harmonic (n x F / m) can be

measured, where F is the frequency of the reference signal.

{Harmonic Setting Screen} To set the harmonic measurement, first press the

key to go to the {Reference Signal Setting
Screen}.

o e o +0.00000 V Next press the[ HMNC> ] soft key to go to the
REF > Harmonics {Harmonic Setting Screen}.
@13213 7710 (F/m) Press thg HARMONICS] soft key to select ON or OFF
— for the harmonic using the MODIFY knob or up/down
Setting range Current setting keys.

Press thgn] soft key for the order of the harmonic and press [the] soft key for the order of the
subharmonic to move through the digits using the left/right cursor keys and then set the numerical value
using the MODIFY knob or up/down keys.

The setting rangesil to 63 for both n and m.

If the harmonic setting is set to ON, small lette't is added to the measurement parameter regardless of
the harmonic order.

Yy Restrictions
1 If the measurement signal (SIGNA L) is selected for the reference signal source, the
harmonic order is always 1 regardless of the harmonic setting of n or m.
1 The frequency range of the harmonic that can be measured is limited to the
synchrono us frequency range of each input.
If the synchronous frequency range is exceeded, "OVER-FREQ" or "UNDER -FREQ" is
displayed in the frequency display field.
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5.4 External 10 MHz Synchronization
1 VA A 4

5.4 External 10 MHz Synchronization
The frequency reference source of th8645 / LI5650 canbe synchronized with other devices (such as a

signal generator).

If an external 10 MHz frequency reference source is connected 1@kMdz IN connectorthe frequency
synthesizer comprising the internal oscillator of the645 / LI 5650 is synchronizedavith the external

10 MHz.

Synchronizing operation allows synchronization to any frequency (can be configured) without having to
use an external reference sigrREEF IN). It makes it possible to perform measurements synchronized not
only with the numericaValue setting (INT OSC) but also with an external reference sigidF (N) or

measured signal (SIGNAL).

However, the phase does not match, so phase adjustment is required every time the frequency is changed.
In general, once the signal (oscillation) stoihe phase is shifted, so phase adjustment is required again.

External 10 MHz specifications

& 10MHzIN THIG N For detailsF "9.3 Reference Signal System c) Internal Oscillator

External Reference Frequency"

TTL LI5645 / LI15650
EXT OSC SIGNAL PSD DATA
Frequency System INPUT > OUT

»| Under X >
- Test
10MHz IN oscC
ouT
10MHz IN
Y >
oS ToMra /) INT OSC
z REF OUT

Frequency Frequency

source (Numerical value)

Figure 5-2 10 MHz Synchronous System Example

To set the external 10 MHz, first press key to go to the {Reference Signal Settinge®er}.

{External 10 MHz Setting Screen} Next press thd OSC SET>] soft key to go to the
{Internal Oscillation Setting Screen}.
Press thg 10MHz In>] soft key to go to the {External 10
MHz Setting Screen}.
‘ ON or OFF can be selected using the MODIFY knob or
> 0SC SET > 10MHz In up/down keys.
ON . . .
If ON is set,the EEMEE icon is displayed.
If a 10MHz signal is input fromthe 10MHz IN connector
Current setting in this state, the color of the icon chandt@¥z] and
synchronization is established.
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5.5 Arithmetic Processing (Normalize and Ratio)
1 VA A 4

5.5 Arithmetic Processing (Normalize and Ratio)
To perform a arithmetic processinfnormalizeor ratio), first press th key to go to the {Output
Signal Setting Screen}.

{Math SelectionScreen}
Next press the [ MATH>] soft key to go to the
{Math Selection Screen}.

+0.000% mmm

Select arithmetic processing function EXPAND,
NORMALIZE, or RATIO using the MODIFY
knob or up/down keys to display the soft key for

+0.000%
+0.00000 V

,
DATA > Math

each arithm etic processing.
k€] C[)EF@ %%AMP\MIRATIO P 9
Settable parameters Current sding Press the selecteatithmetic processing soft key to set

eacharithmeticprocessindunction
5.5.1 Normalize (%, dB, etc.)
The ratio of measured values X and R to the standard value and ser(sitivig} full scale) can be output

and displayed in % or dB.

1) Select the Operation Expression

{Normalize Setting Screen}

Press the [ NORMALIZE ] soft key to go to the
+0.000% g {Norma lize Setting Screen}.

o The normalize arithmetic expression can be
+0.000% USERUNIT

selected using the MODIFY knob or up/dow n
+0.00000 V

keys.

N (measured value + standard value) x 100
(%]
Display range is +240%

% . v
OdB |%m1 00000 S

H_J

Settable parameters  Current setting

ndB 20 x logio (| measured value + standard
value|) [dB]
Display range is £120 dB

N %FS (measured value + sensitivity setting) X
100 [%FS]
Display range is £120% of FS
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5.5 Arithmetic Processing (Normalize and Ratio)

2) Standard Value Setting

{Standard Value Setting Screen}
Press the [STD>] soft key to go to the {Standard

Valu e Setting Screen}.

+0.000%

Move through the digits using the left/right
+0.000%

+0.00000 V

ndard

cursor keys and then set the numerical value

> NORM > Sta using the MODIFY knob or up/down keys.

o %  [00000 Vv ___ The setting range is as follo ws.

Tn¥ to 10V

\ ) N Voltage: 1 nV to 10 V (6 -digit resolution)
Settable parameters  Current set value nCurrent: 1 fA to 1 TA

(6-digit resolution , LI5650 only)
The setting range is switched for the voltage
measurement and curr ent measurement.

3) User Unit Setting

{Normalize Setting Screen}

Press thd USER UNIT] soft key to move ttough the
digits using the left/right cursor keys and set the user
unit string (1 to 3 characters) using the MODIFY knob
or up/down kgs.

% 1.00000 V usfd The user unit string is displayed in place of the normal
A a7 (-04E- / . .
\ ) / unit (%, etc). Alphanumeric characters-ZA az, 0-9)
Settable characte Current setting and ®me symbols (#, @), and blank can be used. If
" "is set, a blank " is displayed.
Reset or press th key to display'’ " in the setting screen and restore the normal unit.

Yy Restrictions
The normalizarithmetic processing performed foPSDoutputs X and R. The normalizgithmetic
processings not performed for otherpaa met er s (Y, d, noise density, a
The normalizearithmetic processingannot be executed while the ratidthmetic processingr
EXPAND arithmetic processinig executed.
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5.5 Arithmetic Processing (Normalize and Ratio)

5.5.2 Ratio Measurement

The LI5645 / LI5650 outputs and displayBSD outputsX, Y, and R as a ratio to the signal{X IN 1)

that is used as a reference to the magnitude.

If a sample inserted into the signal path is measured in a situation where the characteristics of the signal
source and sensor fluctuate, measure the charéicedéthe path that is used as a reference separately and
obtain the ratio of them to correct the fluctuations in the common part to ensure that the measurement is
correct. A dual beam method shown below measures the characteristics of the path gbdtas a
reference at a different frequency using two loctkmplifiers to obtain a result where the characteristics of

the light source and sensor are corrected.

Light Sample
source cell f1&f ) "
fq1 ! Lock-in Amplifire 1
1 Sensor
1
1 A a
_-Ef > X RATIO | |°YT
%.: —> alb
RerIN]| 1
AUX IN 1

Reference
e Ce”

Light chopper b
or f1 ><

Optical modulator

Lock-in Amplifire 2

Figure 5-3 Ratio Measurement Application Example (Dual Beam Method)

TheLI5650 can perform this ratio measurement by itself.
For detailsF "6.9 Ratio Measurement (Dual Frequency Measurement)"

1) Ratio Setting

{Ratio Setting Screg Press the [ K] soft key in the {Ratio Setting

Screen} to move through the digit s using the

+0.00000 RATID

left/right cursor keys and then set the K constant

using the MODIFY knob or up/down keys.
+0.00000 RATIO

o +0.00000 RATIO

MATH > Ratio

RATIOI1 f1-00000
(Aoltw10 \
H_J

Setting range Current set value

Ratio display value = K x (A + B)
K : Ratio scale factor setting value
(Range 0.1 to 10, 6-digit resolution)
A : Measurement display values (X,Y, R) =+
sensitivity setting value
Value after the X and Y offset adjustment
is performed .
B:AUXIN1 ¢VeE~+10V
Ratio display range is 2.4
If the ratio calculation result is +2.0, the analog
output is +10 V.
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5.5 Arithmetic Processing (Normalize and Ratio)

1 VA A 4
2) Reference Value (AUX IN 1)

A reference signal is input into thEeUX IN 1 connectoron the rear

panel. )) A aux N

The reference signal that is used as te@othinator of the ratio 1

arithmetic expressiomust be 1 V or more (the maximum allowable
input voltage is +12 V) to reduce an error.

Although the frequency bandwidth of AUX IN iskblz, the maximum
update rate of B is about 10k samples/s, arapally changing signal
cannot be followedSo input a slowly changing signal of about
100Hz or less.

+12v IMQ

Yy Restrictions
The ratio arithmetic processings performed forPSD outputs X, Y, and R. The ratiarithmetic
processing s not performed for other parameters
The ratioarithmetic processingannot be executed while the nalime arithmetic processingr
EXPAND arithmetic processinig executed.
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5.6 Noise Density Measurement

5.6 Noise Density Measurement
5.6.1 Noise Density Measurement Operation
The following shows how to measure the noise density.

First press the DATA | key to go to the {Output Signal Settiggreen}.

{Output Signal Setting Screen}

PRI/SEC
()| (auto) (DATA Tk
DR ~\ +0.
- ey
SLOPE (Operation screen

+Q. v
L) selection key) e
DATA a e v +0.00000 V
) AUX
—— Data Out

R 0

D S[grﬁ” L DATA1 DATAZ [ATAS DATAZL

1) Display the Noise Density

{Basic Measurement Parameter Setting Scree

DATA2,
changed.)

DATA > Basic
NOIS AUXT X v

DATAT DATAZ DATA3 DATA4

To display the noise density, press the
soft key and then the [ NOISE-AUXL1 ] soft key.
NOISE and AUX IN 1 are set in DATAL1 and
respectively. (Other settings are not

[BASIC>]

DATA > Custom

Press the [ CUSTOM>] soft key and then the
[ DATAL ] soft key to select "NOIS" using the
MODIFY knob or up/down keys. NOISE is set in
DATAL. (Other settings are not changed.)

X Y

OUTPUT>
O KR TAUN |WOIS

2) Set the Time Constant

For the time constant (TC), setnk or more, or a valuef A0 times or more the signal cycle to be
measured, and for the attenuation slope (SLOPE), set aboBt @dt, if there is no particular problem.

If the time constant and attenuation slope are too small, noise at distant frequencies or a ripple/ caused b
phasesensitivedetection may also be measured together. Therefore, the noise density may appear to be

larger.

If the noise density decreases by increasing the time constant and attenuation slope, the time constant

and attenuation slope are too smalltHé time constant is increased, it takes longer to perform the

measurement, so perform the manual adjustment as needed.
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5.6 Noise Density Measurement

3) Set the Smoothing Factor

ata Out
AUX1 X

ONT | N | Wssueg

+0.00000 V

{Output Signal Setting Screen}

H_J

Setting range

Current setting

If you return to the {Output Signal Setting
Screen}, the [NOISE] soft key is display ed.
Press the [ NOISE ] soft key to set the smoothing
factor (1, 4, 16, 64) using the MODIFY knob or
up/down keys.

Display example) N16: Smoothing factor = 16

If the smoothing factor is multiplied by 4 ,
the fluctuations of the measured value d ecrease
to about a half.

However, it takes a long time until the measured value is stabiBBedbserving the variation of the
following equation over timereadthe median value, and use it as the measurement result.
200 x smoothingdctor x time constafitin second@

4) Set the Sensitivity
The measurement full scale of the noise density is set in SENS (sensitivity).

Input connector Measu_r ement Sensitivity range*
setting
\oltage noise .3
A AB density 20nV to 1V
Current noise 3
L 1IME VIAG density 1pA to 1leg A
Current noise 3
100ME VIAG density 100fA to 10nA
*1 : Only theLI5650 is equipped with théconnector
*2 : The sensitivity setting value of the noise density is the full scale and the sequefie® is 1
For detailson the display range,
F "9.5 Measured Value Output and Display Section, €) Numeric display"”
*3 : The units of the noise density (NOISE) are wiRlHz (voltage) and Arms+yHz (current).
Only V or A is displayed in the measurement screen.
Add  +Hz tothe unit that is displayed when you read it.
If there is the same frequency componenth&s measurement frequency, the noise density cannot be

measured correctly. Furthermore, if a noise other than the measurement frequency is large, the dynamic
reserve must be increased.

If "OVER" is displayed even if the measured value is sufficiently smtihn the full scale, increase the
dynamic reserve or increase the sensitivity (signal full scale). However, if the dynamic reserve is

increased, the inpugferrednoiseof this device incre@s.
There is a relationship for white noise as shown below.

Noise density measured valaq/ Inputreferred noisedensityof thisdevicé + Inputsignalnoisedensitf
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5.6 Noise Density Measurement

Noise density 4.5 nWHz (supplementaryalue) in the specifications is thathen the dynamic
reserve is LOWL kHz and the sensitivity is 1 mV or less.

A noise smaller than that dhe LI5645 / LI5650 cannot be measured. Use an externaknhoige
preamplifier (NF CorporationSA seriesgtc.) to amlify the noise and measure it.

Y Supplementary Explanation
There are some cautions for the noise density measurement.
1 The noise density measurement results vary depending on the selection of the
sensitivity, dynamic reserve, time constant, and attenuation slope.
1 If the time constant and attenuation slope are too small, other signals may be
measured together.
When the sensitivity and time constant settings are determined, check the noise density
of the LI5645/ LI5650 in a non-input -signal state. For the voltage measurement,
short -circuit the input, and for the current measurement, open the input circuit (cover
the input connector with a shield cap to protect against ambient noise) and measure the
noise.
Then input the signal (noise) to be measured and check that the measured noise is
sufficiently larger than  the previously mearured LI 5645 /LI 5650 's own noise.

5.6.2 Noise Density Measurement Principle
If the RMS value (Vm) of a signal is measured by passing it through a filter with an equivalent noise
bandwidth of B, the noise density (\Jrcan be obtained by the following formula.

Vn :Vm/\/B_N

A lock-in amplifier works as a band pass filter that uses the frequency (fr) of the reference signal as the
center frequency. A normal measurement measures only the center frequencyolagét measurement
measures the RMS values of all components of the band.

Actually a high pass filter is installed after a band limiting filter to remove the reference signal frequency
components (DC components after pheesesitivedetection) and obtaité RMS values. This prevents the
influence of leakin of the reference signal and the periodic fluctuations of the measured noise values.

The equivalent noise bandwidthu,gBfor the noise measurement is a little narrower than that for measuring
the magniide of a signal. Therefore, the noise density is calculated using the equivalent noise bandwidth
for the noise density.

<> Bn BN/2 Bbp/2 < Bn/2
PSD HPF ;% %

0(DC) 0(DC)

For a normal measurement, For a noise density measurement, calculate
obtain the DC components. from the total RMS value in band and
equivalent noise bandwidth.

Figure 5-4 Noise Measurement and Bandwidth
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5.7 PSD Input Offset Adjustment

5.7 PSD Input Offset Adjustment
ThelLl5645 / LI5650 has a function to cancel the DC offset of the PSD input.

If a DC component is included in the PSD input, a 1F ripple that is equal to the measurement frequency (F)
occurs in the detection output. A large time constant is required to remot€ tfiygple. This slows the

output response. If a higgpeed response is needed at high frequencies, it is recommended to perform the
PSD input offset adjustment. It is useful to use a synchronous filter at low frgqueasurement.

DC psp

SIG Pb‘gb[ P%Aﬂv
e A
0 1F 2F Frequency

If a large DC omponent is included in the input signal, set AC for the input coupling.
The PSD offset adjustment function of 1h&645 / LI5650 cancels a small DC offset that occurs inlthe
5645 / L15650.

_~ TC Filter

1) PSD Input Offset Adjustment Operation

{PSD Adjustment Screen}

e First press th key to go to the {Time Constant
+0.00000 V S Setting Screen}.

e Press thg PSD ADJ>] soft key to go to the {PSD

SEG : ~+0.00000 V DEFAULT Adjustment Screen}.

0 +0.00000 V

TC > PSD Adj
HOLD e

() 200ms | 750ms | 3000ms

SETLG TIVE To perform the auto adjustment of the PSD input

offset only once, press thAUTO once>] soft key.

{PSD Adjustment Confirmation Screen’ ~ The {PSD Adjustment Confirmah Screen} is
displayed. Keep the input connector in a +signal
state.

Press the[ Exec ] soft key to execute the auto
adjustment.

Press thg¢ Cancel] soft key to go back to the previous

PSD ADJ > Auto Once

input signal ...zero
setting ig fixed

>

screen.

A How to Set the Input Signal to Zero

\oltage measurement: Shortcircuit the input connectorusig a short plug or 50
Current measurement: Cover the input connector with a shield cap or leave it open.
If the center cotactis not shielded and is open, keep metals and dielectric
materials where the potential fluctuates away from itptevent noise
coupling.
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5.7 PSD Input Offset Adjustment

A Preparations
The following preparations are needed to execute AUTO once.
9 Determine the actual operating conditions.
If measurement conditions such as the signal input connector and sensitivity are
changed, adjustment is required again.
9 Set the input signal to zero.
9 Perform the warm -up appropriately.
It can reduce drift after the adjustment.
Furthermore, keep the power voltage and ambient temperature as constant as possible.
If the continuousauto adjustment operation is used, thpeeparations are not needed.

2) PSD Input Offset Continuous Auto Adjustment Operation

{PSD Adjustment Screen}
; Press thd AUTO] soft keyfrom the {PSD Adjustmet

Screen} to select AUTO or HOLD in tleantinuousauto

setting using the MODIFY knob or up/down keys.

g LY N AUTO : Paforms the continuous auto adjustment

SETLGTIME operation.

N HOLD : Holds the last adjustment value.

+0.00000 V

TC > PSD Adj
AUTO 3000ms
(® 200ms | 750ms | 3000ms

v . The PSD icon is dispj@d during the execution of the
Settable parameters  Current setting continuousauto adjustment operation.

Press th¢ DEFAULT] soft key toreset the adjustment value to the dagtdefault value and hold it.

Press th¢ SETLG TIME] soft key b set 200ms, 750ms,
or 3000ms for the settling time using the MODIFY knob
or up/down keys.

100%

\
\

The input offset (DC component) can be adjusted up tg \
25% offull-scale sensitivity B N\

. . . . . 0% ~— y 2%
The setling time refers to the time it takes for the input[ SETLaTIvME

offset to settle to approximately 2% if it is 100%. —
PP y =7 ° Respone characteristics (for the

continuousauto adjustment operatior

For the continuousauto adjustment operation, the signal gain decreases at low frequencies so a
measurement error increases.

Use approximately 320 Hz more if 200 ms is set, 85 Hz or more if 750 ms is set, and 21 Hz or more if
3000 ms is set.

If the adjustment range is exceeded, the maximum adjustment value is set. At this point, an error
message is not displayed.
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5.8 DC Voltage Measurement (AUX IN)
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5.8 DC Voltage Measurement (AUX IN)

TheL15645 / LI5650 is equipped with twaonnectos for DC voltage measurement on the rear panel.

1 Mq

AUX IN (O ? AN

) A pux s42pesk :l>
1 2 i
/—;—\ = q

AN AN

o 77
+42Vpeak DC+AC
+12V 1IMQ ﬁ7 d7

AUX IN input circuit

The measurement voltage range is £12 V and the display resolution is 0.001 V.

The sampling rate is 125 k samples/s, and the frequency bandwigprigianately 5 kHz £3 dB).

The maximum input voltage (natestructive) is +42 V between the cerntentactof the BNC connector
and theoutercontact and 42 Vpeak (DC+AC) between the cerentactand the enclosuras well as
between theutercontactand the enclosure.

Ensure that the potentiaf the signal groundotercontacj is the same as the enclosure potential (ground
potential) as much as possible.

If the potentiaof the signal groundofutercontacj exceeds the range of +1 V from the escire potential

or fluctuates at a frequency exceeding 1 kHz, an additional error may occur.

If measurements fluctuate significantly, increase the smoothing time constant (narrow the bandwidth) to
reduce the fluctuations. However, this slows the response.

If the input volage changes in stepwise mannethe time it takes for the measured value to settle to
99.9% of the final value is approximately 7 times the time constant.

The following shows how to measure the DC voltage.
First press the DATA | key to go to the {Output Signal Setting Screen}.

{Output Signal Setting Screen}

-

) ,\ © +0.00000 V
DR

| e _key e ¢

SLOPE (Operatlon screen 3% +0.00000 V

selection key) N Y +0.00000 V

REF AUX at Out
R X Y

DATAT DATAZ DATAS DATAS

o
B
=

7]
=
@]
o
=
7]
m

-
=
[2]

i
a
2
5
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5.8 DC Voltage Measurement (AUX IN)

1) Display AUX

{Basic Measurement Parameter Setting Scre:

DATA > Basic
NOIS AUX1 X Y

DATAT DATAZ DATA3 DATA4

CQUTPUT>

O KR AUKI |NOTS

2) Set the Smoothing Time Constant

Press the[ BASIC> ] soft key and then the
[ AUX1-AUX2] soft key.

AUX1 and AUX2 are set in DATA1 and DATAZ2,
respectively. (Other settings are not changed.)

Press he [ CUSTOM> ] soft key and then the
[ DATAL1l ] soft key to select"AUX1" using the
MODIFY knob or up/down keys.

Press the[ DATA2 | soft key to select’AUX1" or
"AUX2" using the MODIFY knob or up/down keys.
(Other settings are not changed.)

First press the AUX | key to go to the {Auxiliary I/O Setting Screen}.

PRI/SEC
AUTO) (DATA
DR
SLOPE
) PHASE / key
DATA
()| (rReF) (Aux)” )
TRiG selection key)
() (scrw) | (umL
EXIT

§ +0.00000 V
AUX > Aux In1 TC

2000ps| B
@ THRU | 125us | 5bXes | 2000us 0.FEIE
- %
h'd

Settable parameters Current set
value

{Auxiliary /O Setting Screen}

ALK TN

+0.000 VDC
+0.000 VDC 1>
+0.00000 Vv

(Operation screen ‘* +0.00000 v

Press thg AUX IN>] soft key from the {Auxiliary 1/O
Settng Screen} to go to the {Auxiliary Input Setting
Screen}.

Then, to set the smoothing time constantAbkxX IN1,
press theg IN1 ] soft key to select the time constant
using the MODIFY knob or up/down keys.

To set the same for AUX IN2, press {H&2 ] soft key

to perform tle same operation.
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5.9 DC Voltage Output (AUX OUT)
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5.9 DC Voltage Output (AUX OUT)

The LI15645 / LI5650 is equipped with two DC voltage outptinnectos on
the rear panel. The output impedancegspr oxi mat el y 1 Kk
The signal ground of the DC output voltagennectoris connected to the ‘

enclosure.

3105V Zout 1kQ

First press th : key to go to the {Auxiliary I/O Setting Screen}.

{Auxiliary I/O Setting Screen}

PR/SEC
) DA

DR +0.000 VDC
CJ e +0.000 VDG
SLOPE . -

) PHASE / key +0.00000 V
DATA = (A (Operation screen : floamas v +0.00000 V
TRIG selection key)

{Auxiliary Output Setting Screen} Press thg AUX OUT>] soft key from the {Auxiliary 1/0
Setting Sceen} to go to the {Auxiliary Output Setting
Screen}.

To set the output voltage value fAUX OUTL, press the
[OUT1] soft key to move through the digits using the
left/right cursor keys and then set the numerical value using

AUX > Aux Out]

@H_%%QCOO@U the MODIFY knob or up/down k.
- — \ To set the same fdkUX OUT2, press th¢ OUT2] soft key
Setting rang  Current set value to perform the same operation.
The output voltage range is +10.500V and the resolution is
0.001 V.
—— /\ CAUTION
Do not apply a voltage to the output connector from outside. The internal circuit may be
damaged. There is an output current | in
more.
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5.10 Supplying Power to the Preamplifier
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5.10 Supplying Power to the Preamplifier
When you use a separately sold NF Corporation's preamplif BV(NOISE AMPLIFIERSA series), it is

recommended to use a recommended power supPW(NOISE DC POWER SUPPLYP series, etc).

In general, a preamplifier and its power supply are more immune to external noise if they are installed near
the signal source. Lay the signal groumides (reference potential) of the signal source and amplifier as
close to each other as possible to reduce the influence of comoum noise, and amplify a signal and

then transmit it to make it more immune to the influence of noise.

If you do not needn particular a low noise, power can be

& supplied to the preamplifier from tHeREAMP POWER
%%WU:[? connector on the rear panel of tH&645 / L15650.

The power supply specification is 15 V / 100 mA

max.
The potential of the 0 V line is the same as that of
Ground terminal for the outer contact of the signal input connector.

guard ;
(Enclosure ground) Lay the power cable along the signal cable to reduce

the ground loop.

Pin numbers and
connections

1: +15V

2: 0V

3. =15V

4. 0V

Hirose HR10 -7R-4S (73)

Applicable Preamplifiers
The following preamplifiers were verified to work with thE5645 / LI 5650.
1 WIDEBAND CURRENT AMPLIFIERSA-600 series
1 LOW NOISE AMPLIFIERSA-400 series

This information is valid at the point when this instruction manual was prepared. For the latest
information, consult with NF Corporation or one of our representatives.

—— /\ CAUTION

Do not connect a device whose compatibility NF Corporation did not certify to the
PREAMP POWER connector. Otherwise, the connected device or the LI5645 / LI5650
may be damaged or injury may result.
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5.11 Setting Memory

5.11 Setting Memory

The LI5645 / LI5650 is equipped with 9 sets of setting memory. Frequently used settings can be stored in

the setting memory and recalled whey they are needed.
To save settings to the setting memory or recall them, first pre key to go to the {Utility

Screen}.
PRI/SEC—————————
)
DR
()| (sens
SLOPE
QM (si6) (s UTIL | key
) AUX (Operation screen
TRIG p .
SCRN) | (UTIL selection key)
O G

1) Select the Setting Memory

{Setting Memory Screen}

MEM Ma.

+0.00000 V

+0 00000 V

UTIL > Memory

CDUES memory#1

H_J

Selection range

Current setting

2) Change the Setting Memory Name
{Setting Memory Screen}

MEM M.

+0.00000 V

NAME

UTLL > Memory

memory#l
QO A-Za—a0-0- \ CLR
-

Settable charaers Current setting

{Utility Screen}

+0.00000 V

+0.00000 V
+0.00000 V

Utility

Press the] MEMORY> ] soft key from the {Utility
Screen} to go to the {Setting Memory Screen}.

To select the setting memory, press tNEM No.] soft
key to select a number from 0 to 9 using the MODIFY
knob or up/down keys.

Setting memory'0" stores the setting values (resume
memory) just before the power is turned off or shut off.
When the power is turned on, setting membdy is
recalled.

To change the setting memory name, pres$NAeME |
soft key to move through the positions using the
left/right cursor keys ah then set the memory name (1
to 8 characters) using the MODiFknob or up/down
keys.

Alphanumeric characters (&, az, and 89) and some
symbols(#, @,-) can be used.

A change of name is applied immediately so therois
check work.
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5.11 Setting Memory

3) Recall the Setting Memory

{Setting Memory Recall Screen}

> ME]M > Recall l
g
memory y\

Recall this setting memor

Selected setting memory

4) Save to the Setting Memory

{Setting Memory Save Screen}

> MEM > Save

1 memory#l

Save the current settings

5) Clear the Setting Memory
{Setting Memory Clear Screen}

+0.00000 V¥

MEM > Clear

1 memory#]

Clear this setting memory

To recall the setting memory selected in the {Setting
Memory Screen}, press éf RECALL>] soft key. The
confirmation screen is displayed. To execute the recall,
press the Exec] soft key, and to cancel it, press the
[Cancel] soft key.

The setting memory numbers to be recalled are 0 to 9.

To save the setting to the settingmuey selected in the
{Setting Memory Screen}, press thESAVE>] soft key.
The confirmation screen is displayed. To execute it,
press the Exec] soft key, and to cancel it, press the
[Cancel ] soft key.

The settingmemory numbers to which the settirandoe
saved are 1to 9.

To clear the setting memory selected in tt&etfing
Memory Screen}, press theCLEAR>] soft key. The
confirmation screen is displayed. To execute it, press the
[Exec] soft key, andto cancel it, press thg Cancel ]

soft key.

The setting memory numbers that can be cleared are
1to 9.
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5.12 Other Functions
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5.12 Other Functions
5.12.1 Disable the Panel Operation (KEY LOCK) LOCAL

(CLR]
If you wish to disable the pa&l key and knob operations tprevent 7 (REYLOGK
misoperation, hold down th key for at least 2 seconds in the <7 | AMP OFF

measurement screen to turn on the KEY LOCK lamp. Once the lamp turns oryY RELEASE
release the key immediately.

The front panel keys and knob cannot be operated while the KEY LOCK lamp is ON. However, they can
be used for the lampff operation and key lock and largff cancellation.

5.12.2 Lamp Off (LAMP OFF)

If you wish to avoid interference from ambient light in optical measurement, hold do key

for at least 2 seconds to turn on the KEY LOCK lamp and continue to hold it down for at least another 2
seconds to turn off all lamps and the display backlight. When they turn off, release the key. Both the key
lock and lampoff are set to ON.

Thelamp of the LAN connector on the rear panel also turns @munctionwith the lampoff.

A Key Lock and Lamp-off Cancellation (RELEASE)
Hold down the key for at least 2 seconds in the lanfpstate to cancel both thHeey lock
and lampoff states When the power is turned off and then on, both the functions are canceled.

A LOCAL Key (Remote Control)
Press th key at remote mode (panel operation disable and REMOTE lamp ON) to restore
the local mode (panel operation enabled).
For detailsF " LI15645/LI5650 Instruction Manual (Remote Control)"
" 2. Switching between remote/local states™
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6 Dual Frequency Measurement (L5650 only)///
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This chapter describes the dulitquency measurement (detection modes DUAL1, DUAL2, and
CASCADE).Only theLI5650 is equipped withhis function.
The same operations as those of the single frequency measurement (detection mode SINGLE) are omitted.

Before reding this chapter, read the description of the operations for the fiagleencymeasurement
(Chapters 4 and 5).
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6.1 Overview of the Dual Frequency Measurement
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6.1 Overview of the Dual Frequency Measurement

The LI5650 is equipped with two dugdhase primary and secondd$Ds. This enables two freqouey
components included in a single input signal to be measured simultaneoudly5&&@ has the following
four detection modes, which also apply to the normal single frequency measurement.

6.1.1 SINGLE (Single Frequency Measurement)

Performs a normal singfeequency measurement.

A signal component of a fundamenfaéquency(F) or fractional harmonidrequency(n x F / m) is
measured, where F is the frequency of the reference signal. The sed®@Dégynot used.

Primary PSD
(Dual phase)
oo . LPF DC AMP
! 1
AC AMP : l_,@ - X
SIGNAL | I !
1
INPUT | ! L ! ~ y
1 \ N
\ 7

REF IN— pLL —¢ """"
Fp [ N
m

INT OSC

Setting Frequency Range

Signal Primary PSD
input Reference Primary frequency
signal source (Fp) range
REF IN
SIN POS 0.3 Hz to 260kHz
A
A;B REF IN
TTL POS
TTLNEG 0.5 mHz to 260kH
INT OSC
SIGNAL
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6.1 Overview of the Dual Frequency Measurement

6.1.2 DUAL1 (Fractional Harmonic Mode)

The primary and seconda®SDare connected iparallel.

The primaryPSDcan measure the signal component of the fractional harrfregjecency(n x F / m)and
the secondarl?SDcan measure the signal component of the harnfregaency(n x F) simultaneously.

hhahth . LPF DC AMP
! 1
R o
SIGNAL ' :
INPUT | !
> Tle
1 | N
PRI Ve __ . ’
Fp —¥{x % ;
REF IN—|pLL T . LPF DC AMP
g pRO—Z e
@—o , !
1
INT OSC D : — Ys
SEC N ’
(Fs)l x n 3
Secondary
Setting Frequency Range
Signal Primary PSD Secondary PSD
input Reference signal Primary frequency (Fp) Reference Secondary frequency
source range signal source (Fs) range
REF IN
SINPOS 0.3 Hzto 260kHz
A
A-B REF IN Same with the primarf SD
| TTL POS
TTL NEG 0.5 mHz to 260kHz
INT OSC
SIGNAL

Yy Restrictions
The frequency range of the harmonic that can be measured is limited to the synchronous frequency
range of each input.
If the measurement signal (SIGNAL) is selected for the reference signal source, the PRI side is
always 1 1-fold and the SEC side isfild regardless of the harmonic setting n or m.

Yy Supplementary Explanati on
Harmonic setting "n" is not the same in the primary PSD and secondary one.
"n" and "m" of fractional harmonic (n x F / m) of the primary ~ PSD are "PRI n" and "PRI
m," respectively.
"n" of harmonic (n x F) of the secondary PSD is "SEC n."
They can be set individually.
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6.1 Overview of the Dual Frequency Measurement

6.1.3 DUALZ2 (Independent Frequency Mode)

The primary and secondalRSDs are connected in parallel.

The primaryPSDcan measure the signal cpoment of the primary frequency (Fp) and the second8y
can measure the signal component of the secondary frequency (Fs) simultaneously.

REF IN, INT OSC, and SIGNAL can be selected for the reference $mtted primary PSD. Howevefor
the referencsignal to the secondary PS@nly INT OSC can be selected.

SIGNAL | s toms . LPF DC AMP

INPUT | | @ . Xp
- i
REF IN—{PLL ml ! @_._2 Yp
N I
S !

o DC AMP
INT OSC ! M L,F;(F/
| E@ T~ e
1
1 : ,-X/
! ( : >_'_. e Ys
F B
O !
Secondary
INT OSC
Setting Frequency Range
Signal Primary PSD Secondary PSD
input Reference signal Primary frequency Reference Secondary frequency
source (Fp) range signal source (Fs) range
REF IN
SINPOS 0.3 Hzto 260kHz
A REF IN
A-B TTL POS INT OSC 0.5 mHz to 260kHz
| TTL NEG 0.5 mHz to 260kHz
INT OSC
SIGNAL

Yy Supplementary Explanati on
An external reference signal (synchronous frequency) input from REF IN is not
synchronized with the secondary frequency.
If the reference signal source that inputs into  REF IN is synchronized with the 10 MHz
reference frequency, synchronization can be performed using the external 10 MHz
synchronization function.
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6.1 Overview of the Dual Frequency Measurement

6.1.4 CASCADE (Cascade Mode)

The primary and secondaRSDsare cascadeonnected.

Detects a primary frequency signal using the primRBD and detects that result with @&cendary
frequency using the second&$D.

In CASCADE, The external reference sign&HKF IN) is not connected to the primaBSD but to the
secondanPSD. ThereforealthoughREF IN and INT OSC can be selected for the reference digiaé
secondanP D, only INT OSC can be selectéat the reference sign# the primaryPSD.

Primary

PR B . LPF DC AMP
! 1
: 1—»@ 2 —Xo
SIGNAL | I !
INPUT | | L !
<
| , ~ Yp
T St ’ A . LPF DC AMP
i 1
o PR .
INT OSC | |
REF IN PLL —¢ i —>®—E— = vs
@ Fs % Secondary
INT OSC
Setting Frequency Range
Signal Primary PSD Secondary PSD
input Reference signal Primary frequency (Fp) Reference signal Secondary frequency
source range source (Fs) range
R A POS 0.3 Hz to 260kHz
A
A-B INT OSC 0.5 mHz to 260kHz REFIN
! LR 0.5 mHz to 260kHz
INT OSC

Yy Restrictions
On the cascade mogdthe measurement signal (SIGNAL) cannot be selected for the reference signal
source
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6.2 Detection Mode Setting
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6.2 Detection Mode Setting
To select the detection mode, first press key to go to the {Reference Signal Setting Screen}.

{Reference Signal Setting Screen

PRI/SEC
AUTO) (DATA

DR - +0.00000 V
c /PRI/SEC key ) _
Simple operation ke SLOPE
(Simele op N [ 1 +0.00000 V

DATA . v +0.00000 V

/%] REF] (AUX Reee o HHNG

| REF] key () (sory) | (U T e DET MODE>

(Operation screen selection keysm

Current setting

/ {Detection Mode Setting Screen}

Press th¢ DET MODE> ] soft key from the {Reference
Signal Setting Screen} to go to the {Detection Mode
Setting Screen}.

Select the detection mode using the MODIFY knob or
up/down keys.

REF > DET mode
DUALT

O SINGLE | DUAL\UALZ | CASCADE

Press th¢ Exec ] soft key to execute the setting.

Press thd Cancel ] soft key to go back to the previous

Rﬁ
Setting range , screen.
Current setting
R PRI/SEC————————

If DUAL1, DUAL2, or CASCADE is selected for -
the detection mode, the [/ PRI/SEC key is DR
enabledn the measurement screen. C_ / PRI/SEC -key %]E
Press thec [/ PRI/SEC key from the (Simple operation key

. DATA
measurement screen to switch between [k AUX
(primary PSD icon and[E# (secondaryPSD % <o | (T
icon on the screen. The sensitivity (SENSE), time EXIT

constant (TC), and attenuatiolopé (SLOPE) of th@SDthat is lit can be set.
However, the dynamic reserve setting is shared by the primary and sede8a@ary

6-7 L15645 / L15650



6.3 Measurement Parameter Setting, Output, and Display (Dual frequency Measurement)
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6.3 Measurement Parameter Setting, Output, and Display (Dual

frequency Measurement)
The number of measurement parameter optibas can be output and displayed is larger in the dual

frequency measurement than that in the single frequency measurement.

g

SEC

O AT,
DR "~~~ [DATA] k
SLOPE (Operation screen selection key)
| e
DATA

c /DATAkeY REE) (AUX

(Simple operation key) TG
() (scan) | (umL

1) Operation in the Measurement Screen
Measurement parameters are switched as follows using:thé DATA key only for DATAL1 and
DATA2.
DATAL - DATA2: (before changed Rp-dpg Xp-Ypg Xs-Ysg Xp-Xsg Rp-dp

2) Operation in the Operation Screen
First press the DATA | key to go to the {Output Signal Selection Screen}.

{Output Signal Selection Screen}

 +0.00000 Vv

> +0.00000 Vv
: L[” o +0.00000 V¥
Data Out
Rp Op Xp Yp
DATAT  DATAZ  DATA3  DATA4

Current DATAL, DATA2, DATA3, DATA4output and display parameters (for DUAL1)

{Basic Measurement Parameter Setting Scre
UL 1T Next press thgd BASIC> ] soft key to display the basic

combination of soft keys.

The soft key display content is specified in DATAL1 and
DATAZ.

Press thg Xp-Yp ] soft key to set Xp in DATA1 and Yp

0R:

DATA > Basic
Rp Op xp Yp in DATA2.

DATA1 DATAZ DATA3 DATA4

Furthermore, DATA3 and DATA4 are not changed.
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6.3 Measurement Parameter Setting, Output, and Display (Dual frequency Measurement)

VARV A 4

{Custom Measurement Parameter Setting Scree

Press thg CUSTOM> ] soft key to arbitrary set
parameters iIDATAL to DATAA4.

To change the parameter ATAL, press thg DATA1L ]

soft key and then select the measurement parameter using
the MODIFY knob or up/down keys.

OR:

L
DATA > Custom

6p Xp Yo RO
@) E%p [ T80 | ¥ | Rs | ALK1 | NOIS SSIRCID
— _J
] '
Setting range

Current setting

The measurement paratees that can be set are as follows.

Output / Detection mode
display SINGLE DUAL1 DUAL2, CASCADE
DATA1 | X,R,AUXIN 1, NOISE Xp,Rp,Yp, dp Xs, Rs, AUX IN 1, NOISE
DATA2 Y, d, AUXIN 1, AUX IN 2 Yp,dp,XS,Rs, Ys,dS’AUX IN 1, AUXIN 2
DATA3 X, R Xp:Rp,Yp, dp . Xs, Rs
DATA4 Y, d Yp.dp.Xs,Rs, Ys,ds
Remark: n: Harmonicorder p: PrimaryPSD
X Y (nis added to the.erlld S: Seconda_lr)PSD _
* .. ' | when the harmonic is set n: Harmonicorder(n is added to the end when the harmor
suffix Example:Xn) set. Exam@: Xpn)

Yy Restrictions
1 Measurement parameter settings are retained for each of detection modes SINGLE, DUAL1, and
DUALZ2 (CACADE shares the settings with DUAL2).
9 Only the primaryPSDcan measure the noise density.
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6.4 Frequency Setting of the Internal Oscillator (Dual Frequency Measurement)
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6.4 Frequency Setting of the Internal Oscillator (Dual Frequency

Measurement)
In detection modes DUAL2 and CASCADE, the frequency of the internal oscillator can be set individually

for the primary frequency and secondary frequency.
Furthermore, the frequency to output to the oscillator outp8C(@UT) can be selected for the primary
frequency and secondary frequency.

PRI/SEC———

AUTO] [DATA
DR
SENS
SLOPE
SIG ] (PHASE) | _— key
DATA . .
REF (Operation screen selection key)
TRIG
() (scrw) | (umL
EXIT

1) Frequency Setting of the Internal Oscillator

{OscillatorSetting Screen}
First press the REF |key to go to the {Reference Signal

~ +0.00000 V Setting Screen.
' Wl Next press thé OSC SET> | soft key to go to the
{Oscillator Setting Screen}.

REF > 0SG SET

If the detection mode is SINGLE or DUAL1L, use the internal oscillafdFREQ> ] soft key, but if the
detection modds DUAL2 or CASCADE, press th¢ PRI FREQ> ] soft key to set the primary
frequency and press th6&EC FREQ> ] soft key to set the secondary frequency.

If REF IN is selectedor the reference signal, tdPRI FREQ> ] soft key is not displayed in DUAL2
ard the[ SEC FREQ> ] soft key is not displayed in CASCADE.

2) Output Selection of the Internal Oscillator

{OSC Output Ositlator Selection Screen

A signal synchronized with the internal oscillator can be

+0.00000 V output from theDSC OUT connector
Press thd SEL CH> ] soft key to go to the@SC Output
+0.00000 V Oscillator Selection Screen}.
0  +0.00000 v Select theoutput oscillatorusing the MODIFY knob or

0SGC SET >

(D ERL|SEC

SEL CH

up/down keys.

PRI : Synchronized with the primary frequency
SEC: Synchronized with the secondary frequency

6-10 L15645 / L15650



6.5 Time Constant Filter Setting (Dual Frequency Measurement)
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6.5 Time Constant Filter Setting (Dual Frequency Measurement)

Thetime constant filters of the primary and second®®ps can be set individually.

To set the time constant, first press key to go to
the {Time Constant Filter Setting Screen}.

{Time Constant Filter Setting Screen

Press thd PRI | SEC ] soft key to switch between the
primary P and secondarSD settings. Configure the
setting for eaclPSD,

The procedure to select the filter (FILTER) and set the
time constant (TC) and attenuation slope (SLOPE) is the
PSDdisplay same as when the detection mode is SINGLE.

For details, F "4.6 Time Constant Filter Setting and Characteristics"
The PSD input offset adjustment setting is the same forRBils.

If the detecton mode is CASCADE, a signal to transmit to the secon®8[) may be attenuated
depending on the time constant and attenuation slope settings on the pr8esige. If the output signal
of the secondarf?SD cannot be detected, decrease the time conatehattenuation slope on the primary

PSDside.
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6.6 Sensitivity Setting (Dual Frequency Measurement)

6.6 Sensitivity Setting (Dual Frequency Measurement)
The sensitivity of the primary and secondB&Ds is set individually.

To set the sensitivity, first press ffBENS | key to go to the {Sensitivit§etting Screen}.

{Sensitivity Setting Screen}

Press thd PRI | SEC ] soft key to switch between the
primaryPSDand secondarl SDsettings.
Configure the setting for eaétSD

The procedure to set the sensitivity (SENS) and dynamic
reserve (DR) is the same as when the detectioden®
SINGLE.

N LOW HOI.")
\/

PSDdisplay The dynamic reserve and auto sensitivity adjustment
settings are the same for b&BDs.

For details, F "4.7 Sensitivity and Dynamic Reserve Setting"

Yy Restrictions
The sensitivity setting of the secondd®$D is lower in level tha the sensitivity setting of the
primaryPD.
For example, if 10V is set for the sensitivity of the primaB8D the sensitivity of the secondary
PSDis limited to less than 108V (50mV, 20mV, etc.).

6.7 Phase Adjustment (Dual Frequency Measurement)
The phaseshift amounbf the primary and seconda®sDs is set individually.

To adjust the phase, first press [tReIASE | key to go to the {Phase Adjustment Screen}.

{Phase Adjustment Screen}

Press thg PRI | SEC ] soft key to switch between the
primaryPSDand secondarl SDsetings.
Configure the setting for ea&sD

The procedure to adjust the phase setting is the same as
when the detection mode is SINGLE.

PSDdisplay For details, F "4.8 Phase Adjustment
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6.8 Measured Value Offset and Expansion (Dual Frequency Measurement)

6.8 Measured Value Offset and Expansion (Dual Frequency
Measurement)

The offset adjustment and expansion of the primary and secdP88syare set individually.

First go to each setting screen in the following procedure.

1) Offset Adjustment
First press the DATA | key to go to the {Output Signal Setting Screen}.

{Offset Adjustment Screen}

Press thg OFFSET> ] soft key to go to the {Offset
AdjustmentScreen}.

Press thd PRI | SEC ] soft key to switch between the
primaryPSDand secondarly SDsettings.

Configure the setting for ea&tsD.

The offset adjustment procedure is the same/tanthe
detection mode is SINGLE.

PSDdisplay For details,
F "5.1 Measured Value Offset and Expansion"”

2) Expansion
First press the DATA | key to go to the {Output Signal Setting Screen}.

{Expansion Setting Screen}

Press thg MATH> ] soft key to go to theNlath Selection
+0.00000 V m Screen} Select EXPAND using the MODIFY knob or
+0.00000 V & up/down keys to display tHeEXPAND> | soft key

+0.00000 V g Pressthe [ EXPAND> | soft key to go to thgExpand
. ¢ vs +0.00000 V Setting Screen}.
> MATH > Expand
RX:[IY Y:10

KCRIRR Pressthe [ PRI | SEC ] soft key to switch between the

%. — Currentset value primary PSD and secondarf?SD settings. Configure the
Setting range setting for eacPSD

Press thg RX ] or [ Y ] soft key to set the scafactor {x1 x10 x100} using the MODIFY knob or
up/down keys.

The expansion scale factor for measurement data R and X is shared and the expansion scale factor for Y
is set individually.

The apparent sensitivifgignal full scaleran be expandddl1times @ 0.01times using EXPAND.
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6.9 Ratio Measurement (Dual Frequency Measurement)

Yy Restrictions
Only PSD outputs X, Y, and R (after X and Y offset adjustment) can be expanded.
Other parameters (phase, noise density, and AUX IN) cannot be expanded.
EXPAND is not executed while the normalize  arithmetic proces sing or ratio arithmetic
processing is executed.

6.9 Ratio Measurement (Dual Frequency Measurement)
The d@ominator of the rati@rithmetic expressiois always a primary?SD output (Xp, Yp, Rp). If the

detection mode is DUAL1 or DUAL2, secondaBSD
output(Xs) can be specified as the numerator, in addition
+0.00000 A to the normal AUX IN.
+0.00000
+0.00000 V First press th key to go to the {Measurement
. +0.00000 V Data Setting Screen}.
» MATH > Ratio Presghe[ MATH> ] soft key to go to theNlath Selection

{Ratio Setting Screen}

RATIO? 1.00000 .
O RrATION \RATK& Screen} Select RATIO using the MODIFY knob or
%f_J up/down keys to display tHeRATIO> ] soft key.
Setting range Current setting Press thg¢ RATIO> ] soft key to go to th¢RATIO Setting
Screen}.

Press th¢ RATIO | soft key to seleca RATIO arithmeticexpressiorusing the MODIFY knob or up/down
keys.

RATIQ Contents of arithmetiexpression Detection
selection mode
SINGLE

Kx primary PSD Xp Yp Rp +AUXIN1 [%FS] DUAL1 **

RATIO1 DUAL2 *!

Kx secondary PSDXs Ys Rs +AUXIN1 [%FS] CASCADE*!
*1
RATIO2 Kx primary PSD Xp Yp Rp +secondary PSBs [%FS] Bgﬁté 1

*1: Only the LI5650 is equipped withdual frequency measurement (detection mode is DUALL,
DUAL2, or CASCADE).

The maximum update rate of the numerator is 10 k samples/s.
However, it may slow down depending on the internal processing.
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7.1 Error Message
This chapter describes the errors that can occur during fowself testing, panel omdions and major
errors that may occur in the normal course of measurement, with their causes and necessary remedies.

If repair is required, contact NF Corporation or one of our representatives.
When requesting repair of theé5645 or LI5650, please leus know the contents of any error messages
that may be displayed.

Rare events such as malfunctions due to strong external noise may cause error messages not described in
this manual to be displayed.

Unusual operations such as firmware updates may escemessages not described in this manual to be
displayed. If other manuals have been provided, refer to them as well.

See thé'LI5645 / LI5650 Instruction Manual (Remote Control)" for errors that only occur with remote
control. Remote contraklatederrors display a message box like the following. These error messages
automatically disappear after a few seconds.

+0.00000 V

Error MessageHxamplg
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7.1.1 Power-On Errors
If an error occurs during powen self testing, the following error message is displayed on the startup
scree.

Error Message Contents and Cause Remedy
Error No-510 Initialization occurs when resun] Turn power off and back on.
Backup Memory memory contents have been lost. | If the error recurs, a fault is presg
élnitialdi requiring repair.
Calibration Calibration data has been lost. A fault is present requiring repair.
...Uncalibrated

X +0.00000 V

Error Display Screen Example

7.1.2 Panel Operation Errors

Errors displayed regarding panel operations are as follows.

Error Message Contents and Cause Remedy
Error Na-206 UNLOCK interrupted automatic Check that the refence signal
Auto-once failed setting execution. frequency and amplitude are
due to unlock Affected Automatic Settings normal and not indicating
AUTO | Y [MEASURE] UNLOCK on the measurement
AUTO] Y [SENS] screen.

AUTO|Y [PHASE PHASE PRI ]
AUTO|Y [PHASE SEC]
DATA|Y [OFFSET>]Y [AUTO once]

Error No-207 The X or Y measurement value is ol Increasehe sensitivity (signal full
X, Y out of range of range for adjustment, so automat| scale). Or attenuate the input
offset adjustment cannot be signal.
performed.
Error No-208 PSD Adj out of automatic adjustme| Execute it as a Rsignalcondition.
DC compensation | range If the eror recurs, a fault may be
value saturation (Occurred only in AUTO once g present. Contact with NF
occurred PSD Adj) Corporation or one of our
representatives.
Error No-330 Failure occurred in setestresults. | Check connections and retry
Self-testerror selftest

If the error recurs, a fault may K
present. Contaatith NF
Corporation or one of our
representatives.
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7.1.3 Errors During Measurement
Errors that may be displayed during measurement are as follows.

Error Message Contents and Cause Remedy

Errc())\r/el\:ﬁéifl The chassis is overheated. 1) Move to a cooler location or

1) Ambient tempeature is high provide more ventilation. Turr
P gn. the power off and wait for the
. . internal temperature to
2) Cooling fan failure. normalize before turning
power back on.
2) Ask NF Corporation or one of
our representatives forpair.

Error No-382 Power source overvoltage detected. | Turn off the power and check th
Line over voltage voltage at the power outlet is

within the voltage range of this
product. Also make sure the
power voltage selection switch i
set correctly beforautning back
on.

Error No-383 An internal communication error Turn power off and back on. If
Internal occurred. the error recurs, a fault is presel
communication requiring repair.
error

The above error messages remain displayed-léaky and lampoff are canceled, but panel and remote
operations are ignored and the screen does not update.
Turn the power off and apply the remedy.

+0.00000 Vv

The internal communication
error appears on all screens.

Error Display Screen Example
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7.1.4 Signal Overload
If an excessive signal level is detected anywhere on the sighalrpm input to output and measurement
is impossible, an icon is displayed in the screen.

For detailsF "4.7.3 Signal Over-level Display and Monitor Output"

Ovsetgtlli/el Description Remedy
\oltage exceeding the maximum input | Lower the synal level applied to tha
voltage was detected in the Aor B or B connectar
connector
PROTECT Both the A and Bonnectos are
internally separated temporarily for
protection.
INJOUT Both events described INPUT and (See below)
OUTPUT below occurred.
Overlevel occurred in the AC Increase the sensitivity (signal full
amplification part from the signal input | scale).
connector to PSD (primaRSD) input. Increase the dynamic reserve.
INPUT The PSD input sigal can be checked wif If a DC component is included in the
the MONITOR OUT connector input signal, use the AC coupling.
Set thdine filter to ON to attenuate
the noise coming®m the power
supply.
Overlevel occurred in the signal Increase the time constant and
processing part of the PSD output (time attenuation slope to attenuate the
constant filter and DC amplification part noise.
The output voltage allowable range wag Increase the sensitivity (signal full
OUTPUT exceeded as a result of an OFFSET, scale). ' ' '
EXPAND, NORMALIZE, RATIO, or Cancel tharithmetic pocessingand
otherarithmetic processing check the original signals (X, Y, R,
Measurement parameters that are not | AUX IN 1). Then configure the settin
output and displayed are also included | again so the output does not exceed
the scope. maximum level.
AUX Excessive input into thaUX IN 1 or Lower the signal level applied to the
AUX IN 2 connector AUX IN 1 or AUX IN 2 connectar

When more than one event occurs at the same time, their display priority status is according to the above
table.

7.1.5 Loss of Synchronization

If the external reference signal or measurement signal is set for the reference signal sahmeardot
synchronized, the UNLOCK status is displayed in the measurement screen.

In such cases, check the waveform selection of the external reference signal, and that the actual reference
signal amplitude, waveform and frequency are within the rahggnchronization.

For detailsF "4.4 Reference Signal Setting and Connection”, "9.3 Reference Signal System"

If synchronization does not occur with a reference signal that is within the specified range and without
noise or instability, ask us or our agent for repair.
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7.2 Troubleshooting
If you suspect a problem, check the following list for a solution at once. If the problem is not resolved or
remains unchanged after applying the suggested remedy, contact us or our agent.

Table 7-1 In Case of Suspected Anomaly

Description Possible Cause Remedy
Power cannot be |Bad power cord connection. |Securely plug in the power cord.
turned on

The power source is out of th{Use a meter or other method to check the voltag
rated range. the power outlet.

Check the setting of the line voltagelectorswitch
on the rear. Be sure the power cord is unpluggec
when changing the setting of the line voltage
selectorswitch.

The fuse is blown. Unplug the power cord and after checking that tH
soure voltage matches the setting of the line
voltageselectorswitch, replace the fuse. Even
though the fuse has blown, because it indicates
failure, ask us or our agent for repair.

Panel Operation The keys are locked. If the KEY LOCK lamp is lit,
Disabled press and hold theCLR | key until the

measurement screen disappears and then reapy
Release the key when the screen reappé€hes.
KEY LOCK lamp turns off and panel operation is
restored.

Remote control is enabled. |If the REMOTE lamp is lit, press
the ILOCAL key to reenable local control.

In theLocal Lock Outstate, this operation is
disabled. Use the external controller teer@able
local control.

If the instructions | Settings are not initialized. | Many descriptias presume settings have been

do not work as initialized. Try again after initializing by pressing
described the |UTIL |, [RESET>], [Exec] key sequence.
Cooling fan soung The fan may be faulty or Ask NF Corporation or auagentgor repair.
increased deteriorated.
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73 Q&A

Q1. Iwant to measurthe peak voltage of thaulse signal
Do the lockin amplifier voltage V units represent Vpeak?

Al. The lockin amplifier cannot measure peak values.
This instrument measures the effective value (Vrms) of the fundamental wave component of
repetitive signals.
When measuring a pulse signal with the latlamplifier, the measured value depends on the pulse
waveform characteristics (such as peak value, pulse width and duty cycle). If the waveform
characteristics are already known, the pealue can be calculated from the effective value,
although if the duty cycle is low, the S/N (sigt@noise ratio) is low because the majority of the
period has no signal (mostly nois@)so, isolated oneshot pulse signals cannot be measured.

Q2. | wart to view the signal waveform. Is it possible to reproduce the waveform buried in noise?

A2. The lockin amplifier cannot display waveforms.
If the signal continuously repeats, a rough waveform might be compounded from the measured
fundamental wave and tmonic components, but we do not recommend this because of the
likelihood of large errors. Especially at high frequency, a correct waveform cannot be obtained
because of high harmonic phase shift.

Q3. Can DC voltage be measured?

A3. The lockin amplifiercannot measu®C signal
Only AC signals can be measur&dhen changed to AC signals by amplitude modulation, DC signal
can be measured. However in this case modulator gain must be calibrated.
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8.1 Preface
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8.1 Preface

The following maintenance tasks are required to keep the instrument in top operating condition.
Operation Inspection Check whether the instrument operates correctly.
Performance Test Check whether the instrument satisfies the specified

ratings.

. Adjustment and Calibration If the ratings are not satisfied, adjustment and calibration
are performed by NF Corporation to recover proper perfor-
mance.

Fault Repair If performance is not improved, NF Corporation checks the
cause and location of the fault, and repair.

This manual describes basic operation checking and performance testing procedures.
For advanced inspection, adjustment, calibration and fault repair, chift@brporatioror our agent.

There are high voltage parts inside this device. Never remove the cover.
No one except trained service technicians who have knowledge of hazard prevention is
authorized to check the inside of this device.
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8.2 Daily Maintenance
Install theL15645 / LI5650 in a location that satisfies the installation conditions.

For detailsF "2.2.2 Installation Conditions".
The front panel of th&l5645 / LI15650 is made of plastic. Avoid damage from contact with sharp or hot
objecs.
When the panel or case needs cleaning, wipe with a soft cloth. To remove persistent contamination, wipe
with a soft cloth soaked with neutral detergent and wrung out. Do not use any organic solvents like thinner
or benzene, or any chemical cleaningltl@as they may cause the surface finish to deteriorate, tarnish, or
come off.

8.3 Storage, Repacking, and Transportation
Store theL15645 / LI5650 in a location that satisfies the installation conditions.
For detailsF "2.2.2 Installation Conditions".
When repacking for transport, use a carton with adequate strength and enough space for sufficient padding
to withstand the weight and protect the instrument.
During transport, handle with care to avoid strong impact.
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8.4 Version Confirmation
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8.4 Version Confirmation

The same model products may have different version numbers due to functional improvements and fault
repairs. Behavior can diffeaccording to version, so if an anomaly is detected, provide us with the version
information along with the symptoms.

Our websitemayprovideguidance for updating the firmware.

After startup, the version information can be confirmed by the followingeghare.

First, press the key to move to the {Utility Screen }.

{ Utility Screer}

-

0

|=]
20

0

w
=
o
o
m

0

o
2
=

-l
=
[=]

Press th¢ SYSTEM>] soft key to go to the
{System Setting Screen}.

Press th¢VERSION>] soft key to go to the
{Version Information Screen}.

FW : Firmware version

CAL : Last calibration date
FPGA : FPGA version

IF . Interface version

BOARD : Board version

. CAL: 2015/10/21 12:00
FPGA:01BA [F:1000.100.313 BOARD:000Z

To return to the top level operating screen, press

[SCRN]/EXIT.
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8.5 Main Function Confirmation
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8.5 Main Function Confirmation
Before performance testing, check the basic operation &fl 8615 / LI5650 by referring to
"2.4 Simplified Operation Check".
8.5.1 Self Test
To execute self testing of thé5645 / LI5650, move to thg Self DiagnosisScreef.
{Self Diagnosis Screen}
+0.00000 V First, press th key to move to the
{Utility Screer}, then press thiSYSTEM>] soft
+0.00000 V key to go to the {System Setting Screen}, then
[F : +0.00000 V press thgSELF TEST>] soft key to go to the

SYSTEM > Self Test {Self DiagnosisScreep.

Reset & Test OL?

BNC Cable (1 m)

Connect tke OSC OUT and the'A"of SIGNAL INPUT with a BNC cable (1 m).
Press th¢Exec] soft key on the {SelDiagnosisScreen} to execute the self test.
Allow several tens of seconds for the self test.
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8.6 Performance Test

8.6 Performance Test

8.6.1 Preface

A performance test is performed part of preventative maintenance to prevent performance deterioration
of theL15645 / LI15650.

A performance test is conducted when necessary to verify performance during acceptance inspection,
periodic inspection and after repair.

The simple performae test described here is performed using commercially available standards and
measurement instrumisn For advanced testing, ablE Corporationor one of our agents. We handle
requests for a fee.

If the specifications are not satisfied after a perforreatest, calibration or repair. Contact with NF
Corporaton or one of ouagens.

1) Test environment confirmation
Conduct performance testing in the following environment.
- Ambient temperature : 23 +5°C
- Ambient humidity : 20 to 70% RH, nomrrondensing
- Power supply voltage: 100 or 120 V AC £10%, or 230 V AC +10%14%
- Warmup time : At least 30 minutes

2) Test preparation
Before a performance test, initialitee settings.
To initialize the settings, press key, [RESET>] soft key, and th§Exec] soft key, in that order.
For detailsF "4.2 Simple Operation Procedure for Using the Device for the First Time"
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8.6 Performance Test

3) Needed equipment
The following measurement equipment is required for operation inspection and performance testing.

Name Required Capability Example Model
Generator Waveform:  Sine wave WF1947
Frequency: 1mHzto 250kHz (NF Corp.)

Amplitude: 100 mVrms tal Vrms
TTL output synchronized with sine wave

Digital Multi Meter AC Voltmeter (true rms) 34401A
(DMM) (100 mV to 10 V range) (Keysight)
Accuracy: +0.1% (10 Hz to 20 kHz)
DC Voltmeter

(100 mV to 100 V range)

Accuracy: +0.04%
Ohmmeter

(100 kq range [10 ¢

(100 q range [1 mA]

Accuracy: £0.05%

RMS Voltmeter (200 mV to 10 V range URE3
(true rms) Frequency response correction should| (Rohde & Schwarz)
enabled.

Accuracy: £0.5% (to 100 kHz)
Accuracy: £0.7% (t@50kHz)

Frequency Counter Accuracy : 10 ppm, 53131A
Resolution : 1 ppm or higher (Keysight)
Oscilloscope Bandwidth: at least0 MHz and 10 s/div GDS2842
(NF Corp.)
Others
BNC Cable 50q, BNC, RG58/U equiv.
Alligator Clip Cable | BNC-Alligator Clip Cable, and others
Terminator 50 q, BNC
Shorted Plug BNC
Divider BNC, T-type
Power Splitter BNC, 65WwWayq, 2
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8.6 Performance Test

8.6.2 Isolation Confirmation

Confirm the floating function of the signal input section.
In the following setting descriptionk|56xx represents both thd 5645 andLI5650.

1) Floating resistance confirmation

LI56xx settings

Measurement instrumer :

settings
Connections

Measurement method

Judgment (Pass Range :

Set the signal ground to FLOAT.

Set the DMM to resistance mode.

Set the measurement range to !
Connect the HOT side of the DMM to the COLD sidetlod signal
input connector €.9., A). Connect the COLD side of the DMM 1
chassis grounde(g.,COLD side of MONITOR OUT).

Measure the DC resistance between HOT and COLD sides ¢
DMM.

DC resistance = 8 kq to 11 kq

2) Ground resistance confirmation

LI56xx settings

Measuremeninstrument :

settings
Connections

Measurement method

Judgment (Pass Range :

Digital
Multi Meter

Set the signal ground to GND.

Set the DMM to resistance mode.

Set the measurement range to !
Connect the HOT side of the DMM to the COLD side of the sig
input connector €.9., A). Connect the COLD side of theMM to
chassis grounde(g.,COLD side of MONITOR OUT).

Measure the DC resistance between HOT and COLD sides ¢
DMM.

DC resistance = 10 q to 13 q (

MONITOR

9.972 KW
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3) Clamp diode confirmation
LI56xx settings . Set the signal ground to FLOAT.
DisplayAUX1 for DATAL.
AUX OUT1is+10V,-10V
Measurement o
instrument settings
Connections : Connect the HOT sides &fUX IN1 andAUX OUT1 to theCOLD

side of the signal input connector (ex. £pnnect th€€OLD sides of
AUX IN1 and AUX OUT1 to chassis ground (egGOLD side of
MONITOR OUT).

Measurement methoc : With AUX OUT1 set to+10 V ori 10 V, read the DATATAUX IN1)
measurement value (displayed).

Judgment (Pass Rani : AUX IN1 measuredvalue  +1.2 V to +1.6 V (about +1.4 V)
andil.6Vto 11.2V (about 1.4V)

MONITOR
A ouT
AUX OUT Q O
1
AUX IN
1

BNC - Alligator Clip Cable

8-9 L15645 / L15650



8.6 Performance Test

8.6.3 Voltage Measurement Accuracy

The following method cannot be used to test very small signal measurement accuracy. As testing very small
signal measuremeatcuracy requires a separate precision attenuator, cbiia@brporatioror our agent.

The lockin amplifier meaures only fundamentdtequency componentin contrast, genergurpose
standard voltmeters measure effective (rms) values that include mardistortion and noise. Therefore,
sufficient measurement accuracy cannot be obtained at low voltage.

In the following setting descriptionk|56xx represents both tHd 5645 andL15650. Also,

theLI5650 is shown in the connection diagrams.

LI56xx settings : UseconnectoA for signal input, and set the input coupling to AC.
Set the signal ground to FLOAT.
Use INT OSC (internal oscillator) as the reference signal source.
Set the DR setting to LOW.
Set the time constant to 100 ms.
Set the atteuation slope to 24 dB/oct (SYNC OFF).
Set measurement parameter DATAL to R.
Frequency, amplitude and sensitivity are per the following table.
Measurement instrumer : For 100 kHz or less, use tB#MM in AC voltage mode
settings For 100 kHzor higher use &RMS Voltmeter.
Connections . Connect @NC cable from one side of a divider at thi&6xx
OSC OUT connectotto connectorA. Connect &8NC cable from the
other side of the divider to the DMM.
Measurement method : Select tle following specified frequencies, amplitudes ¢
sensitivities, and read the measuremealties at DATA1 and th
DMM (or RMSVoltmeter).
Judgment (Pass Range : Per the following table.

BNC Cable (1 m)

DMM Divider

or RMS Voltmeter

[ 0.9921 VAC él.;;l
AN
BNC-Banana

Conversion Adapter

BNC Cable (1 m)
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Judgment
INT OSC
L . R: Measured Value (rms) Pass Range
Frequency Sensitivity (ms) Amplitude : -
Settingrms) S: Voltmeter Reading (rms) R/S (R/S)
1V 1V M
v
500 mV 500 mV ——— mx
20 kHz =M 0'1988;0
mV :
200 mV 200mV —— =
v
100 mV 100 mV S———
e _._mV
1V 1V ——— v
o _._mV
500 mV 500 mV MV
mv
50 kHz === 0.99 to 1.01
mV
200 mV 200 mV ———
Y,
100 mV 100 mvV S
__._mV
1V 1V S
__._mV
200 mV 500 mV MV
mV
100 kHz === 0.98 to 1.02
100 mvV 200 mV MV
.. mV
100 mv 100 mvV ————
I 11\
1V 1V -V
v
500 mV 500 mV S
mV
250 kHz — 0.97 to 1.03
200 mV 200 mV S
.. mV
100 mv 100 mvV S ———
.. mV
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8.6.4 Current Measurement Accuracy (LI15650 only)

LI5650 settings

Measurement instrumer :

settings
Connections

Measirement method

Judgment (Pass Range :

BNC Cable (1 m)

Useconnectol for signal input.

Set the input coupling to DC.

Set the signal ground to FLOAT.

Use INT OSC as the reference signal source.

Set the DR séhg to LOW.

Set the time constant to 200 ms.

Set the attenuation slope to 24 dB/oct (SYNC OFF).
Set measurement parameter DATAL:R.

Frequency, amplitude, sensitivity and current input conversion
are per the following table.

Set the DMM to AC voltage mode.

Connect 88NC cable from one side of a divider at th&650

OSC OUT connectorvia the VI conversion jig toconnectorl.
Connecia BNCcable from the other side of the divider to the DMI
Select the following specified frequencies, amplitudes, sensitiy
and current input conversion gains, and read the measurement
at DATAL and the DMM.

Per the following table.

V-I Conversion Jig:

Divider

BNC Cable (1 m)

DMM
[ gj}f
AN
BNC-Banana

Conversion Adapter

Uses a resistor of precisely known value.
To suppress noise, keep the resistor in a shielded case

with the BNC connectors.

nPrepare a 1 Mq
nPrepare a 100

resistor fc

Mg resistor
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Z 7 7
Judgment
Se(rr];'g\)"ty INT OSC P: Jig Resistance Value Pass Range
Conversion Frequency | Amplitude Setting | R: Measured Value (rms) (PxR/S)g
Gain (rms) S: Woltmeter Reading (rms) P x R/S
—_ e — = Mq
1 €A
1M 1 kHz 1V e g A 0.99t0 1.01
— e — V - ===
10nA | oo | . TTTTT Ma
n
100M 125 Hz 1V . nA 0.99t0 1.01
_____V -
I f, for example, the avail abl exl®wcthepassarange of t he
is expanded to 0.98 to 1.02, and judgmen t is an approximation. To improve accuracy,
use a 10 MN resistor instead ofLI56B@INT 88, and us

amplitude setting. In this case, because the LI5650 effective input impedance is about
100 kN, the pass r an g gudgmsnti®an@amprodimatiod . 00 and t he
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8.6 Performance Test

8.6.5 Analog Output Voltage Accuracy of Measured Values

LI56xx settings

Measurement instrumer :

settings
Connections

Measurement method

Judgment (Pass Range :

Measuwement method

UseconnectodA for signal input.

Set the input coupling to AC.

Set the signal ground to FLOAT.

Use INT OSC (internal oscillator) as the referengaai source.
Set the frequency to 1 kHz and amplitude to 0 V (rms).

Set the sensitivity to 1 V (rms) and DR setting to LOW.

Set the time constant to 100 ms.

Set the attenuation slope to 24 dB/oct (SYNC OFF).

Set measurement parameter DATAL to X, DAT#&2Y, DATA3 to X
and DATA4 to Y.

Turn on the offset function for both X and Y.

Set the DMM to DC voltage mode.

Connect a shorted plug (or 50 t e r mi cornéctoi 9f the o
LI56xx. Connect the 156xx DATA OUT1 to 4 connectos to the
DMM with a BNC cable.

With the offset value set to +100%, 0% an#l00%, read the
measurement value on the DMM for B&ATA OUT connector

Per the following table.

Judgment: Per the following table.

DMM
[ 9.9999 V DC

a a
| | | |
| | n

BNC-Banana =

Conversion Adapter "
| | n
| |
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8.6 Performance Test

VA A 4
Judgment
DMM Reading
Offset Value Pass Range (+10.040 V at £100%, +10 mV at 0%)
DATA1 DATA2 DATA3 DATA4
X) ) X) ()
+100% + Y +_ . __V + .V +_ .V
0% | ___.__ mv | __ . mv | __ . mv | __ . mV
-100% - V - \Y, - Y - V

8-15
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8.6 Performance Test

8.6.6 Common Mode Rejection Ratio

LI56xx settings

Measurement instrumer :

settings
Connections

Measurement method

Judgment (Pass Range :

Useconnectos A-B for signal input.

Set the iput coupling to AC.

Set the signal ground to FLOAT.

Set thdine filter to THRU.

Use INT OSC (internal oscillator) as the reference signal source.
Set the amplitude to 1 V (rms).

Setthesesi ti vity to 200 eV (rms)
Set the time constant to 100 ms.

Set the attenuation slope to 24 dB/oct (SYNC OFF).

Set measurement parameter DATAL to R.

Frequency is per the following table.

Only BNC cable and divider.

Connect 88NC cable from one side of a divider at thi&6xx

OSC OUT connectotto connectotA. Connect 8NC cable from the
other side of the divider twonnectoB.

At the frequencies in thiollowing table, read the displayed DATA
value.

Per the following table.

Divider BNC Cable
Two short BNC cables with
the same characteristics
Judgment
Frequency Rang{ Time Constant DATA1L (rms) Pass Range
55 Hz 200 ms . _ &gV < 10 ¢
1 kHz 100 ms .. _ &gV < 10 ¢
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8.6 Performance Test

8.6.7 Input referred noise.

LI56xx settings

Measurement instrumer :

settings

Connections
Measurement method

Judgment (Pass Range :

Judgment

UseconnectodA for signal input.

Set the input coupling to AC.

Set the signal ground to FLOAT.

Use INT OSC (internal oscillator) as the reference signal source.
Sd the amplitude to OV (rms).

Set measurement parameter DATAL to NOISE.

Set sensitivity to 200 nW/Hz and DR to LOW.

Set the time constant to 100 ms.

Set the attenuation slope to 24 dB/oct (SYNC OFF).

Frequency is per the followirtgble.

Shorted plug

(if necessary, use an oscilloscope)

Connect a shorted plug tonnectorA.

Read the displayed DATA1 value.

(Note: If large fluctuations make reading difficult, nc®ct an
oscilloscope td.I56xx DATA OUT1. Set the time axis to 10 s/div
more and read the center value of the noise amplitude.)

Per the following table.

Oscilloscope

M

e O

v .
MITTIITI L

NOISE Pass Criteria*
. nV/VHz 4.5 NV Hz

*1. Supplementary value. Not guaranteed. Frequency 1 kHz .
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8.6 Performance Test

1 VARV A 4

8.6.8 Phase Accuracy

1) Versus an external reference signal

LI56xx settings : UseconnectodA for signal input.
Set the input coupling to DC.
Set thesignal ground to FLOAT.
Use REF IN (external reference signal) for the reference si
source.
Select the SIN+ reference signal waveform.
Set the sensitivity to 1 V (rms) and DR setting to LOW.
Set the attenuation slope to 24 dB/oct (SYNC OFF).
Setmeasurementparant er DATA2 to d.
Frequencies and time constants are as in the following table.

Measurement . Set the generator to sine wave.
instrument settings
Connections . Connect aBNC cable from one side of a divider at the genera

output connectorto connectorA. Connect aBNC cable from the
other side of the divider to tHeEF IN connector

Measurement method : Set the following frequencies and time constants and read
displayed DATA2 value.

Judgment (Pass Rang : Per the following table.

Generator

1.00000 kHz
1.000 Vrms

FUNC OUT SYNC OUT

BNC Cable (1 m) Divider BNC Cable (1 m)

* Two short, equal-length BNC cables with the same characteristics.
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8.6 Performance Test

Judgment
Frequency | Time Constant d Pass Criteria*
10 Hz s | ___.__ -lto+1°
1 kHz 100ms | ___.__ -lto+1°
10 kHz 100ms | . -lto+1°
100 kHz 0ms | . -2to+2°
250MHz 0ms | . -5t0+5°

*1. Supplementaryalue. Not guaranteed.
Check that that the value is roughly within this range.

If too far off, there may be damage.

2) Versus the internal oscillator

LI56xx settings Change the following'l) Versus an external reference signal”
settings.
Use INT OSC (internal oscillatpas the reference signal source.

Set the amplitude to 1 Vrms.

Measurement Only BNC cable.
instrument settings
Connections Connect aBNC cable fromthe LI 56xx OSC OUT connectorto

connectoA.

Set tke following frequencies and time constants and read
displayed DATAZ2 value.

Per the following table.

Measurement methoc :

Judgment (Pass Ran :

BNC Cable (1 m)

Judgment (same &%) Versus an external reference signal™)

Frequency Time Constant d Pass Criterig®
10 Hz 1s | . -lto+1°
1 kHz 10ms | . -lto+1°
10 kHz 0O0ms | . -lto+1°
100 kHz 0O0ms | . -2to+2°
250 kHz 0O0ms | . -5to+5°

*2. Supplementaryalue. Not guaranteed.
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8.6 Performance Test

1 VARV A 4

8.6.9 Frequency Accuracy

LI56xx settings . Use INT OSC (internal oscillator) as the reference signal source.
Set the frequency to 1 kHz and amplitude to 1 V (rms).
Open 10 MHz IN (external synchronous 10 MHz).
Signal input connectors, input coupling, signal ground, measure
parametes, sensitivity, DR setting, time constant and attenue
slope can be set arbitrarily.

Measurement : Use a frequency counter

instrument settings

Connections . Connect theL156xx OSC OUT connectorto thefrequency counte
with aBNC cable.

Measuremenmethod : Read the measured value on the frequency counter.

Judgment (Pass Rangi : Per the following table.

Frequency Counter

[ 1.000009kHz C]

J BNC Cable (1 m)

Judgment

Measured value Pass Range

kHz | 0.999960 to 1.000040 kHz
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8.6 Performance Test

8.6.10 Amplitude Accuracy of Internal Oscillator Sine Wave Output

LI56xx settings

Measurement
instrument settings
Connections

Measurement method

Judgment (Pass Rang :

Use INT OSC (internal oscillator) as the reference signal source.
Signal input connectors, input coupling, signal ground, measure
parameters, sensitivity, DR setting, time constant and attenu
slope can beet arbitrarily.

Frequency, amplitude and amplitude range are per the follo
table.

Set the DMM for 1 kHz in AC voltage mode.

For 100 kHz to 3 MHz, use tHeRMS Voltmeter.

Connect the_156xx OSC OUT connectorto the DMM (or RMS
Voltmeter) with @BNC cable.

Read the measement values on the DMMI(RMSVoltmeter).

Per the following table.

DMM
or RMS Voltmeter

[ 0.9999 VAC %

BNC Cable (1 m)

h BNC-Banana

Conversion Adapter

Judgment
Amplitude Amplitude Pass Range
Range Setting Voltmeter Reading (rms)
(rms) (rms) 1 kHz 100kHz 250kHz
0.979to 1.021 0.99 0 1.031 0.958t0 1.042
1V 1V
eV eV eV
97.0 to 103.0 96.0to 104.0 94.0t0 106.0
v 100 mv . _mV . _mV . _mV
97.0 to 103.0 96.0 to 104. 94.0t0 106.0
100 mV 100 mV v v v
8.80 to 11.20 8.70t0 11.3 4.30t012.4
10 mv 10 mv v Y Y
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8.6 Performance Test

8.6.11 AUX IN DC Voltage Measurement Accuracy

LI56xx settings

Measurement
instrument settings
Connections

Measurement method

Judgment (Pass Range :

Set measement parameter DATAL to AUX1, and DATA2
AUX2.

Reference signal source, frequency, amplitude, signal i
connectors, input coupling, signal ground, sensitivity, DR set
time constant and attenuation slope can berbétaxily.

Set AUX OUT1 per following table.

Set the DMM to DC voltage mode.

Connect 88NC cable from one side of a divider at thi&6xx

AUX OUT1 connectorto AUX IN1 (or AUX IN2). Connet aBNC
cablefrom the other side of the divider to the DMM.

Read the measured value of the output voltagéJat OUT1 on the
DMM, and the displayed value of DATA1 (or DATA2).

Also read the value when the shorting plug is connectedlU
IN1 (or AUX IN2)

Per the following table.

SHORT
DMM PLUG
[ l
BNC-Banana BNC Cable
Conversion Adapter "y

Judgment
UX OUT 1 MM reading:M Pass Range Measured value
g: 9 AUX IN 1 AUX IN 2
Mx0.997 0.01 +_ .
+10V + . \Y, to | __.___ vV __.___ \Y,
Mx1.003 0.01 +_ .
(shortcircuited
iUt 10 mV to +10 mV MV . mV
Mx0.997 0.01 - .
-10Vv - \Y to | __.___ V| __.___ \
Mx1.0030.01 - .
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8.6 Performance Test

8.6.12 AUX OUT RMS Voltage Accuracy

LI56xx settings Measurement parameters, reference signal source, freqt

amplitude, signal input connectors, input coupling, signal gro
sensitivity, DR setting, time constant and attenuation slope can |
arbitrarily.

SetAUX OUT1 andAUX OUT2 per following table.

Measurement Set the DMM to DC voltage mode.

instrument settings

Connections Connect thelLI56xx AUX OUT1 (or AUX OUT2) connectorto the

DMM with a BNC cable.

Read the measured value of thetput voltage atUX OUTL (or
AUX OUT2) on the DMM.

Per the following table.

Measurement method

Judgment (Pass Range :

DMM
BNC Cable
9.9999 V DC sy
‘ H
|
BNC-Banana .
Conversion Adapter -
- \
X o \{‘;\)‘ A s &:rg@gf

u 1 2 W i
® = =N 7= ) o
&® 0 0, ©,0
oz nt e owomY T,
®

232 GFIB L&N .
O[] w@@(@ @"@ @ ®
Judgment
AUX OUT 1, 2 Pass Range
\oltage Settin DMM reading
9 9 AUX OUT 1 AUX OUT 2
+9.96 to +10.04 +9.96 to +10.04
+10V + .V + .V
Z10to +10 ~10to +10
ov I 111 . mVv
~10.04 t0-9.96 ~10.04 t0-9.96
-10V e v A v
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8.7 Calibration
1

8.7 Calibration

If the performance test results do not satisfy the specifications, NF @bgmowill perform adjustment or
calibration to restore the original performance.

If calibration is required, contact NF Corporation or one ofagans.
After warranty expiration, we provide adjustment and calibration for a fee.
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8.8 Maintenance Information
1

8.8 Maintenance Information

The {Maintenancelnformation Screef shown below is for maintenance tasks such as repairs and
calibration. It is not applicable to user operations.

PRY/SED To view the {Maintenance Information Screen}, press the key
()| (auto) (0ATA to display to the Utility Screen.
[% Pressing the [SYSTEM>] soft key switches to the {System Setting
Sﬂ-ﬂf Screen}.
Pressing the [SERVICE>] soft key displays the {Maintenance
Information Screen }.

key

(Operation ScraeSelection Keys)

{Maintenance Information Screen}

+0.00000 V

+0.00000 Vv
% : D v +0.00000 Vv
> SYSTEM

> Service
— 0 min

ojojojojo
%_J
Not disclosed

Number of Starts (times)

Running Time (min.)
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9.1 Measured signal system
1 VA A 4

9.1 Measured signal system
*1. Thel connectoiare present only on tHd5650, and not on th&l5645.

Therefore, specifications regardihgonnectorapply only to theL15650.

a) Voltage Measurement

Input connector BNC (Front paneA, B)
UseB for A-B (differential inpuj.
Inputtype A singleend
A-B differential
Frequency range
A, A-B 1 mHzto 250 kHz
Sensitivity
A, A-B 10 nVto 1V f.s. (12-5 sequence)

= 1-2-5 sequence in repeating progression
1,2,5,10, 20, 50, 100, 200, 500, ...

\oltageaccuracy
A A-B +0.5% (1kHz, signal level 1 mV, 23+5°C)*?

+2 % (1 kHz, signal level 1 €%)

+0.5% (20 kHz,sensitivity100 mV to 1 V at 235°C)**®

+1% (50 kHz,sensitivity100 mV to 1 VJ°

+2% (100 kHz,sensitivity100 mV to 1 VJ°

+3% (250 kHz sensitivity100 mV b 1 V)*®
*2. with at least 30% fulscale signal (sensitivityllynamic reserve LOW
*3. with DC coupling,dynamic reserve LOVEnd fullscale signal

For details aboutynamicreserve,
F "9.2 Phase Sensitive Detector Section, c) Dynamic Reserve (DR)"

\oltageaccuracytemperaturelrift
A, A-B + 100ppm / °C (supplementary value)
f: 1 kHz, dynamic reserve LOW, A input, sensitivity 1V, signal level 100% of
full-scale sensitivity
Inputimpedance
A B 10Mg ( no mi n a pFinvpartllel sypplemBnBary value)

Input referred noise.
A, A-B 4.5nV/l Hz (supplementary value)
dynamic reserve LOWsensitivity 1mV or lessfrequency kHz, input short
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9.1 Measured signal system

Commonrmode rejection ratio
A-B at least 10@B
AC couging, 50Hz to 1kHz, signal source impedance)Q
dynamic reserveéOW and sensitivity 2hV or less (or MED and @V or less)
Harmonicdistortion
A, A-B 180dBc or less (1MHz to 5kHz, 2-3rd order harmonics, each order)
dynamic reserve LOW, SensitivityV, Signal level 306 of full-scale sensitivity
Maximuminputvoltage(linear operating range)
A, B, A-B + 3V (Eachconnectowoltage and differential voltage at DC coupling)
dynamic reserve HIGH, sensitivity\d

Nondestructive maximum input voltage
A B AC coupling: 10 Vrmssine wavet42 V DC
DC coupling:x14 vV
When a signal is overange, the internal signal protection circuit temporarily
disconnects the input connector.
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9.1 Measured signal system

1 VA A 4
b) Current measurement *
Input connector BNC (front panel)
Inputtype Single-end
Frequency range 1 mHzto maximum values shown in the table below (nominal valuel§g 3
reduction frequency)
cg? Conversion Gain
1M (1P [VIA] 100 M (16) [V/A]
None 250 kHz 10 kHz
150 pF 250 kHz 10 kHz
1nF 150 kHz 1.5 kHz
*2. Signal $urce + Connection Cable Capacitance
Sensitivity 100 fA to 1 A f.s. (with 1 M V/ A cony

10 fAto 10 nAf.s. (with 100 M V/A conversion gain)
Both in 1:2-5 sequence
Currentaccuracy 1%
at 23+£5°C,dynamic reserve LOW
sensitiviityl € A (1 M V/ A conversion gain at 1
sensitivity10 nA (100 M V/A conversion gain at 125 Hz),
30% or more ofull-scale sensitivitgignal
Both aretypical values
Currentaccuracytemperaturealrift
+150 ppm FC
dynamic reserve LOW, supplementary value (monversion gain M [V/A],
1 kHz) and (conversion gain 100 [V/A], 125Hz)
Input referred noise 150 fAIHz (1 M V/A conversion gain at 1 kHz)
15 fA/\/Hz (100 M V/A conversion gain at 125 Hz)
Both aresupplementaryalues
Inputimpedance 1 kq (1 M V/ A conversion gain)
100 kq (100 M V/ A conversion gain)
Both aresupplementaryalues
Maximuminputcurrent (linear operating range)
3¢ A
With DC coupling, dynamic reserve HIGH, conversion gain 1M [V/A]
sensitivity 1 A
Non-destructivemaximuminputcurrent
10 mA
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9.1 Measured signal system
1 VA A 4

¢) Noise density measurement
Sensitivity Voltage 20 nV/\/Hz to 1V/WHz (at inputA, A-B)
Current? 1pA///Hz t o 1J/Hz fwith 1 M V/A at inputl)
100 fA/r/Hz to 10 nAK/Hz (with 100 M V/A at input)
Allin 1-2-5 sequence

d) Input Coupling** A,A-B : AC/DC switching
AC coupling with twestagecascaded 1strderHPF
HPFfc: 0.1Hz (nominal value),

[*1 . AC/DC switching after converting the voltage
e) Input Ground FLOAT / CONNECT (to chassis switching
Withstandvoltage : = 1Vpk max. (DC+AC)
Impedance to chasgisominal value)
:10kq (flopatgaganmnected to the ¢

Remarks The outer contacts of input connectdrsB, I*! and the preamp power supply output
(PREAMP POWER) ground line (0 V) are connected together internally.
Other input and output signal grounds that arespecified otherwise are connected to

the chassis.
f) Line Filter Rejection frequency (fundamental)
50 Hz | 60Hz select
Function
Through
Fundamental rejection (50 Hz or 6(Hz)
. 2 nd order harmonics rejection (100Hz or 120Hz)
., Both of Fundametal and 2 nd order harmonics rejection
Attention

20 dB or more (aftf
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9.2 Phase Sensitive Detector Section
1 y AR A 4

9.2 Phase Sensitive Detector Section
*1: Thel connectoiis present only on thel 5650, and not on th&l5645.
Therefore, specifications regardihgonnectorappiesonly to theLI5650.
*2: Two detectos (primary and secondaBRSDs) are available on tHd 5650 and oneletector
(primaryPSD) is available on thel5645.
Therefore, specifications regarding the secon®&®apply only to the.I15650.

a) Phase Sensitive Detector (PSD)
2phase (Rcos d, Rsin d)
SinglePSD (primary PSD) : LI5645
Dual PSDgprimary PSDsecondary PSD) : LI5650

Settings Items Primary PSD Secondary PSD
Sensitivity Individual Individual*®
Time Constant Individual Individual
Phase Individual Individud
XY Offset Individual Individual
Dynamic Reserve Individual %??ngg/npvgg

*3:  The sensitivity of theecondary PSD is limited by that of themary PSD.
The sensitivity setting of theecondary PSD can be higher than that ofptmary PSD,
but cannot be lower. (For example piimary PSD sensitivity is 1 m\éecondary PSD
sensitv t y can be set to 500 €V, but not 2 mV.

b) Detection Modes

) Measurement Frequency
Detection Mode primary PSD secondary PSD
SINGLE** fundamental fractional harmonic none
DUAL1*® fundamental fractional harmonic fundamental harmonic
DUAL2*® primary frequency secondaryfrequency
CASCADE"’ primary frequency secondaryfrequency

*4. 2-phase detection is at one frequency.
*5: The fundamentadnd a harmonic component of one input signal are measured simultaneously.
*6: Two independent frequency compate (primary and secondary) of one input signal are
measured simultaneously.
*7. Thesecondary PSD isonnected in cascade with fgmary PSD,
so afer a signal is detected by themary PSD, it is further detecteg thesecondary PSD.

For details abat the primary and secondary frequencies,
F "9.3 Reference Signal System, c) Internal Oscillators".
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9.2 Phase Sensitive Detector Section

¢) Dynamic Reserve (DR)

Effective Range

Settings

The actual value changes according to sensitivitydgndmicreserve settings, frequency difference
between signals and noise, and time constant filter setting. The falléabie shows nominal values

at frequencies for which noise is sufficiently attenuated by the time constant filter. Settings that
exceed 100 dB require a large time constant, and drift and measurement value errors may become

larger.

100 B or more(supplementaryalue)

LOW /MEDIUM /HIGH 3-point switching

dynamicreserve (DR) definition

DR = Maximum acceptable noise level + Sensitivity (Bdhle signal)

Inputs: A, AB, | **

DR Setting LOW MEDIUM HIGH
Sensitivity (each input) AC DR AC DR AC DR
Gain Gain Gain
'AM) | 1(100M) | A A-B | | o8| o8| dB| B
1 A 10nA 1V 0 6 0 6 0 6
500 nA 5nA 500 mV 6 6 0 12 0 12
200 nA 2nA 200 mV 14 6 6 14 0 20
100 nA 1nA 100 mV 20 6 12 14 0 26
50 nA 500 pA 50 mV 26 6 14 18 0 32
20 nA 200 pA 20 mV 34 6 20 20 0 40
10 nA 100 pA 10 mV 40 6 26 20 0 46
5nA 50 pA 5mVv 42 10 32 20 0 52
2nA 20 pA 2mv 48 12 32 28 0 60
1nA 10 pA 1 mV 54 12 32 34 0 66
500 pA 5 pA 500 { 56 16 32 40 0 72
200 pA 2 pA 200 { 656 24 32 48 0 80
100 pA 1pA 100 { 56 30 32 54 0 86
50 pA 500 fA 50 ¢ 56 36 32 60 0 92
20 pA 200 fA 20 ¢ 56 44 32 68 0 100
10 pA 100 fA 10 ¢ 56 50 32 74 0 106
5 pA 50 fA 5 eV| 56 56 32 80 0 112
2 pA 20 fA 2 gV 656 64 32 88 0 120
1pA 10 fA 1 eV 56 70 32 94 0 126
500 fA - - - 500 nV 56 76 32 100 0 132
200 fA - - - 200 nv 56 84 32 108 0 140
100 fA - - - 100 nV 56 90 32 114 0 146
- - - - - - 50 nV 56 96 32 120 0 152
- - - - - - 20 nv 56 104 32 128 0 160
- - - - - - 10 nV 56 110 32 134 0 166
AC Gain: Gain ahead of the phaamnsitive detector (PSD)

(common tgprimary andsecondary PSDs)
Gain dB= 20 x log, (linear gain) dB
tiil0re26 dBY 20 T |

Exampl e:

10

0g
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9.2 Phase Sensitive Detector Section
1 y AR A 4

secondary PSD*? dynamic reserve includes the sensitivity ratio of the  primary PSD's
dynamic reserve.
secondary PSD DR primary PSD DR 20xlogq, (primary PSD sensitivity + secondary
PSD sensitivity) dB
Ex.) Input A, DR setto HIGH, primary PSD sensitivity 2 mV (DR value: 60 dB),
When secondary PSD sensitivity is 1 mV
secondary PSD DR 60 dB 20xlogg (2 mV+=1 mV)dB 66 dB

d) Time Constant Filter

Time constant 5¢ s t o -B5kegkence) 1
Attenuationslope 6, 12, 18, 24 dB/oct
Synchronousilter on/off

= About the Time Constant Filter
A cascaded firsbrder lowpass filter suppresses noise and ripple associated with pbasiive
detection.
This digital lowpass filter exhibits the same exponential oesg as an analog filter.
The time constant setting determines the response time of theréiest lowpass filter, and the
attenuator slope is determined by the filter cascade (6 dB/oct per step).
The higher each setting, the greater the noise and rigjpletion ratio.
The following typeof synchronous filter are available.

= About the Synchronous Filter
This is an integeperiod movingaverage filter.
Ripple caused by detection is greatly reduced, and the output is nearly settled in the averaging
interval (integer period), so the time constant can be reduced (to obtaindaptanse).
However, at higher signal frequencies, ripple suppression may be insufficient.

e) Others
Phasenoise 0.001° rms (at 1 kHz, 18 dB/oct or greater attenuation slope)
0.003° rms (at 100 kHz, 12 dB/oct or greater attenuation slope)
0.01° rms (aR50 kHz 12 dB/oct or greater attenuation slope)
Supplementaryalue whenreference signal is external sine wave 1Vrms, time
constant 100ms, synchronization filter off

Phasdemperaturalrift +0.01°/°C (from 100 Hz to10 kHz)
+0.03°/°C (from 10 kHz to 10kHZz)
+0.2°/°C (from 100 kHz t@50 kH2)
Supplementary valuarhen input signal A connector) and external reference
signal REF IN connector) are both Sine wave 1Vrms.
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9.3 Reference Signal System

9.3 Reference Signal System

*1: Two detectos (primary and secondaryPSD9 are available o the LI5650 and onedetector
(primaryPSD) is available on thel5645.

Therefore, specifications regarding the secon®&®apply only to the.I15650.

a) Reference signal source

REN IN external reference sigrial
INT OSC interenal oscillator
SIGNAL measured signal

In SIGNAL, the reference signal is so synchronized with an input signal that
the phase measurement value becomes zero.
*2: The external reference signal is used as the primargsR8farence

frequency at SINGLE, DUALZ, and DUALZ!, and is used as the

secondary one at CASCADE

b) External reference signal

Waveform

Input connector
Input impedance
Inputvoltagerange

SIN POS The waveform crosses theean valuenly twice per period.
The negative to positive crossing of the mean value is
established as 0°.

TTL POS The square wae crosses théhreshold levelonly twice per
period.
The rising edge is 0°.

TTL NEG The sqare wave crosses thhreshold levelonly twice per
period.

The falling edge is 0°.
BNC (front paneREF IN)
1  Mngominal value)100 pF in paralle{supplementaryalue)
SIN 0.3 to 20 Vpp (sine wave)
TTL 0to 5V, High 2.6 V or more, Low 0.8 V or less (square wave)

Pulsewidth (square wave)

40 ns or more (both high and low levels)

Nondestructive maximum inpubltage

15V

Synchronizatiorfrequencyange

per following table

External Synchronous
Detection Mode Reference Signal Fre yuenc Range
Waveform q y g

SINGLE SINPOS 0.3 Hzto 260kHz
DUAL1 **
DUAL2 **

. TTL POS
CASCADE*! TTL NEG 0.5 mHz to 260kHz
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9.3 Reference Signal System

Syndronizationtime 2 periods + 50 méupplementaryalue)
Frequencydisplayresolution

6 digits (to 0.1 mHz below 100 Hz)
Frequencymeasuremerdccuracy

(40 ppm + 1 count)

c) Internal Oscillator*!
Frequencyrimary andsecondary)
Settingrange 0.5 mHz to 260 kHz
Resolution 6 digits (to 0.1 mHz below 100 Hz)
Accuracy +40 ppm

For numerical value settings, frequency is stable immediately after setting.

= Aboutprimary andsecondanfrequencies
Two distinct frequencies are generated for DUAL2and CASCADE*! detection modes. The
primary frequency is that of the intenoscillator connected to th@imary PSD. Thesecondary
frequency is that of the inteal oscillator connected to tlsecondary PSD.

Referencdrequencysource
Internaléxternal switching (external 10 MHz sync function)
Externalreferencdrequency

Input connector BNC (Rear panelOMHz IN)
Frequency range 10 MHz+0.2%
Waveform Sine orsquare wave (45 to 55% duty cycle)
Signal level 0.5Vppto5Vpp
Non-destructivemaximuminput voltage
10 Vpp
Input impedance 1 Kngminal value)
Input coupling AC

Withstandvoltage (Allowed voltage to ground)
142 VVpeak max (DC+AC)

= About the External 10 MH3ynchronizatiorFunction
This 10 MHz reference frequency for frequency synthesis is provided fromtemmagdxoscillator,
and can be used to synchronize with the reference frequency. Therefore, even if no external
reference signalREF IN) is available, synchronization is available by numerical frequency setting
of the internal oscillator.
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9.3 Reference Signal System

Sine wave outpu
Outputconnector  BNC (front panelDSC OUT)
Frequency primary frequency (with detection mode SINGLE, DUALL
primary frequencyor secondary frequency (With detection mode DUAL2
CASCADE", can be selected)

Amplitude Per following table
Range 10 mVv 100 mV 1V
Oto 0to Oto
Extent 10.00 mVrms 100.0 mVrms 1.000 Vrms
Resolution 0.01 mVrms 0.1 mVrms 0.001 Vrms

Amplitudeaccuracy
+(2 % of setting + 1 mV) 20 kHz
+(3% of setting + 1 my" 100 kHz
+(4 % of setting + 2 my' 250 kHz

Maximumoutputcurrent

+15 mA

Load: Resistor connected to signal ground. Following is the same.
Outputimpedance 5 0 (ngminal value)
Harmonicdistortion —80 dBc or less (20 Hp 5 kHz)*®

-70 dBc or less (5 kHz to 100 kH2)

-60 dBc or less (100 kHz 260 kH)**

Outpu voltage setting 1Vrms

*3 : No load,supplementaryalue for each of 2nd to 5th order harmonic

*4 :50 q supplengntaryalue for each of 2nd and 3rd order harmonic

Squarewaveoutput
Outputconnector  BNC (rear paneREF OUT)
Frequency Same as Be wave output
Signallevel TTL (0 to 3.3 Vnominal no load), £8 mA max
Restriction 0 Vrms sine amplitude, output is unstable (fixed at high or low level).
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9.3 Reference Signal System
1 VA A 4

d) Harmonic measurement
detection mode SINGLE
Theprimaryfrequencyto the PSD is n/m times ofference signal frequency.
n range (harmonic) 1to 63
m range (sub harmonic) 1to 63
detection mode DUALT
The primaryfrequency to the primary PSD is n/m times of teéierence signal frequencind the
secondaryrequencyto the secondary PSD is n #spf the reference signal frequency.
n PRI range (harmonics number of primary PSD) 1to 63
m PRI range (sub harmonics number of primary PSD) 1 to 63
n SEC range (harmonics number of secondary PSD) 1 to 63

Harmonics are measured under the followiagditions.

Reference Fundamental frequency range Harmonic frequency range
Signal Source q yrang q yrang
REE IN Synchronization fre_quency range | same as at left
external reference signal
INT OSC Internal oscillator frequency settin Same as at left
range
Synchonization frequencyrange to | Regardless of n, m settings,
SIGNAL . = _
external reference signal always operates at=1and m=1

e) Phase Adjustment
Phaseshift amount Range —-180.000° to +179.999°
Resolution 0.001°

f) Others
Orthogonality +0.001° or bette(suppementarywalue)
Phaseaccuracy +1° (DC coupling, 10 kHz)

+2° (DC coupling, 100 kHz)

+5° (DC coupling, 250 kH2

Reference signal source = REF IN

Signal input connectak (sensitivityl V),

Supplementary valugshen input signal A connector) and external reference
signal REF IN connector) are both & wave 1Vrms.
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9.4 Arithmetic Processing

9.4 Arithmetic Processing
*1: Two detectos (primary and secondaBSDs) are available on tHd 5650 and onedetector(primary
PSD is availableon theL15645 for thePSD
Therefore, specifications regarding the secon&&papply only tothe LI5650.
The following calculations are available for measurement values X, Y and R.

For measurement values X, Y andfR,"9.5 Measured Value Output and Display Section"

a) Offset adjustment Control Enable/ Disable
X, Y . sensitivity of + 10%% (resolution 0.0026)
Both of primary PSD and secondary PSD can be set

= About Offset Adjustment
This function enables deduction of a certain amount fromP®Bs' X and Y outputs. Use it to
cancel crosstalk components contained in the input. Also, bingsett and Y near zero, the
following expansion capabilities can be used to improve the apparent sensitivity and resolution,
enabling measurement of small changes.

b) Expansion
EXPAND X, R: 1, 10, 100 (Ratio of X and R is common)
Y: 1,10, 100
Primary PSD and scondary PSD can be sedlividually.
Apparent sensitivitysignal F. S.) is 1 / EXPAND magnification
Unusable whemormalize orRatio arithmetic processing running.

¢) Normalize Select from the following
None
% value = (measured value fadard value) x 100
dB value =20 x logo | measurement values / standard values |

% FS value = (measured value / sensitivity) x 100
When detection mode is SINGLE, DUALX1DUAL2",
the above measurement value = primary PSD output (X or R)
When detectin mode is CASCADE,
the above measurement vakisecondary PSD output (X or R)
Standard value range
: voltage 1InV to 10V
:current IfA to 1¢ ALI5650 only)
: resolution &digit
Unusable when fpandor Ratioarithmetic processinig running.
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9.4 Arithmetic Processing

1 y A A 4
d) Ratio Select from the following
None
ratio=KxA+B
K: range0.1to 10 (resolution 0.00001)
A, B: Select from a combination of the below
A (measured/alue) B (standardvalue) detectionmode
; SINGLE
primary PSDoutput AUX IN 1 DUAL1 *!
(X, Y, R) / sensitivity measuredralue / 10 V DUAL2 **
primary PSDoutput secondary PSD DUAL1 *!
(X, Y, R) / sensitivity X output /sensitivity DUAL2 **
secandary PSDoutput AUX IN 1 1
(X, Y, R) / sensitivity measured/alue / 10 V CASCADE

Maximum update rate of B is about 18&mples/s.

Unusable whexpand or Mrmalizearithmetic processinig running.

= About the Ratio

This is the ratio of measured value A to standard value B. Determining the ratio enables canceling

out characteristic variation of the parts common to the measurement and standard systems (signal

source, path and sensor).

For a usage exapte, F "1.2 Applications" y Application Examples Taking Advantage of

the Feature of the L15645 / LI5650
b) Measurement of Light Transmission and Absorption, and
Suppression of illuminant Fluctuation (LI5650 only)
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9.5 Measured Value Output and Display Section
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9.5 Measured Value Output and Display Section
*1: Two detectos (primary and secondafySDs) are available on thkl5650 and onedetector
(primaryPSD) is availableon thelL 15645 for thePSD.
Therefore, specifications regarding the second®{Papply only to thd_I5650.

a) Parameter
Select from the following.

Output/Displa Detection Mode
putibispiay SINGLE DUALL*!, DUAL2*, CASCADPE'!
DATAL X, R, AUX IN 1, NOISE Xp,Rp,Yp, O :Xs, Rs,AUXIN 1, NOISE
DATA2 Y, d, AUX IN 1, AUX IN 2 Yp,0p.Xs,Rs, Ys,0s AUXIN 1, AUX IN 2
DATA3 X, R Xp:Rp.Yp, dp Xs, Rs
DATA4 Y, d Yp,0p.Xs,Rs, Ys,0s
. . . p: primary PSD
Remarks: n: Harmonic . s: secondary PSD
X, Y, (At harmonic value settings, 4 i (At h . | . i
. n as a suffix. ExX.: Xn) n: Rarmonic ( t harmonic value settings, n as a suffix.
suffix EX.: Xon)
X nphase component (=R cos d)
Y Quadrature component (=R sp
R Signal amplitude
d Signal phase
NOISE Noise densityrimary PSDonly)
AUXIN 1 DC voltage (rear pan@UX IN 1)
AUXIN 2 DC voltage (rear pan@dUX IN 2)

b) Analog output
Front Panel
Outputconnectos BNC (DATA OUT 1, DATA OUT2: corresponding to DATAL and 2)
Maximum update rate 156.25k samples/s.

Rear Panel
Outputconnectos BNC (DATA OUT 3, DATA OUT4: corresponding to DATA3 and 4)
Maximum update rate 781.25 ksamples/s.

Common Specifications

Full-scale voltage +10 V (bipolar signals), +10 Wugipolarsignals)

Output voltage range =12 V (ncload)

Max output current  £10 mA

Output impedance 4 7 0 (nagninal value)

Output voltage accuracy
+(0.3% + 10 mV), versus measured value corresponding voltage
Refer to the rightmost column of the table in p&t Numeric display"
for measured valuerresponding voltage values
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9.6 Monitor Output
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c) Measurement screen display
Select the screen to display measurement values from the following.
Normal : showthe measured values (DATAL, DATA2) and key settings
Large : enlarged display the measured values (DATAL, DATA2)
Fine : show the measured values (DATAL, DATARATA3, DATA4) and advanced settings

d) Bar Graphs
On Normal and Large measurement screens, displays measured values as bar graphs as well as
numerical values.

€) Numeric display

Numeric display Measurement value
Parameter for the full scale
Range Resolution voltage of the analog
output
Sensitivity/ EXPAND 6 digits e
XY (£ 120%) at full-scale sensitivity £Sensitivity/ EXPAND
Sensitivity/ EXPAND 6 digits L
R (0 to 120%) at full-scale sensitivity Sensitivity/ EXPAND
-180.000 o o
d t0 +179.999° 0.001 +180
NOISE Sensitivity 6 digits e
(Noise Density 0to 120% at full-scale sensitivity Sensitivity
AUXIN1 2 +12V 0.0001V +10V
Ratios +2.4 0.00001 +2
Normalize% + 240 % 0.001 % + 200 %
Normalize% of f.s. + 120 % of FS 0.001 % of FS +100 % d FS
Normalize dB +120 dB 0.001 dB + 100 dB

9.6 Monitor Output
Monitor signal Phasesensitivedetector input signal
Outputconnector BNC (front paneMONITOR OUT)
Maximum output voltage £3 V (no-load)
Output is approximately AC Gain times the input.
Fordetails of AC Gain,
F "9.2 Phase Phase Detection Section, c) Dynamic Reserve (DR)"
Max output current 20 mA
Output impedance 5 0 (ngminal value)
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9.7 Auxiliary Input (DC Voltage Measurement)

VA

9.7 Auxiliary Input (DC Voltage Measurement)

Number of channels 2
Input connectors BNC (rear paneRUX IN 1, 2)
Maximum allowable input voltag@inear operating range)
12V
Nondestructive maximum input voltage
42V
Input impedance 1  Mnominal value)50 pF in paralle{supplementary va)

When signal ground is at chassis potential.
Voltage measurement accuracy

+ (0.3% +10 mV), whentheinputground isequal to the chassis potential

Frequency bandwidth ~ Highest: 5 kHz {3 dB) (supplementary value)
Sampling rate Highest: 125 lsamples/s
Floating characteristc ~ Signal Ground
Maximum voltage to ground (nedestructive)
* 42Vpk max. (DC+AC)
Ground impedance
1Mg (nominal value)
Signal
Maximum voltage to ground (nestestructive)
* 42Vpk max. (DC+AC)

9.8 Auxiliary Output (DC Voltage Output)

Number of channels 2
Outputconnectos BNC (rear paneAUX OUT 1, 2)
Output voltage range +10.500 V (0.001 V rsolution)
Maximum output current

5 mA
Output impedance 1 Kngminal value)
Output voltage accuracy

* (0.3% + 10 mV), ndoad

9.9 Automatic Setting Items

Item Function

Measurement Perform the following item$time constant "sensitivity', "phasé

reference signal.

Time constant Set the time constant and attenuation slope corresponding to the frequency

Sensitivity Set thesensitivity, and dynamic reserve according to the input signal.
Phase Set the phase shift vateme as Y and
Offset Set each offset value, X and Y outputs to a zero
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9.10 Data Memory

9.10 Data Memory

Record data

Recording capacity

Trigger signal

Sampling interval

External trigger

Trigger delay time

Operation

For each sample data, select arbitrary up to five words fronfotteving
recorded data

Recording data Words Data Resolution
STATUS 1 Word 16 bits
DATA 1 1 Word 16 bits
DATA 2 1 Word 16 bits
DATA 3 1 Word 16 bits
DATA 4 1 Word 16 bits

Reference Signal 2 \Words 32 bits
Frequency

STATUS detects the following signals.
UNLOCK (Unsynchronization)
PROTECT (InptiA or B overload)
INPUT (pre PSD overlogd
OUTPUT (post PSD overlogd
AUX (AUX input overload)

Buffers 1, 2 16 to 8192 samples

Buffer 3 16 to 65536 sample (FIFO)

Internal timer/ External triggef Remote control command#lanual trigger
1 sample recorded when triggegisal is received

Internal timer

Range : 9.6 us to 20s, repeated at equal intervals,
Resolution : 640ns, 6 digit max.
External triggef Remote control command#lanual trigger
Range . 1xs arbitrary intervals,
trigger jitter  : 640ns (nominal value)
Input connector BNC (rear paneTRIG IN)
Signal level TTL (High 2.6V or more, LOW 0.8/ or less)
Minimum pulse width  500ns (both high and low level)
Effective elge Falling
Input impedance 10k g(nominal value)
Nondestructive mdamum input voltage
15V
Range 0to 100 s
Resolution 640 ns, 6 digits max

Data is recorded after the delay time has elapsed.
By remote control.
Can not oprate from pandbnly manual triggering is possible).
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9.11 Remote Control Interface

9.11 Remote Control Interface

USB

RS232

GPIB

USBTMC, USB 2.0 HiSpeed
Baud rate

4800, 9600, 19200, 38400, 57600, 115200, 230400 bps
Cable and controller characteristics can inhibit communication speeds over
19200 bps.
Flow control
None, Software (XON/X-OFF), Hardware (RTS/CTS)
Compliance standards IEEE 488.1, IEEE 488.2
10BASET and 100BASETX, TCP/IR LXI
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1 VA A 4
9.12 General Specifications
i Display 4.3inch WQVGA, color LCD
N Power supply AC 100V +10% /120V +10% / 230V+10 %, - 14%
However 250/ or less
50Hz / 60Hz + 2Hz, power consumption A#A or less
Overvoltage categony
A Environmental conditions
Operating  Temperature 0 to +40°C
Humidity 5 t085 % RH, absolute humidity 1 to2g/m?, noncondensing
Altitude 2000 m or less
Storage Temperature 110 to +50°C
Humidity 5 to 95% RH, absolute humidity 1 to 29 gAnnoncondensing

%RH

90

---------- |
80

"\
70 A

A"
60 _ﬁorage . \\
. AN

50 Al
40 N Operating \\
0 \\
20 L.
10 ~—]
0
-10 0 10 20 30 40 50°C
N Pollutiondegre 2 (indoor use)
n Warmup time 30 minutes
N Settingmemory 9 sets
N Resume Return to the last settings at povesr state

N Power output for preamp = 15V (nominal value)
100mA max.(rear pandPREAMP POWER)

N Key-Lock Present (OnOff)
N Lampcontrol Presat (On Off)
Remarks: Cooling fan is always dhcannot be turned off.
N RoHS Directive 2011/65/EU
n Safety and EMC EN 610101, EN610162-030,

EN 613261, EN 613262-1
Remarks: Applies to products with CE marking displayed
on therear panel.

N External dimensions 430(W) x 88(H) x 400(D) mnexcluding protrusions

N Weight Approx. 7.5 kggexcept foraccessories
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9.13 External Dimensions Diagram
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Top cover

Surface treatment

Front panel: Ultralighgray plastic sheet (Munsell 88.2/0.1 semugloss)
Cover: Lightgray leathettone coating (Munsell 6PB7.6/1.2 leather tone)

Rear panel: Lighgray coating (Munsell 6PB7.6/1.2 segloss)
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