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Measurement Process

I Measurement Process

Install the RM2612 Resistance Calculation Software on your
computer.

Installing the software
o o= L

=
. 4

* Connect the RM2611 Electrode Resistance Meter to the RM9004
Test Fixture with the RM9005 Connection Cable.

» Connect the RM2611 Electrode Resistance Meter to the computer
with a USB cable.

Connecting the
equipment (p.24)

Check to ensure the RM2610 Electrode Resistance Measurement

Completing the pre-start : : o
. ti 32) System and optional equipment are not experiencing any
Inspection (p' malfunctions or failures.

¢

* “Basic Measurement” (p.41)
* “Customizing Measurement Conditions” (p.57)

Configuring settings

.

Loading the
measurement target

(p-51)

.

Making measurements - “3.9 Checking Measurement Results” (p.54)

h

Saving the results

.

Completing work Complete measurement and turn off the system.

* “3.9 Checking Measurement Results” (p.54)
* “6.1 Saving Measurement Conditions” (p.79)
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Introduction

I Introduction

Thank you for choosing the Hioki RM2610 Electrode Resistance Measurement System. Preserve
this manual carefully and keep it handy to make full use of this product for a long time. Familiarize
yourself with the separate document entitled “Operating Precautions” before using the product.

Following manuals are available for the instrument. See manuals relevant to your purpose.

Name Manual contents Availability
. . . Printed edition
Operating Precautions Information to ensure safe use of the product (0990A905)
RM2611 Electrode Resistance Information about the RM2611 Electrode Printed edition
Meter Instruction Manual Resistance Measurement Meter (RM2611A961)
RM2610 Electrode Resistance Information about RM2611 Electrode Resistance Printed edition
Measurement System Instruction | Meter and RM2612 Resistance Calculation
. , . ) o (RM2612A961)
Manual (this manual) Software functionality, settings, specifications, etc.
RM9003 Press Unit Instruction . . Printed edition
Manual Information about the RM9003 Press Unit (RM9003A961)
RM9004 Test Fixture Instruction . . Printed edition
Manual Information about the RM9004 Test Fixture (RMO004A961)
RM9005 Connection Cable . . Printed edition
Instruction Manual Information about the RM9005 Connection Cable (RM9005A960)

*: Carefully read the guide before use. The guide can be downloaded from Hioki's website. (p.19)

Latest edition of instruction manual

The contents of this manual are subject to change, for example as a result of product & &
improvements or changes to specifications. A
The latest edition can be downloaded from Hioki's website. %ﬁ
https://www.hioki.com/global/support/download (Ea

Intended audience

This instruction manual has been written for use by individuals who use the product or provide
information about how to use the product. In explaining how to use the product, it assumes
electrical knowledge (equivalent of the knowledge possessed by a graduate of an electrical
program at a technical high school).

Trademarks

* Microsoft, Excel, and Windows are trademarks of the Microsoft group of companies.

* Intel is the trademark of Intel Corporation or its subsidiaries in the U.S. and/or other countries.

 Other products and company names are trade names, registered trademarks, or trademarks of
their respective owners.

License agreement

The product ships with the RM2612 Resistance Calculation Software. Use of the software indicates
acceptance of the terms of the license agreement found at the end of this manual.
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About the Notations Used in This Manual

IAbout the Notations Used in This Manual

Safety notations
This manual classifies seriousness of risks and hazard levels as described below.

f DANGER Indicates an imminently hazardous situation that will result in death of or serious
injury to the operator.

ﬁ WARN | NG Indicates a potentially hazardous situation that may result in death of or serious
injury to the operator.

c CAUTION Indicates a potentially hazardous situation that may result in minor or moderate
injury to the operator or damage to the product or malfunction.

Indicates information or content that is particularly important from the standpoint

IMPORTANT of operating or maintaining the product.

Indicates useful advice concerning product performance and operation.

Indicates a high-voltage hazard. Failure to verify safety or improper handling of
the product could lead to an electric shock, burns, or death.

Indicates an action that must not be performed.

Indicates an action that must be performed.

P

Symbols on equipment

Indicates the need for caution or the presence of danger. For more information
about locations where this symbol appears on product components, see “Operating
A Precautions” (p.6), warning messages listed at the beginning of operating
instructions, and the document entitled “Operating Precautions” that comes with the
RM2611 Electrode Resistance Meter.

Other symbols
* Instructs the reader to see below for additional information.
4| Indicates the default setting. When initialized, the product will revert to this value.
(p. ) Indicates the page number to reference.
START
(Bold) The names of user interface elements on the screen are printed in bold or enclosed in
brackets.
[]
. Unless otherwise noted, the term “Windows” is used to refer to Windows 7, Windows 8,
Windows ;
and Windows 10.

HIOKI RM2612A961-03 3



About the Notations Used in This Manual

Accuracy notations

Hioki defines measurement tolerances in terms of f.s. (full scale), rdg. (reading), dgt. (digit), and
setting values, as indicated below.

(Maximum display value)

f.s. The maximum displayable value or scale length. This is usually the name of the
currently selected range.

d (Reading or displayed value)

9 The value currently being measured and indicated on a measuring instrument.

(Resolution)

dgt. The smallest displayable unit on a digital measuring instrument, i.e., the input value
that causes the digital display to show a “1” as the least-significant digit.

settin (Setting)
9 Indicates the value set as the output voltage, current, or other quantity.

HIOKI RM2612A961-03




I Product Components

Product Components

The RM2610 Electrode Resistance Measurement system (“the product”) consists of the
components in the table below. To purchase an option*', please contact your authorized Hioki

distributor or reseller.

Product

Description

Accessories

O | RM2611 Electrode Resistance Meter

EOGE®

BE®

oG
O =

n_r

m_T

Potential measurement
(Calculated based on
resistance values)

* Instruction manual*?

 Operating Precautions
(0990A905)

» Power cord

» USB cable

* Z2001 Temperature Sensor

Software*!

O | RM2612 Resistance Calculation

Measurement and control
software

* Instruction manual (this
manual)*?

 PC application CD*®

» USB license key

O | RM9003 Press Unit*"

Measurement

(The RM9003 Press Unit
is used to connect the
RM9004 Test Fixture.)

« Instruction manual*?
e Quick manual

O Measurement * Instruction manual*?
(The RM9004 Test Fixture | » Test fixture case
is connected to the RM2611 | « Mounting screws x4
Electrode Resistance Meter | « Probe inspection board
in order to measure the
composite layer resistivity
and interface resistance of
lithium-ion battery electrode
sheets.)

O Connection * Instruction manual*?

*1 Options are subject to change. Please check Hioki’'s website for the latest information.
*2 The latest version of each instruction manual can be downloaded from Hioki’'s website.
*3 The PC application software can be updated to the latest version (p.118).

HIOKI RM2612A961-03




Operating Precautions

IOperating Precautions

Familiarize yourself with the separate document entitled “Operating Precautions” before using
the product and to observe the following precautionary information to ensure that the product can
be used safely and in a manner that allows it to perform as described in its specifications. Use

of the product should conform not only to its specifications, but also to the specifications of all
accessories, options, and other equipment in use.

Installing the product

/A CAUTION

Do not place the product on an unstable or uneven surface. Doing so could cause the
product to fall or turn over, causing bodily injury or damage to the product.

This product may cause interference if used in residential areas. Such use must be avoided unless
the user takes special measures to reduce electromagnetic emissions to prevent interference to the
reception of radio and television broadcasts.

Shipping precautions

Use the original product packaging when shipping the product. Store the packaging material after
opening the product.

/A CAUTION

To avoid damage to the product, avoid subjecting it to vibration or mechanical shock
0 during transport and handling. Exercise particular care to avoid subjecting the product
to mechanical shock, for example by dropping it.

Precautions related to use of the PC application CD

» Exercise care to keep the disc’s recording surface free of dirt and scratches. When writing text
and other information on the label surface, use a writing implement with a soft tip.

» Place the disc in a protective case and avoid exposure to direct sunlight as well as high
temperature and humidity.

+ Hioki is not liable for any computer system issues arising from, or accompanying, use of this disc.

6 HIOKI RM2612A961-03



Operating Precautions

RM9004 Test Fixture (option)

/A CAUTION

» Do not touch the tips of the probes. When an object other than the measurement

target comes into contact with probes, they may be damaged.

® » To avoid damaging the probes, always use the RM9004 Test Fixture in combination
with the RM9003 Press Unit. Use of the fixture without the RM9003 Press Unit is
considered outside the scope of the product warranty.

IMPORTANT

» Always use the test fixture case when storing or transporting the test fixture.

* Electrode sheets that have been measured by the instrument cannot be used in production batteries due
to pressure marks left by the probes. Hioki is not liable for use of electrode sheets after measurement.

HIOKI RM2612A961-03



Operating Precautions
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n Overview

I 1.1 Product Overview and Features

The product comprises an electrode resistance measurement system that measures the composite
layer volume resistivity and interface resistance of electrode sheets used in lithium-ion batteries. Its
principal applications are research, development, and quality control.

New indicators for LIB electrode sheets: Quantifying composite layer resistivity and
interface (contact) resistance

The product isolates and quantifies composite layer resistivity and interface resistance for LIB electrode
sheets. This information can be used in the evaluation of batteries in R&D and quality control to speed up
the development process.

Easy-to-understand display and simple measurement method

Simply move the cursor to a parameter to display guidance such as an explanation of the parameter and
the applicable input range. Additionally, you can isolate and calculate composite layer resistance and
interface resistance simply by placing the probes in contact with the surface of an electrode sheet and
making measurements.

Improved work efficiency (automatic start function)

The instrument detects when the probes make contact with the sample and starts measurement,
eliminating the need to click [Start]. (This function is disabled by default.)

High level of safety

To prevent malfunctions caused by unintended operation, the RM9003 Press Unit has a lock lever. Probes
can be raised and lowered by pulling the lock lever forward.

Easy maintenance

Probes can easily be inspected and cleaned since the system is designed so that the tips of the probes
can be rotated to face forward without removing the RM9004 Test Fixture from the RM9003 Press Unit.

I 1.2 Part Names and Functions

RM2610 Electrode Resistance Measurement System

RM2612 Resistance Calculation Software

1.337E+01

RM9005 Connection Cable

g =)
EEEEEEEEENER @BD% (AR R RRRERRRRRRERERERRIE
@ =) =2
= (0@ @ @ ©
RM9003 Press Unit, i - e
RM9004 Test Fixture RM2611 Electrode Resistance Meter PC
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Part Names and Functions

RM2611 Electrode Resistance Meter

/A CAUTION

below). Connecting a cable to the maintenance ports could cause instrument

® Do not connect anything to the maintenance ports (labeled “6” and “7” in the figure
malfunction or damage.

(Front)

N0,
\‘ %V
(Do n7otuse.) 8 [

(Do not use.) 9 10 1
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Part Names and Functions

No. Name Description See

1 Display Displays the error number. p.122

2 | Stand Tilts the RM2611 Electrode Resistance Meter so that the _
instrument’s screen is easier to see.

3 | Test fixture connector Connect the RM9005 Connection Cable here. p.25

4 | Power inlet Connect the included power cord here. p.26 o

5 | Main power switch Turns the instrument on and off. p.29 g

6 | Maintenance port Not used. - g'

7 | Maintenance port Not used. -

8 | TEMP.SENSOR terminal Connect the included Z2001 Temperature Sensor here. p.28

9 | Serial number The 9-digit serial number indicates the year of manufacture (first
two digits) and the month of manufacture (next two digits). Do not -
remove this sticker as the number is important.

10 | Fuse holder Holds the fuse that protects the measurement circuit. This is not a
customer-replaceable part. Please contact your authorized Hioki -
distributor or reseller if you have an issue with the fuse.

11 | USB port Connects the RM2611 Electrode Resistance Meter to a PC. p.27

Keys
IMPORTANT
Do not operate the keys on the RM2611 Electrode Resistance Measure (excerpt for the standby key).
o Do not use.
comp PANEL AU :
@ i
AHD =
i
@ 62
i
® )
@@ G (o) (o) o) (»)
Do not use. I
Standby key
Name Description See
Standby key Toggles the RM2611 Electrode Resistance Meter’s standby state.
* No light: Power off (no power is being supplied) 29
* Glowing red: Standby state (power is being supplied) P:
* Glowing green: Power on
11
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Part Names and Functions

RM9003 Press Uni

/A CAUTION

To avoid equipment damage, turn off the RM2611 Electrode Resistance Meter before

connecting or disconnecting the RM9005 Connection Cable.

IMPORTANT

* When connecting the RM9005 Connection Cable, insert the cable into the connector firmly and tighten it in

place with screws. If the screws loosen, the resulting poor contact could cause a measurement error.

* The device ships with the up/down lever locked with the lock release lever clamp knob. Loosen the knob

before using the device for the first time.
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Part Names and Functions

No. Name Description See
1 Up/down lever Raises and lowers the RM9004 Test Fixture. -
2 | Test fixture clamp knob Rotates the RM9004 Test Fixture’s probe toward the front. (The 126
knob is used when cleaning the RM9004 Test Fixture.) P:
Test fixture insertion rail Guides the RM9004 Test Fixture as it is inserted. p.24
4 | Test fixture lock lever Clamps the RM9004 Test Fixture in place. p.24
p.126
5 | RM9004 Test Fixture Places the probe in contact with the electrode sheet and p.14
measures the sheet. p.51
6 | Measurement stage Accommodates the electrode sheet under measurement. p.51
7 | Lock release lever Releases the RM9003 Press Unit's up/down lever. When
lowering the RM9004 Test Fixture, pull the up/down lever towards
) . . p.51
you while pulling the lock release lever. The lock will engage
automatically when the up/down lever is raised.
8 | Lock release lever clamp Tightening the lock release lever clamp knob locks the lock
knob release lever in place so that it cannot be moved. (When 115
transporting the product, tighten the lock release lever clamp P:
knob after placing the up/down lever in the raised position.)
9 | Lock disable pin When this pin is enabled, the RM9004 Test Fixture can be raised 52
and lowered using the up/down lever alone. P:
10 | Clamp Clamps the RM9005 Connection Cable. p.25
11 | Serial number For the latest information, check Hioki’'s website. —
12 | Shaft Supports the mechanism that moves the RM9004 Test Fixture up _
and down. Do not touch as the shaft is coated with lubricating oil.
13 | Grounding cable Connect the grounding cable to the RM9004 Test Fixture’s
ground terminal. It is recommended to connect the cable to the p.24
terminal in order to facilitate stable measurement.
14 | Maintenance plunger Locks the RM9004 Test Fixture in place. (The plunger is used 126
when cleaning the RM9004 Test Fixture.) P
15 | Graduated plate Indicates where to position electrode sheets. The probes will 51
make contact at the intersection of the thick graduated lines. P-
13
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Part Names and Functions

RM9004 Test Fixture

IMPORTANT

The RM9004 Test Fixture’s probes are consumable parts. They require periodic replacement but are not
customer-replaceable. Please contact your authorized Hioki distributor or reseller for more information.

It is recommended to purchase a spare RM9004 Test Fixture since the probe replacement process is time-
consuming.

Front and top of the RM9004 Test Fixture

No. Name Description

1 Mounting screws x4 Hold the RM9004 Test Fixture and the test fixture case together. When
using the RM9004 Test Fixture, remove the mounting screw found at each
of the four corners on top of the fixture and remove the RM9004 Test Fixture
from its case.

2 | Test fixture case Used to store or transport the RM9004 Test Fixture.

14 HIOKI RM2612A961-03




Part Names and Functions

Bottom and rear of the RM9004 Test Fixture

probe layout is shown below.

o o o o ¢}
TP5  TP4 TP3 TP2 TP

o ¢} ¢} o [e] [e] (o]
TP13 TP12 TP11 TP10 TP9 TP8 TP7
o o o o o [e] o
TP20 TP19 TP18 TP17 TP16 TP15 TP14
[¢} o o (o] o o ]
TP27 TP26 TP25 TP24 TP23 TP22 TP21
o o o o o (¢} o
TP34 TP33 TP32 TP31 TP30 TP29 TP28
¢} o (¢} (¢} (o) o o
TP41 TP40 TP39 TP38 TP37 TP36 TP35

¢} [¢] ¢} (¢} o
TP46 TP45 TP44 TP43 TP42

No. Name Description See
1 | Connector Connect the RM9005 Connection Cable here. p.25
2 | Ground terminal Connect the RM9003 Press Unit’'s grounding cable here. It is

recommended to connect the cable to the terminal in order to p.24
facilitate stable measurement.
Probe guard Protects the probes to prevent damage. -
4 | Serial number The 9-digit serial number indicates the year of manufacture (first
two digits) and the month of manufacture (next two digits). Do not -
remove this sticker as the number is important.
5 | Probes Make contact with, and measure, the measurement target. The

HIOKI RM2612A961-03

15

©)
<
@
<.
)
=



USB License Key and Screens (RM2612 Resistance Calculation Software)

1.3 USB License Key and Screens
(RM2612 Resistance Calculation Software)

USB license key

/A CAUTION

Exercise care when using the USB license key because static electricity could damage
the USB license key or cause a malfunction of the product.

IMPORTANT

License authentication is performed when the RM2612 Resistance Calculation Software is launched and
when measurement is started. Do not remove the USB license key while the application is running.

Insert the USB license key into the PC’s USB port.

Model

[
RM2612 2019
No.190123456
9

Serial number

Main screen

The Main screen is used to enter measurement and calculation conditions, to start and stop
measurement, and to display analysis results.

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM o] 2 =)
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I OKI
f Settings... Ctrl+S
Gomposi Rarze Made
1.337E+01 Auto ranzs 100Kk 2100 4.4) Meas +analysis
Tnterface resistancs (52 o) Electrode info Aralysis conditions
+ Carposite layer thick. Model area
2.730E 01 [.Ltmﬁ = RORMAL
2 om2
Temperature 2 e d) Element siz=
DDHE]EtDr layer thick. 20 MORRAL
- wm

[

Limit iteration number
Fin contact

Gollector resistivity 2 7000E-08 = EY
Result | Pass | Reduction factar
Errer count 0] 16D
Corment  NMG-1003 Initlal iteration value
Fotential meas. reliabllity Auto calo
Corsisterncy SN
Erorrste[s] N File output
Bnalysis result Patential data for aralysis
Variotion (1 [

Path (zmalysic results)

G ¥RM2610¥Data¥meas.csv

Fath (potential data for analysis)

Aralysis results
Faration number

Coincidence Comy Cloar G¥RM2610¥Data¥calcdatacev
Gliphoard History

Status Progress (potential measurement)

End

Progress (analysis)

Femet
U= alysis

16
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USB License Key and Screens (RM2612 Resistance Calculation Software)

Settings screen

The Settings screen is used to configure detailed settings such as the operating mode and
measurement conditions.

©)
<
@
<.
)
=

17

HIOKI RM2612A961-03



USB License Key and Screens (RM2612 Resistance Calculation Software)
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E Preparing for Measurement

Carefully read the “10.3 Probe Maintenance” (p.135) before use.

2.1 Installing the RM2612 Resistance Calculation
Software

[ IMPORTANT

« Install the RM2612 Resistance Calculation Software before connecting the RM2611 Electrode Resistance
Meter to the PC with a USB cable. If you have already connected a USB cable, remove the cable and
install the software.

« If you have Internet connectivity and can download files, the RM2612 Resistance Calculation Software’s
PC application can be updated. For more information, see “9.2 Updating the Software” (p.118).

Installation confirmation items and precautions

What the RM2612 Resistance Calculation Software includes

» Dedicated Hioki USB driver

* RM2612 Resistance Calculation Software: setup_ RM2612App_v(version number)*.exe
* The version number enclosed in the parentheses indicates the software version number.

Juswainsea| Joy Buledaid

System requirements (recommended)

Operating system Windows 7 pro  (32-bit/64-bit)
Windows 8 pro  (32-bit/64-bit)
Windows 10 pro (32-bit/64-bit)

Windows 11
CPU 4 threads or better
Memory 8 GB or better recommended (4 GB of available RAM required)
Display 1,024 x 768 or better
HDD At least 2 GB of available space
Interface USB 2.0 or better

Measurement times vary with the measurement target and PC processing capacity.
Reference: Calculation time is about 35 s for a PC with an Intel Core i5-7200U. (Time varies with
the measurement target.)
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Installing the RM2612 Resistance Calculation Software

Installation procedure
Install all of the following:
e Microsoft .NET Framework 4.8 or later
» USB driver
 RM2612 Resistance Calculation Software

Installing Microsoft .NET Framework 4.8

Download and install the Microsoft .NET Framework from the Microsoft website (see URL below)
(download the runtime version). If Microsoft .NET Framework 4.8 has already been installed on
your PC, proceed to “Installing the USB driver.”

https://dotnet.microsoft.com/download/dotnet-framework/net48

For more information about how to install Microsoft .NET Framework 4.8, see the Microsoft website.
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Installing the RM2612 Resistance Calculation Software

Installing the USB driver

A dedicated USB driver is required in order to connect the RM2611 Electrode Resistance Meter
to a PC for the first time. The following procedure can be skipped if the dedicated USB driver has
already been installed on your PC, or if you’re using Windows 10 or 11 as your operating system.
The USB driver can be found on the RM2612 Resistance Calculation Software’s PC application
CD or downloaded from the Hioki website (http://www.hioki.com/en/). Do not connect the RM2611
Electrode Resistance Meter to your PC until the installation of the USB driver is complete.

1 Log in to the PC with administrative privileges, for example as “administrator.”

2 Exitall applications running on the PC.

3 Double-click X:\driver\HiokiUsbCdcDriver.msi (where “X” indicates the CD-ROM drive) on
the RM2612 Resistance Calculation Software’s installation disc or the [HiokiUsbCdcDriver]
file you downloaded from the website.

- HickiUsbCdcDriver
Windows Installer Package
781 KB

4 The installer will launch. Follow the instructions on the screen to install the driver.

Juswainsea| Joy Buledaid

It may take some time for the dialog box to display depending on the PC and its settings.

5 connect the RM2611 Electrode Resistance Meter to the PC with a USB cable.
The RM2611 Electrode Resistance Meter will be recognized automatically.

Uninstalling the USB driver

Uninstall the driver if you no longer need it.
1 cChoose [Start] button-[Control Panels]-[Uninstall Programs].

2 Right-click [HIOKI USB CDC Driver].
3 Click [Uninstall] on the shortcut menu.
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Installing the RM2612 Resistance Calculation Software

Installing the RM2612 Resistance Calculation Software

1
2

Log in to the PC with administrative
privileges, for example as “administrator.

Exit all applications running on the PC.

Double-click on [setup_RM2612App_

v (version number).exe] on the RM2612
Resistance Calculation Software’s PC
application CD.

Choose a language and click [OK].

Click [Next].
The setup wizard will launch.

6 Specify the installation folder and click

[Next].

7 Specify where to create the program icon

and click [Next].
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Installing the RM2612 Resistance Calculation Software

8 Choose [Create a desktop icon] and click
[Next].

9 Review the settings and click [Install].
The installation will continue.

Juswainsea| Joy Buledaid

10 click [Finish].
An icon will be created on the desktop.

Installation is complete

IMPORTANT

The RM2612 Resistance Calculation Software will not
launch without a USB license key (p.30).

Uninstalling the RM2612 Resistance Calculation Software
Uninstall the RM2612 Resistance Calculation Software if you no longer need it.
1 Choose [Start] button-[Control Panels]-[Uninstall Programs].

2 Right-click [RM2612App Version X.XX.XX].
3 Click [Uninstall] on the shortcut menu.
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Mounting the RM9004 Test Fixture on the RM9003 Press Unit

2.2 Mounting the RM9004 Test Fixture on the

RM9003 Press Unit

IMPORTANT

Exercise care not to lose the test fixture case’s mounting screws, which you will need in order to store the

RM9004 Test Fixture during transport.

Preparations

Remove the four mounting screws from the top of the
RM9004 Test Fixture and remove the test fixture from the
test fixture case.

1 N Assembly

3

Place the RM9003 Press Unit’s up/down
lever in the raised position.

Orienting the connector side of the
RM9004 Test Fixture so that it’s facing

the rear, slide the test fixture into position
along the RM9003 Press Unit’s test fixture
insertion rails.

Push the test fixture toward the rear until it won'’t
go any further.

Pull the test fixture lock lever toward you
and downward and then let go.
The RM9004 Test Fixture will lock in place.

Connect the grounding cable on the rear
of the RM9003 Press Unit to the ground
terminal on the RM9004 Test Fixture.
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Connecting the RM9005 Connection Cable

I 2.3 Connecting the RM9005 Connection Cable

A\ CAUTION

To avoid damaging the cable, connect and disconnect the RM9005 Connection Cable
only after turning off the RM2611 Electrode Resistance Meter.

IMPORTANT

When connecting the RM9005 Connection Cable, tighten the screws after securely inserting the connector.
Loose screws could result in incomplete contact, causing measurement errors.

1  Verify that the RM2611 Electrode
Resistance Meter’s main power switch (on
the rear of the instrument) is in the OFF (o)
position.

2 Connect the male side connector of the
RM9005 Connection Cable to the test
fixture connector on the RM2611 Electrode
Resistance Meter and tighten the screws
that hold it in place.

Juswainsea| Joy Buledaid

3 Connect the female side connector of
the RM9005 Connection Cable to the
connector on the RM9004 Test Fixture and
screws that hold it in place.

4 secure the RM9005 Connection Cable in
place with the cable clamp.
There are screws for attaching the cable clamp on
the left and right sides of the RM9003 Press Unit.

Choose the appropriate side based on the position
of the device.

HIOKI RM2612A961-03 25



Connecting the RM2611 Electrode Resistance Meter’s Power Cord

2.4 Connecting the RM2611 Electrode Resistance

Meter’s Power Cord

Verify that the RM2611 Electrode
Resistance Meter’s main power switch (on
the rear of the instrument) is in the OFF (o)
position.

Verify that the outlet provides the correct
supply voltage and connect the power
cord to the power inlet on the instrument.

Insert the power cord’s male plug into the
outlet.

If power is interrupted while the
instrument is turned on (for example, by
tripping a circuit breaker), the instrument
will start up the next time power is
supplied even if the standby key is not
pressed.
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Connecting the RM2611 Electrode Resistance Meter to a PC with a USB Cable

2.5 Connecting the RM2611 Electrode Resistance
Meter to a PC with a USB Cable

/A CAUTION

» Before connecting the USB cable to the PC, be sure that you have installed the
RM2612 Resistance Calculation Software. Installing the RM2612 Resistance
Calculation Software after connecting the instrument to a PC with the USB cable will
cause the instrument to malfunction or damage it.

» To avoid damage, do not disconnect the USB cable while the instrument is sending or

0 receiving data.

» Use the same ground for the RM2611 Electrode Resistance Meter and the PC. If
different ground circuits are used, there will be a potential difference between the
RM2611 Electrode Resistance Meter ground and the PC ground. Connecting the USB
cable while such a potential difference exists will cause the instrument to malfunction
or damage it.

1 Verify that the RM2611 Electrode
Resistance Meter’s main power switch (on
@ the rear of the instrument) is in the OFF (o)
position.

2 Connect the USB cable to the USB port
on the rear of the RM2611 Electrode
Resistance Meter.

3 Connect the USB cable to a USB port on
the PC.
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Connecting the Z2001 Temperature Sensor

I 2.6 Connecting the Z2001 Temperature Sensor

Connecting the 22001 Temperature Sensor to the RM2611 Electrode
Resistance Meter

When connecting the Z2001 Temperature Sensor to the RM2611 Electrode Resistance Meter,
insert the connector firmly as far as it will go.

1 Verify that the RM2611 Electrode
Resistance Meter’s main power switch (on
the rear of the instrument) is in the OFF (o)
Q position.
2 Connect the Z2001 Temperature Sensor to
the TEMP.SENSOR terminal on the rear of
the RM2611 Electrode Resistance Meter.

Connecting the Z2001 Temperature Sensor to the RM9003 Press Unit

4 ) 1 Remove the temperature sensor mounting
screw on the RM9003 Press Unit.

2 Insert the Z2001 Temperature Sensor into
the temperature sensor mounting clamp
on the RM9003 Press Unit.

(Insert the wire until the base of the
sensor unit protrudes about 1 cm past the
clamp.)

3 Tighten the screw on the RM9003 Press
Unit’s temperature sensor mounting
clamp.
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Turning the RM2611 Electrode Resistance Meter On and Off

Turning the main power switch on and off

Place the RM2611 Electrode Resistance Meter’s main
power switch (on the rear of the instrument) in the
ON (]) or OFF (o) position.

When the main power switch is turned on, the instrument
will enter the standby state with the same settings as
when the main power switch was turned off the last time.

juswainsea|y Joj Buliedald

Entering and exiting the standby state

Press the standby key.
(Exit the standby state when starting measurement.)

Standby on

(red) When the instrument enters the standby state, the

standby key will glow red.
When the instrument exits the standby state, the standby

Standby off 5 key will glow green.

(green)
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Launching the RM2612 Resistance Calculation Software

2.8 Launching the RM2612 Resistance Calculation
Software

IMPORTANT
The RM2612 Resistance Calculation Software will not launch if the USB license key has not been inserted.

1 Insert the USB license key into a USB port on the PC on which you wish to launch the
RM2612 Resistance Calculation Software.

RM2612 2019
No.190123456 &

i

4 Double-click the icon created when you installed the software as described in “Installing
the RM2612 Resistance Calculation Software” (p.22).
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Launching the RM2612 Resistance Calculation Software

Verify the connection between the RM2611 Electrode Resistance Meter
and the PC

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM =l = ]
File(F) | Setup(S) | Check{(C) Language(L) Help(H) H I 0 KI
1 - @ Settings... Cirl+S
Gomposi| Raree Mode
1.337E+01 | Auto ranss 100k 2(100 1241 Meas +Hanalysis
Iterface resistance [ &Ml Electrode info. Analysis conditions
2 730E+01 Commposite kyer thick. 50 Model area
[& em™2] .
Temperature Element size
Collector layer thick 20 MORKAL

2 — Y|

Pin contact

m,
Limit iteration number
30

Collector resistivity 2 FO00E-06

Result [ Pass | 2 om. Reduction factor
Error count [ o | EEED

Corment  MMC-100a Thitial iteration value
Fotential meas. reliability Auto cale
Cansistency [ Pass |
Errar rate [%] | oo ] AL Euge

Analysis result Potential data for analysis
Varlation [%] EE

Path (analysis results)

3 S — C¥RMZE10¥Data¥meas. oy

Ttaration number

Fath (potential data for analysis)

Coincidence o Cloar C¥RM2E10¥Data¥calcdata oo
Clipboard History

Status Progress (potential measurement)

End

Frogress (analysis)

- Repeat

f Analysis
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1 Choose [Settings].
2 Choose [System].

3 Verify that [Communications settings] shows [(COMxx) HIOKI USB Device [RM2611]].

If the [Communications settings] field is blank, the RM2611 Electrode Resistance Meter is
not properly connected. Check the following items.

If you are unable to establish a connection

» Have you turned on the RM2611 Electrode Resistance Meter? (p.29)
If the RM2611 Electrode Resistance Meter has not been turned on, nothing will be displayed in
the [Communications settings] field.

» Have you connected the RM2611 Electrode Resistance Meter to the PC with a USB cable?

(p-27)
If the instrument has not been connected to the PC with a USB cable, nothing will be displayed
in the [Communications settings] field.

* Have you installed the dedicated Hioki USB driver? (p.19)
If the USB driver has not been installed, nothing will be displayed in the [Communications
settings] field.

If the RM2612 starts up while the RM2611 and computer are connected with a USB cable and
while the RM2611 is powered on, the RM2612 Electrode Resistance Calculation Software will
automatically connect to the last connected RM2611.

To update the contents of the [Communications settings] field, close and reopen the [Settings]
dialog box.
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Pre-use Inspection

I 2.9 Pre-use Inspection

To ensure that the system is operating properly, conduct an inspection and check instrument
operation to ensure that no damage has occurred during storage or transport.

(To complete the OPEN and SHORT inspections, use the probe check board that came with the
RM9004 Test Fixture.)

/A CAUTION

Wipe the probe check board’s gold-plated conductive surface clean with a cloth that has

Do not move the probe inspection board while the inspection is in progress. Doing so
could damage the probes.

0 been slightly moistened with alcohol prior to use.

Has the instrument been damaged? } If so, have it repaired.

Is the insulation on the power cord or » Cord damage could result in electric shock. Do not use

connection cords torn, or is any metal the instrument. Replace the damaged cord with an

exposed? undamaged cord.

When you turn on the RM2611 Electrode } If the HIOKI logo is not displayed on the screen, there

Resistance Meter, is the HIOKI logo may be a wiring break in the power cord or internal

displayed on the screen? damage in the RM2611 Electrode Resistance Meter.
Have the instrument repaired.

Has the instrument been properly » Verify that all equipment has been properly connected.

connected? * “Mounting the RM9004 Test Fixture on the RM9003

Press Unit” (p.24)

* “Connecting the RM9005 Connection Cable” (p.25)

* “Connecting the RM2611 Electrode Resistance Meter’s
Power Cord” (p.26)

* “Connecting the RM2611 Electrode Resistance Meter
to a PC with a USB Cable” (p.27)

« “Connecting the Z2001 Temperature Sensor” (p.28)

Did you perform SHORT inspection? } Verify continuity between the probes, RM2611 Electrode
Resistance Meter, and measurement target (p.33).
Once continuity of all probes has been verified, the
[Pass.] dialog box will be displayed.

If any continuity issues are found, the [Abnormal
contact resistance.] or [Abnormal potential
distribution.] dialog box will be displayed. If you see
frequent errors after changing the measurement location
and verifying continuity again, probes may be suffering
incomplete contact. Take the following steps:

* Use the error rejection function (p.59)

* Clean the tips of the probes with air (p.126)

* Replace the probes

Did you perform OPEN inspection? } Verify that the probes are isolated from each other
(p-38).
Once all probes are confirmed to be isolated, the [Pass.]
] dialog box will be displayed.
If the [Abnormal insulation resistance.] dialog box is
displayed, there may be an insulation defect (continuity)
between probes. Clean the tips of the probes with air
(p-126) and repeat the OPEN inspection.
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Pre-use Inspection

SHORT inspection method

You will need: The probe check board

1 Verify that the up/down lever is in the
raised position.

2 Place the probe check board’s gold-
plated conductive surface (the board
came with the RM9004 Test Fixture) on the
measurement stage.

The probes make contact with the bold graduated
marks on the graduated plate. Position the probe
check board so that the probes will make contact

with the center of the gold-plated conductive
surface.

Probe check
board

2 Gold-plated conductive surface

4 Lock release lever 3 Verify that the clamp knob on the lock
release lever is loose.

Juswainsea| Joy Buledaid

N 4 Pull the up/down lever toward you and

\ H H

L ) [ down while pulling the lock release lever

& /}f 5 toward you.

4 Up/down lever—¢ '[' 05 The RM9004 Test Fixture will move downward

S under its own weight.

< 5 Verify that the RM9004 Test Fixture is fully
lowered.

3 Lock release lever
clamp knob

6 Choose [Check] on the RM2612 Resistance
Calculation Software screen.

7 Choose [RM9004].

8 Choose [SHORT] to perform the SHORT
inspection. (The [Pass.] dialog box will be
displayed if the continuity of all probes is
verified.)

If any continuity issues are found, the [Abnormal contact
resistance.] or [Abnormal potential distribution.] dialog
box will be displayed. If you see frequent errors after
changing the measurement location and verifying continuity
again, the probe may be suffering incomplete contact. Take
the following steps:

* Use the error rejection function (p.59)

* Clean the tips of the probes with air (p.126)

* Replace the probes

9 Once the inspection is complete, raise the
up/down lever.

10 After verifying that the RM9004 Test Fixture
is fully raised, remove the probe check
board from the measurement stage.

HIOKI RM2612A961-03 33



Pre-use Inspection

If a continuity defect is found during the SHORT inspection

34

If any continuity defects are found during the SHORT inspection, a dialog box such as the following
with details will be displayed.

The figure on the left displays the status of each probe. PASS probes are shown in green, while
FAIL probes are shown in orange.

The photograph on the right provides an enlarged view of the probe tips. The photograph is
intended to serve as a reference concerning the probe layout. It does not indicate the current
condition of the probes.

A description of how to resolve the FAIL result is shown at the bottom of the window. Please refer to
this information when performing probe maintenance.

If using the RM9006, you can enlarge the image and clean the probes with air while observing the
probe tips.

Please use cleaning film only if you encounter FAIL results during the SHORT inspection. Abrasives
contained in the cleaning film could make FAIL results more likely during the SHORT inspection by
wearing off the plating on the probe surface and allowing oxidation of the probe tips.
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Pre-use Inspection

Click the link to display photographs illustrating how to perform maintenance.
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If this step fails to resolve the issue, please have the RM9004 serviced.
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Pre-use Inspection

If a potential distribution defect is found during SHORT inspection

36

If any potential distribution defects are found during the SHORT inspection, a dialog box such as
the following with details will be displayed.

A description of how to resolve the FAIL result is shown in the window. Please refer to this
information when performing probe maintenance.

Please use cleaning film only if you encounter FAIL results during the SHORT inspection. Abrasives

contained in the cleaning film could make FAIL results more likely during the SHORT inspection by
wearing off the plating on the probe surface and allowing oxidation of the probe tips.
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Pre-use Inspection

Click the link to display photographs illustrating how to perform maintenance.
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If this step fails to resolve the issue, please have the RM9004 serviced.
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Pre-use Inspection

OPEN inspection method

You will need: The probe check board

1 Verify that the up/down lever is in the
raised position.

2 Place the probe check board’s non-
conductive surface (the board came
with the RM9004 Test Fixture) on the
measurement stage.
The probes make contact with the bold graduated
marks on the graduated plate. Position the probe

check board so that the probes will make contact
with the center of the non-conductive surface.

Probe check
board

2 Non-conductive surface

4 Lock release lever 3 Verify that the clamp knob on the lock
release lever is loose.

4 Pull the up/down lever toward you and
down while pulling the lock release lever
toward you.

The RM9004 Test Fixture will move downward
under its own weight.

5 Verify that the RM9004 Test Fixture is fully
lowered.

3 Lock release lever
clamp knob

6 Choose [Check] on the RM2612 Resistance
Calculation Software screen.

7 Choose [RM9004].

8 cCchoose [OPEN] to perform the OPEN
inspection. (The [Pass.] dialog box will be
displayed if the isolated state of all probes
is verified.)

If the [Abnormal insulation resistance.] dialog box is
displayed, there may be an insulation defect (continuity)
between probes. Clean the tips of the probes with air
(p-126) and repeat the OPEN inspection.

9 Once the inspection is complete, raise the
up/down lever.

10 After verifying that the RM9004 Test Fixture
is fully raised, remove the probe check
board from the measurement stage.
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Pre-use Inspection

If an insulation defect is found by OPEN inspection

If any insulation defects are found during the OPEN inspection, a dialog box such as the following
with details will be displayed.
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The figure on the left displays the status of each probe. PASS probes are shown in green, while
FAIL probes are shown in orange.

The photograph on the right provides an enlarged view of the probe tips. The photograph is
intended to serve as a reference concerning the probe layout. It does not indicate the current
condition of the probes.

A description of how to resolve the FAIL result is shown at the bottom of the window. Please refer to
this information when performing probe maintenance. The cleaning film is not an effective means of
addressing FAIL results during OPEN inspections.

If using the RM9006, you can enlarge the image and clean the probes with air while observing the
probe tips.

Click the link to display photographs illustrating how to perform maintenance.

If this step fails to resolve the issue, please have the RM9004 serviced.
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Pre-use Inspection
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3.1 Setting the Operating Mode

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM o] B =
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 KI
1 - @ Settings... Ctrl+S
Carmpos] Rargs Made
1.337E+01 Auta range 100k Q0100 4 &) Meas +analysis
Interface resistance (2 o] Electrode infa. Aralysiz conditions
2 130E+01 Compasite layer thick. 5o | Modelarea
[ em™2 .
Temperature Ll Element size
29 Chllector layer thick 20 NORMAL
vl
rc ! Limit iteration number
z Pin contact ——— = = - <hllector resistivity 2 FOO0E-06 - &0
Result | Pass | 1 Reduction factor
Error count [T 1888
Comment  AMC=100a Thitial iteration value
Fotential meas. relisbility Auto cale
Consistercy SN
Erorratc (] [ Al @izt
Aralysis result Potential data for analysis

Wariation [%]

Analysis results

Path (analysis results)
CHRMZE10¥ Data¥meas.cov

Path (potential data for anakysis)

Ttaration numbsr
3 Coincidence

Copy. Clear CH¥RM2610¥Data¥caledata ooy
Clipboard History

Encl

Status Proeress [potential measurement)

Progress (amalysis)

|
. Repeat

Analysis

4

1 Choose [Settings].

2 Choose [Measurement].

3 Choose the [Mode] from the following options:

Meas.+Analysisi Perform potential measurement and analysis and save the results to
a file.

Meas. Perform potential measurement and save the results to a file. One
file will be created for each measurement.

Analysis Load a potential measurement file, performs analysis, and save
the results to a file. Multiple potential analysis files can be specified
together.

4 Click [Apply] or [OK] to accept
main screen.)

the settings. (Clicking [OK] will cause you to return to the
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Setting the Operating Mode

About operating modes

Start of measurement End of measurement

Potential measurement Analysis

Meas. Analysis

You can choose the operating mode in order to streamline measurement work. When measuring a
small number of electrode sheets, it is recommended to set the mode to [Meas.+Analysis] so that
potential measurement and analysis are performed for each sheet.

When measuring multiple electrode sheets, efficiency suffers as the analysis step in
[Meas.+Analysis] results in wait times. By choosing either [Meas.] or [Analysis] as the mode,
you can use the time it takes for analysis results to be generated more effectively by grouping
together analysis of multiple boards, boosting work efficiency.

This section describes the workflow when measuring multiple electrode sheets.

IMPORTANT

Each mode has its own [File output] setting. Before clicking [Start], check the [File output]
settings.

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM fol = ==
File(F) [ Setup(S) | Check(C) Language(t) Help(H) HIOKI

] Settings... Ctrl+S
Cormposi

1.337E+01

Interface resistance [ &)

2.730E+01

[2 em’2]

Rarze Mode
Auto rangs 100k 2 (100.22.4) Meas +Anslysis

Elestrods info Aralysis conditions
Oumﬁnsita layer thick sol | [[Hedalar=a
Lz MORMAL
Elerment size
Collestor layer thick 20 NORMEAL
sl

Terperature

tc] === Lirit iteration nurmber
30

Collector resistivity 2 7000E-06
Result [ erm] Redustian factor

Error count oy

Gomment  MVIC-100a Tnitial iteration valie
Auto cale.

=

Patential meas. reliability
Carsistency

Erorrate (4] AoErsTs
~@ 7| Analysis result Potential data for analysis
Varmton ] I
Path (analysis results)
Aralysic results CH¥RM2610¥Data¥meas cav
Haration rumber  [IRZEEHN Path (potential data for aralysi)
Coincidence ["1000 | e Clear GH¥RM2610¥Data¥calodata csv
Clipboard History
Status Progress (potential measurement) RM2611 Connected
Pragress (analysis!
Repeat
2 7 ™ Anlysis
—————————————————0

3,9
Choose [Meas.] under [Mode].

Click [OK] to accept the settings.

Place an electrode sheet in the RM9003 Press Unit and click [Start] to
perform potential measurement (p.51).

A WIN=

A potential file for analysis use with a filename created by appending a time
stamp to the filename as set in [Path (Analysis results)] will be output. (One
file will be output for each measurement.)

Potential measurement

Repeat the measurement step for each sheet (Step 3).

Choose [Analysis] under [Mode].
Click [OK] to accept the settings.

Select [Analysis result] under [File output].

©OONOSO O

Analysis

Click [Start] to display a file selection dialog box. Select multiple files output
during [Meas.] operation and click [Open]. (Analysis will be performed one
file at a time, and analysis results will be appended to the analysis results

N file.)
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I 3.2 Setting the Resistance Range

Setting the Resistance Range

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM = = =)
File(F) | Setup(S) | Check(C) Language(L) Help(H) H l 0 Kl
" Settings... crlhis . I | ======================
Composil__otings. Colts |}, Ranes ! tiode
1.337E+01 1[V] Auta range 100k QL1002 A) I Meas+Analysis
= Reccococcooccocccococoooood U
Interfacs resistancs (¢ oml Electrode info Analysis conditions
+ Gornposite layer thick Ikl e
2.7130E+01 Ty %0 NORMAL
[2 em™2] .
Temperature Element size
GCollector layer thick 20 NORMAL
227 ]
rcl Limit iteration number
o it GCollector resistivity  27000E-06 = &
Result [ Pass | Reduction factar
Error count NI 10000
Carnment NMG—-100a Initial iteration value
Potential meas. reliability Auto calo
Consistency SN
Erorrat= (4] AISEnEA
Analysis result Potential data for analysis
Variation [¥] EEE
Path (aralysic results)
Amalysis results C#RM2G10¥Datakmeas csu
Itaration number Path (potential data for analysis)
Coincidence Copy Glear C#RM2610¥Data¥ caledata cov
Clipboard Histary
Status Progress (potential measurement)
End
Progress (amalysis)
Repeat
1™ prelysic

To indicate that potential measurement results obtained using the 10 MQ range are merely values for
reference purposes, values of the composite layer volume resistivity and interface resistance appear dimmed.

Auto rangeM

Select the optimal resistance range automatically (recommended).

Resistance range

When [Auto range] is disabled, allows you to select the resistance

range you wish to use. The measurement current (output current) is

displayed next to the resistance range.

1000 mQ, 10 Q, 100 Q, 1000 Q, 10 kQ, 100 kQ, 1000 kQ, 10 MQ*
*Potential measurement results obtained using the 10 MQ range
are merely values for reference purposes.

Choosing the range

range] function to perform th

» Select [Auto range].

Start of measurement

Although [Auto range] selects the optimal resistance range automatically, measurement will take
more time than when the resistance range has been selected.

When measuring multiple electrode sheets with the same resistance value, perform the first
measurement using [Auto range] and then choose the resistance range that was used by the [Auto

Change the setting as necessary.

e second and subsequent measurements in order to save time.

End of measurement

Potential measurement

Analysis

Contact

check Auto ran

ge | Measurement

» Choose a resistance range.

Start of measurement

End of measurement

Potential measurement

Analysis

Contact

Measurem
check

ent

time is needed.

The potential measurement using the 10 MQ range requires a longer time because the delay
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Configuring the Contact Check Function

I 3.3 Configuring the Contact Check Function

The contact check function measures the contact resistance of the measurement target and probes
before measurement to detect probe contact errors and prevent decreased reliability of measured
values due to incomplete probe contact. The function can identify pins with incomplete contact and
prevent measurement errors.

' RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM ol & | =)
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 KI
1 —_ @ Setfings.. Ctrl+S
Torpae b Rarge Mods
1.337E+01 Aute range 100k Q{100 4 &) Meas +Aralysis
Interfans rasistance 12 o1 1 Electrade info. Analysis conditions
[im MORMAL

[2 em™2] Elerment size

Collecte layer thick. 20 NORMAL
wm]

Temperature

Limit iteration nurmber
Gollectc resistivity 2 7000E-06 - 30
[ cm]

Result: Reduction factor

[cl
2 L.
==

Error count [0 ety
Gommer  MMC=100a Initial iteration value
3 Potential meas. reliability Auto cale
Error rate [%] File outp &
rat Analy s result Potential data for analysis
Vit i
4 Path (e ysis results)
Aralysis results CERMZE 108 Data¥mess cov
Traration rumber  [IZECIN Path (pal ntial data for analysis)
Coincidence 1.000 [ Clear C¥RMSZ |0¥Data¥calodata csy
Clipbuard Histary
Status Prosress (potential measurement) SEiEse
End

Progress (analysis)

Repeaat
= Analysi

5

1 cChoose [Settings].
2 Choose [Measurement].

3 Choose one of the following settings for [Contact check]:

ONM Enable the contact check function.

OFF Disable the contact check function. (Skip step 4 below.)

4 Enter the error data threshold at which to stop measurement in the [Threshold] field.

Initial value Valid setting range
2.000E+04 1Qto 10 MQ

5 Click [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the
main screen.)
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Configuring the Contact Check Function

Using the contact check function

The contact check function improves the accuracy of potential measurement by detecting
incomplete probe contact. Ordinarily you should enable the function, although you can shorten
measurement times by disabling it. Change the setting as necessary.

« Enable the contact check function.

Start of measurement

End of measurement

Potential measurement

Analysis

Contact
check

Auto range

Measurement

« Disable the contact check function.

Start of measurement

End of measurement

Potential measurement

Analysis

Auto range

Measurement

HIOKI RM2612A961-03
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Saving Contact Check Results

I 3.4 Saving Contact Check Results

Contact check results can be output to a file. The filename is generated by adding “CC_" to the
beginning of the filename set as the analysis results path. Results will be appended to the file if
the name of an existing file is entered as the analysis results path. For more information about the
output format, see “7.3 Output File Formats” (p.91).

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM o & ==
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 KI
1 L @ Settings... Ctrl+S
e — Ranize Mode
1.337E+01 Aute rangs 00K (100 12 4] Mese +analysie
Interface resistance 12 M) Electrods info Aralysis conditions
Gornpeis! » layer thick 5y Modelarea
wm MORMAL
Element size
[Ci\le]l:tc layar thick 20 MORMAL
m

Limit iteration number
30

Fin contact

Cn\le:t]( resistivity 2 TOODE-06 -

Result [ Pass | £ em Reduction factor
1.0000
Errar count I
Commer  MMCG-100a Initial iteration valus
Potential meas. reliability Auto cal.
o Consistency
File outp t
Error rate [%] EE
Araly s result Potential data for analysis

3 Yariation [4] EEE

Path (an: ysic results)

Analysis results CH¥RMZE 10¥ Data¥meas cav

Ttaration number  [IEZESH Path (pol ntial data for analysis)

Coincidence Gopy Glear GHRMZC |0¥Dstadcalodata ooy
Glipboard History

Status Progress [potential measurement)

Progress (analysis)

4

1 Choose [Settings].
2 Choose [File].

3 Choose one of the following settings for [Contact check results]:

ON Save contact check results.

OFFM Do not save contact check results.

4 ciick [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the
main screen.)
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Entering Electrode Sheet Information

I 3.5 Entering Electrode Sheet Information

In order to calculate electrode resistance, you will need to enter information about the electrode
sheet being measured. Analysis cannot be performed without this information.

IMPORTANT
If the operating mode is set to [Analysis], the electrode sheet information stored in the specified potential
data for analysis file will be used instead of the electrode sheet information on the screen.

A WN=

1 Enter the composite layer thickness in the [Composite layer thick. [pm]] field.

Valid setting range Initial value Format

0.0001 ym to 1000 ym 50 Decimal or exponential with 5 significant digits

2 Enter the collector layer thickness in the [Collector layer thick. [um]] field.

Valid setting range Initial value Format

0.0001 pm to 1000 pm 20 Decimal or exponential with 5 significant digits

3 Enter the collector resistivity in the [Collector resistivity [Qcm]] field.

Valid setting range Initial value Format
1.0000E-10 to 1.0000E+5 2.7000E-06* Decimal or exponential with 5 significant digits

*Volume resistivity of aluminum

Volume resistivity (reference values)

You can choose between aluminum and copper from the pull-down menu.
Aluminum 2.7000E-06
Copper 1.7000E-06
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Entering Electrode Sheet Information

4 Enter a comment if desired in the [Comment] field (up to 30 characters).

The comment entered here will be added to the output file. Please note that commas (“,”)
and semicolons (“;”’) cannot be entered in this field.
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Saving Measured Values

I 3.6 Saving Measured Values

Measurement results and potential distribution data for analysis are saved in the CSV format. If
you choose the data you wish to output before measurement, a CSV file will be created when
measurement ends.

IMPORTANT

Measurement results will not be saved if you do not choose which data to output. The available settings for
[File output] vary with the operating mode, so check which types of data are available before clicking [Start].

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM =l = =
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 KI
| Settings... Ctrl+S
Garnpos] Ranze Mode
1.337E+01 Auto rangs 100k $2 (100 22 ) [ ——
Interface resistance L 5l Eestirms i Analysis conditions
2 730E+01 Cormposits layer thick. 50 Model area
s ©
[& em2] ) Q
Temperature Element size 7]
29 Collector layer thick 20 MORMAL o
v sm]
I Limit fteration number z
Pin contact Collector resistivity 2 7000E-06 = <0 ]
3 Recult [ “Pass | [& em] Reduction factor 8
Error cout - IEE EEED c
@ Comment NMG-100s Thitial iteration valus o
Potential meas. relibility Auto calo. 3
Consistency [Tres | o
Error rate [¥] | oo | :F”E output : 3
1 — @] Analysis result Potential data for analysis |
Varistion [] B ) === c==cecm===—=cesecsmeasee===
T EBrRTEOEI ooo-----SSEEEESIZZZoceceos
2 Analysis results _; C¥RM261 0¥ Data¥meas csv
Ttaration number

:F’ath (potential data for analysis)

T Clear | GHRIZS1 0¥ Data¥aledata o5y !
Cliphiard History

Status Progress (potential rmeasuremerit)

End

Coincidence

Frogress (analysis)

1 Repeat
Analysis

1 Choose the type(s) of data you wish to output under [File output] (choose the data you wish
to output to a file).

You can choose multiple types of data.

Analysis result Save composite layer resistivity, interface resistance results, and
measurement conditions. For more information about output file
formats, see “7.3 Output File Formats” (p.91).

Potential data for analysis Save potential measurement results. The data can then be used in
[Analysis] operating mode (p.41).

2 Specify the name of the file to which you wish to save the measurement results and click
[Browse].
Specify a folder and file for each data type. Be sure to specify a filename as well as a folder.
For more information about output file formats, see “7.3 Output File Formats” (p.91).

Path (analysis results) If you specify the name of an existing file, measurement results will
be appended to the file. If you specify the name of a new file, the file
will be created.

Path (potential data for Generate one file for each potential measurement performed. A time
analysis) stamp is appended to each filename so that you can differentiate
among results.

3 Enter the name of the filename you wish to use.

4 Click [Open] to save the filename.
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Saving Measured Values

Saving the current measurement results

50

Even if you did not choose data to save under [File output] before measurement, you can save the
last analysis results and potential distribution data for analysis as a CSV file by choosing [Save file]
on the [File] menu and choosing [Analysis results] or [Potential data for analysis]. The data will
be saved to the filename set with the [Path (analysis results)] field.

IMPORTANT

If using this functionality to save analysis results or potential data for analysis, be sure to choose [Save file]
before changing settings or electrode sheet information.

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM el ® ==
File(F) | Setup(S) Check(C) Language(L) Help(H) H l 0 KI
(s )
Savefile » Analysis results
! y Rangs Mode
Auto range 100k Q{100 1 A) Wz +hnalysis
Electrode info Aralysis conditions
onmﬁnsite layer thick so | Modslares
[m. MORAL
Eletment size
Collector layer thick 20 MORMAL
]
Limit iteration number
Pin contact Collector resistivity 2 7000E-08 = =0
Result [ Pass | L& cml Reduction factar
Error count [ ] LY
Comment  NG-100a Tnitial iteration value
Potential meas. reliability Auto cale.
GConsistency | Pass |
Error rats [%] N File output
Aralysis result Potential data for analysis
Varfatian [#] EEE
Path (analysis results)
e G ¥RM2610¥Data¥meas cov
ttaration rurrber  [IEZEEEN Path (potential data for analysis)
Sefraimes Gopr Clear G RME O¥ Dt caledata s
Glipboard History

Status Progress (potential measuremsnt)

End

Progress (analysis)

Repeat

I Analysis
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Loading an Electrode Sheet into the RM9003 Press Unit

3.7 Loading an Electrode Sheet into the RM9003
Press Unit

/A CAUTION

Do not move the electrode sheet if the RM9004 Test Fixture is in contact with it. Doing
so may damage the probes.

electrode sheet. Measurement cannot be performed if the RM9004 Test Fixture is not in

0 Start measurement after verifying that the RM9004 Test Fixture is in contact with the
contact with the electrode sheet.

IMPORTANT
Exercise caution not to pinch your fingers or other body parts when lowering the RM9004 Test Fixture.

1 Verify that the up/down lever is in the
raised position.

2 Place an electrode sheet on the
measurement stage.

The probes will make contact with the bold
graduated marks on the graduated plate.
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Verify that the clamp knob on the lock
release lever is loose.

4 Pull the up/down lever toward you and
down while pulling the lock release lever
toward you.

The RM9004 Test Fixture will move downward
under its own weight.

5 Start measurement once the RM9004 Test
Fixture is fully lowered. (p.53)

3 Lock release lever

clamp knob
Ly

6 Once measurement completes, raise the
up/down lever.

7 Remove the electrode sheet from the
measurement stage after verifying that the
RM9004 Test Fixture is fully raised.
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Loading an Electrode Sheet into the RM9003 Press Unit

Operating the RM9004 Test Fixture using only the up/down lever
(disabling the lock release lever)

IMPORTANT

When the lock release lever is disabled, the RM9004 Test Fixture can be raised and lowered using only the
up/down lever. Exercise care not to pinch your fingers or other body parts by unintentionally lowering the
RM9004 Test Fixture.

1 Verify that the up/down lever is in the
raised position.

2 Move the lock disable pin toward the
inside while pulling the lock release lever
toward you.

The lock release lever will be disabled, allowing
the RM9004 Test Fixture to be raised and lowered
using only the up/down lever.

To reenable the lock release lever, perform this
procedure in reverse to return the pin to its original
position.
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Starting Measurement

I 3.8 Starting Measurement

IMPORTANT

* Allow the instrument to warm up for at least 60 minutes to ensure measurement accuracy.
» Do not touch the RM9004 Test Fixture or other system components during measurement.

' RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM ol & | =)
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 KI
i Settings... Ctrl+S

Compasi 4 Ranze Made

1.337E+01 Aute range 100k 20100 4 &) Meas +Aralysis
Intertans rasistance 12 o1 Electrade info. Analysis conditions

+ Composite layer thick WMode| area
2.730E+01 [#mﬁl = MORMAL

[2 em™2]

Temperature Element size

Cillestor layer thick. 20 NORMAL
22.7 am
el Lirmit iteration number
Pin contact Collector resistivity 2 TOOOE-06 - &y
Result =1 st em, Reduction factar
Error count [0 e w
Gomment  MMG=100a Initfal iteration value Q
Potential meas. reliability Auto cale ®.
Conslstency  IEEEN o
Errar rate [¥] EE File output =
Analysis result Potential data for analysis o)
Variation (%] B ©
Fath (analysis results) 0
Aralysis results C¥RMZE 0¥ Data¥meas osv c
=
Ttaration number Path [potential data for analysis) D
Coincidence o Cloar G¥RM2610¥Data¥calodata.cay 3
Gilipbuard Histary [0}
)
—
Status Progress ([potential measurement)
End

Progress (analysis)

R
:ﬂb Analysis

Start Starts measurement.
Abort Aborts measurement.
Repeat analysis Uses the potential measurement results from the last measurement

to repeat analysis. Use this function if you entered an incorrect value
for the composite layer thickness or if you wish to repeat analysis
after increasing the limit iteration number or decreasing the reduction
factor after analysis has generated an error.

Counter function

The RM2612 Resistance Calculation Software provides functionality for counting the number of
measurements the instrument has performed. This information is output to the analysis results file
and potential distribution data for analysis file as a rough indicator of the number of measurements
performed by the RM9004 Test Fixture. See “7.3 Output File Formats” (p.91).
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Checking Measurement Results

I 3.9 Checking Measurement Results

54

Once potential measurement and analysis have completed normally, the measurement results will

be displayed.

IMPORTANT

If the error rejection function is enabled, measured values will be shown in red if error data has been

rejected.

Composite volume resistivity

Indicates the calculated layer resistivity. You can choose between
volume resistivity and surface resistivity in the settings. If an error
occurs, a description of the error will be displayed.

Interface resistance

Indicates the calculated interface resistance. If an error occurs, a
description of the error will be displayed.

Temperature Indicates the temperature near the RM9004 Test Fixture as measured
by the RM2611 Electrode Resistance Meter. The temperature when
potential measurement was completed is shown.

Display Description Solutions

MEASUREMENT ERR Current error Either change the resistance

range or set the range to auto.
Over-range
CONTACT ERR Contact error « Perform the RM9004's SHORT

inspection to check whether the
probes are in good condition.

* Try changing the contact check’s
resistance threshold so that it’s
greater than the measurement
target’s resistance value.

CONSISTENCY ERR

Consistency FAIL (unexpected
measured potential gradient)

Change the measurement location
and repeat measurement.

ANALYSIS ERR1

The calculation failed to converge,
even though the maximum number
of repetitions was performed.

Try repeating the calculation after
increasing the maximum number
of calculation repetitions.
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Checking Measurement Results

Display Description Solutions
ANALYSIS ERR2 The calculation results indicate a | Try repeating the calculation after
negative composite layer resistivity | reducing the reduction factor (try
or interfacer resistance value. a value from 0.5 to 0.8). Since a

smaller reduction factor means
more repetitions will be needed
for the calculation to converge,
increase the maximum number of
repetitions.

ANALYSIS ERR3 Other calculation error Try repeating the calculation after
changing the [Model area] and
[Element size] settings.

Pin contact Result Indicates FAIL if there was a contact error or PASS if there was
no contact error.

Error count Indicates the number of probes exhibiting a contact error.
Potential meas. Consistency Indicates PASS if the relative magnitudes of the potential
reliability measurement results suggest the proper potential gradient

near the center. Indicates FAIL if the proper relationship is not
observed, in which case operation will not proceed to analysis.

Error rate [%] Indicates how many potential measurement results generated
measurement errors as a percentage of all potential
measurement results. (This value is not the same as the
number of probes generating contact errors.)
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Variation [%] If multiple potential measurements were performed, indicates
the amount of variation among potential results (i.e., the
coefficient of variability) as a percentage.

Analysis results Iteration number | Indicates the number of iterative analyses performed,
calculated as the number of iterations divided by the limit
iteration number.

Coincidence Indicates the extent to which the measured potential distribution
matches the calculated potential distribution. A value of 1.000
indicates a perfect match, while smaller values indicate a less
perfect match. (Negative values are possible.)

History Displays the measurement history. New results are appended
to the history as they are obtained. When analysis is
performed, the history displays the composite layer resistivity,
interface resistance, and temperature. If the operating mode
is set to [Meas.], only the temperature [°C] will be shown. If an
error occurs during potential measurement or while performing
calculations, a description of the error will be displayed.
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Maintaining the RM9004

Observe the tips of the probes on the RM9004 Test Fixture and clean them with air. If using the
RM9006, you can enlarge the image and clean the probes with air while observing the probe tips.
Electrode material may adhere to the probe tips, even if the SHORT and OPEN inspections yield
normal results (see figure below). Such deposits may cause contact defects or insulation defects or
negatively affect probe movement. Early removal may extend the RM9004’s service life.

IMPORTANT

Please determine maintenance intervals that take into account the following timing factors:
» Operating hours

* Measurement counts

« Different operators

« Different electrode materials and characteristics

If using the RM2612, a message encouraging maintenance is displayed every time the number of
measurements reaches a predetermined value. By default, this message is shown each time 300
measurements are performed. The count can be changed with the [Maintenance interval] setting in
administrator mode.
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Conditions

4.1 Choosing the Measurement Speed

Customizing Measurement

You can choose the measurement speed from four options: FAST, MEDIUM, SLOW1, and SLOW2.

-/ RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM e & ==
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 KI
1 —@ Settings... Ctrl+S
Cormpos| 3 Rarze Mads

Auto ranze 100k Q{100 1 A)

1.337E+01

[2 cm]

Interface resistance Electrode info

[l

@F'in contact

Result:

Potential meas. relisbi

3 -

Error count

Meas +hnalysis

Analysis conditions

2. 730E+01 GCorposite layer thick 5o Modelarea
| 2.730E+01] i
2 em?] )
Temperature Element size
Gollestor layer thick 20 NORMAL

.
Limit iteration number

Collector resistivity &y

2 7000E-06
€ cm

4

Reduction factor
1.0000

Gomment  MMC-100a Initial iteration value

Auto cale,
File output
Aralysis result Potential data for analysie

Path (analysis results)

G¥RM2510%Dsts¥meas cov
Path (potential data for analysic)
CH¥RMIG10¥Data¥calodata osy

Gapy Clear
Clipboard History

Error rate [%] 0 ]
Variation [4] EEE
Aralysis results
Ttaration number  [IEEESHN
Coincidence
Status
End

Progress [potential measurement)

Progress (amalysis)

4

1 Choose [Settings].

2 Choose [Measurement].

3 Choose one of the following settings for [Speed]:

FAST

The measurement speed can be set to any of the following four

MEDIUMM

values: FAST, MEDIUM, SLOW1, and SLOW2. MEDIUM, SLOW1,

SLOW1

and SLOW2 have increased measurement precision compared
to FAST, making measurements less susceptible to the effects of

SLOW2

the external environment. However, those settings result in longer
measurement times than FAST.

4 Click [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the

main screen.)
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Auto Start Function

I 4.2 Auto Start Function

The auto start function allows you to start measurement automatically when the probes make
contact with an electrode sheet. Since measurement starts without requiring you to click [Start],
this function is convenient when you need to measure multiple electrode sheets in a row. You
can set the time (delay time) allowed to elapse from the time the probes make contact with the
electrode sheet until measurement begins.

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM ol ® ==
File(F) | Setup(S) | Check(C) Language(L) Help(H) H l 0 KI
1 - @ Scttings... Ctrl+5
Composi ¥ Range Mode
1.337E+01 Auta rangs 100k (100 12 4) Wsas HAralysis
Interface resistance [ eml Electrode info tnalysis conditions
2.730E+01 GComposite layer thick 5o | Modelarea
| 2730E+01 ot
[& em™2] )
Termperature Elernent gize
GCollector layer thick 20 MORMAL
2 27 ]
rcl Limit iteration number
2 @ Fin contact FUHEDt]Dr resistivity 2 7000E-08 - =
Result [ Pass | £t om Reduction factor
Error count N Uity
Comment  NMG—100a Tnitial iteration valus
Potential meas. reliability Auto cale.
GConsistency | Pass |
Error rate [%] 0] File output
3 Aralysis result Fotential data for analysis
[EgErTe “_j
Path (analysis results)
e G¥RM2E10¥Data¥meas cov

709 ) )
4 ) Path (potential data for analysis)

Sefremes Gony Clear CE R 0¥ Dmte calecdate s
Glipboard History

Status Progress (potential measurement)

Progress (analysie]

Repeat

I Analysis

5 ]

6

1 Choose [Settings].
2 Choose [Measurement].

3 choose one of the following settings for [Auto start]:

ON When you click [Start], measurement will start once the time entered
in the [Delay time [ms]] field has elapsed after the probes make
contact with the measurement target. (If you encounter numerous
contact errors, try increasing the delay time.)

OFFM Require user operation to start measurement. (Skip step 4 below.)

4 Enter the time to allow to elapse before measurement starts in the [Delay time [ms]] field (0
ms to 2000 ms).

5 Click [OK] to accept the settings. (Clicking [OK] will cause you to return to the main screen.)

6 Click [Start] on the main screen.

The instrument will begin monitoring the state of probe contact. Once the probes make
contact with the electrode sheet, it will start measurement once the [Delay time [ms]] has
elapsed. Once measurement is complete, the instrument will verify that probes are in the
open state and then begin monitoring the contact state again.
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Rejecting Error Data during Measurement (Error Data Rejection Function)

4.3 Rejecting Error Data during Measurement (Error
Data Rejection Function)

You can reject error data during measurement. Measurement will continue until a set threshold is
exceeded, even if current errors, over-range errors, or contact errors are encountered.

Rejected error data

 Data with current errors

* Current channel data with a consistency result of FAIL
* Potential data from probes with contact errors

' RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM [l = ==
File(F) | Setup(S) | Check(C) Language(L) Help{H) H I o KI

Torpoe] @ Settings... Ctrl+S X

1.337E+01

(& om]

Interface resistance

2_730E+01

[ em™2]
Temperaturs
rcl
@ Fin contact
Recul =
Error count B
Potential meas. reliability
Gonsistency | Pazs |
Errar rate [%] N
Varistion [¥] | 56 |

Analysis results

===

Coincidence

Copy Clear
Clipboard History

Status

End

Progress [potential measurement)

Progress (analysis)

=

Range
Auto ranze

Electrode infa

Oomﬁosite layer thick

Laemm

GCollector layer thick
wirn]

GCollector resistivity 2. 7000E-06

Comment  MMG-100a

File output
Aralysis result

Path (analysis results)
C¥RM2610¥Data¥ meas v

Path (potential data for amalysis)
G¥RM2E10¥Data¥ calcdata cov

Repeat
Analysis

100k (100 1 A)

50

20

Potential data for analysis

Mode

Meas +Analysis

Analysis conditions
Madel area
MORMAL
Elerment size
MORMAL
Limit iteration numbsr
20
Reduction factar

1.0000

Tnitial iteration value
Auto cale.

Browse
Browse

5

1 Choose [Settings].

2 Choose [Measurement].

3 choose one of the following settings for [Error data rejection]:

ON

Reject error data.

OFFM

Do not reject error data. (Skip step 4 below.) Potential measurement
will stop if a single probe generates a contact error or if a single
potential measurement step generates an error.
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Rejecting Error Data during Measurement (Error Data Rejection Function)

4 Enter the error data threshold at which you wish to stop measurement in the [Tolerance [%]]
field.

Valid setting range Initial value Format
0.1t0 100.0 20.0 1 significant decimal digit (0.0)

Threshold (reference)

Potential measurement will stop when an error exceeding the tolerance occurs. The tolerance
is set as a percentage, and the initial setting is 20%. It is recommended to use a setting of 10%
to 20%. Use of a larger tolerance will increase tolerance for errors, but doing so will increase
uncertainty in measurement results.

Tolerance [%]:

Potential measurement uses a large number of probes and involves multiple measurements. The
error rate [%] is defined as the ratio of the number of measurements in which the instrument was
unable to measure potential, for example due to a contact error or measurement error, to the
total number of measurements, and tolerance [%] is defined as the amount of tolerance to exhibit
relative to the error rate [%]. If all measurements were completed normally, the error rate would
be 0%, while if all measurements failed, the error rate would be 100%. Determine the tolerance
based on the electrode sheet being measured.

5 ciick [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the
main screen.)
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Choosing the Unit for Composite Layer Resistance

4.4 Choosing the Unit for Composite Layer
Resistance

You can set the unit used to measure composite layer resistance to either Volume resistivity [Qcm]
or Surface resistivity [QcmA2].

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM el & /==
File(F) | Setup(S) | Check(C) Language(L) Help{H) H I 0 KI
1 —_@ Settings... Ctr+sS
. ¥ Ranee Mode
1.337E+01 At range 100k {100 10 4) Mems +Analysis
Interface resistance 12 oMl Electrods infa Aralysis conditions
_ + Composits laysr thick Wodel area
2.730E+01 o g ||
[2 o2l .
Temperaturs Elerment size
Collestor layer thick 20 MORMAL

[cl

wm,
Limit iteration number
30

Collector resistivity 2. 7000E-06

4

Z @ "in contact

Result [ Pazs | £ em Reduction factor
Erorcount  [HEEEEN 10000
Comrment  NMG—100a Tnitial iteration value
Potential meas. reliability Auto cale.
Gonsistency
Error rats [%] File output
Analysis result Potential data for analysis

Variation [¥]

Path (analysis results)
G¥RM2810¥Data¥ meas csu

Path (potential data for amalysis)

Cfreimes Gony Clear O RM2E (Dt oaldata oo
Glipboard History

Analysis results

Itaration nurnber

Status

................................ e peal

t
I Analsis

4

1 cChoose [Settings].

2 Choose [Measurement].
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3 Choose one of the following settings for [Composite layer unit]:

Volume resistivity [Qcm] Output the composite layer resistivity as volume resistivity [Qcm].
Use this setting when calculating material properties.

Surface resistivity [QcmA2] Output the composite layer resistivity as surface resistivity [Qcm?].
Use this setting when comparing the interface resistance [Qcm?] and
resistance.

Comparing the interface resistance [QQcm’] and resistance (p.108, p.109)

Formula:
Composite layer volume resistivity [Qcm] x composite layer thickness [cm]

4 Click [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the
main screen.)

Both the composite layer volume resistivity [QQcm] and surface resistivity [Qcm?] will be
output to the analysis results file.
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Setting the Limit Iteration Number

I 4.5 Setting the Limit Iteration Number

This section describes how to set the limit on how many times analysis is performed.

' RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM ol = ==
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 K I
1 - @ Settings... Ctrl+S
Compos y Range Mode
1.337E+01 Auta range 100k 20100 4 4) Meas +analysis
nterfacs resistance [ o Electrode info Aralysie conditions
2. 730E+01 Composite layer thick. 5o | Medelares
= o mﬁ MORKAL
[ cm™2] )
Temperature Element sizs
Collestor layer thick: 20 RORMAL
22.7 fith
el Limit itsration number
Pin contact Collector resistivity o FO00E-06 - &
Result | Pass | @il Reduction factar
2 —_———————@ Error count [0 95D
Comment  NMG—100a Thitial iteration value
Fotential meas. reliability Auto calo
Congistency | EEEEE
Errar rate [#] | oo ] File output
Aralysis result Potential data for analysis

Wariation [¥] Bl

Analysis results

Fath (mralysis results)
CHRI2E1 0¥ Datameas. cow

Path (potential data for amalysis)

Copy. Glear C¥RM2670¥Data¥caledata.cev
Clipboard Histary

Status Progress (potential measurement)

End
Progress (amalysis) ’

Itaration number

Coincidence

I Repeat
Anahysis

4 <

1 Choose [Settings].
2 Choose [Analysis].

3 Enter the upper limit for iterative calculations in the [Limit iteration number] field.

Valid setting range Initial value Format

1to 999 30 3-digit integer (000)

4 Click [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the
main screen.)

What is the limit iteration number?

Set the [Limit iteration number] field to the maximum number of times to perform calculations
before ending analysis. The instrument performs calculations repeatedly until the results converge,
at which point it ends measurement and displays measured values. Ordinarily the initial value can
be used, although the setting can be changed as necessary.

Start of measurement End of measurement
Potential measurement Analysis
Contact lteration
Auto range | Measurement
check
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Setting the Reduction Factor

4.6 Setting the Reduction Factor

You can set the magnitude of the correction applied during iterative calculation of interface
resistance (i.e., the reduction factor) to a value from 0.0001 to 1.0000.

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM = Eeh ==
File(F) | Setup(S) | Check(C) Language(L) Help(H) Hi o KI
1 - @ Settings... Ctrl+S
Compos i I terts
1.337E+01 Auta range 100K (1002 &) Meas +Aralysis
Interface resistance 2 &M et i PP
+ Composite layer thick. Model area
2.730E+01 e o

[ em™2] Elerment size

Temperature

Callector laver thick 20 MORRAL
227 fit
rcl Limit iteration nurmber
Pin contact Collector resistivity 27000E-08 - %0
Result [ Pass | S em Reduction factor
2 @ Error count [0 12880
Comment  MMC-1002 Thitial iteration value
Potential meas. reliabllity Auto cale
Consistency [ Pass |
Error rate [] N File output
Aralysis result Potential data for analysis

Variation [¥] | 35 |
Arialysis results CHRM2610¥ Data¥rmess.cau

taration rumber  [IZESEN Path [potential data for analysis)
Coincidence 1,000 Copy GClear C¥RM261 0¥ Data¥ caledata osv
Glipboard Histary

Status Progress (potential measurement)

End

Path (aralysis results)

Progress (analysis)

. Repeat

3 [ ] Analysis

4 o

1 Choose [Settings].

2 Choose [Analysis].
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3 Enter the desired value in the [Reduction factor] field.

Valid setting range Initial value Format

0.0001 to 1.0000 1.0000 Decimal with 4 significant digits to the right of
the decimal point (0.0000)

4 ciick [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the
main screen.)

What is the reduction factor?

The reduction factor is a parameter for adjusting the magnitude of the correction applied
during iterative calculation of interface resistance. Use of a small value results in a more stable
convergence process but incurs longer calculation times. When convergence is stable, it is
recommended to use the initial setting of 1.0000. The setting can be changed as necessary
(p-103).
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Entering the Initial Iteration Value

I 4.7 Entering the Initial Iteration Value

This section describes how to enter the initial value for iterative calculations.

' RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM ol & =)
File(F) | Setup{S) | Check(C) Language(L) Help(H) H I 0 KI

Ctrl+S

@ Settings...

Uormposi|

1.337E+01

[ cm]

Rangze hode

Auta range 100k Q20100 1. A) Meas +Analysis

Interfacs resistanca Electrode info Arlysis conditions

I

Temperature

Pin contact
Result

Error count

GConsistency

Frror rate [#%]

Warlation [¥]

Analysic results
Itaration number

Coincidence

2_730E+01

Copy Clear
Clipboard Histary

Status

End

Progress (potential measurement)

Progress (analysis)

=

Composite layer thick, 50| | Modelarea
L, NORRAL

L Element size

:3u|\ectur layer thick. 20 NORRAL

§

(] Lirnit iteration number

)

Giallectar resistivity 2 FOOOE—06 < 9

: =l Reduction factor

H 10000

)

:)umment MG—100a Initial iteration walue
- Auto cale

File output
Analysis result Paotential dats for analysis

Path (analysiz results)

RS 1 0¥ Datadmeas.cew
Path (potential data for analysis)
C¥RMZ610¥Data¥ calodata.csy

Repeat
Analysis

5

Choose [Settings].

1
2

Choose [Analysis].

Choose one of the following initial resistance values for [Initial iteration value]:

Auto calc.M

(Skip step 4 below.)

Previous result

(Skip step 4 below.)

If [Previous result] is selected, the initial resistance value will be
used as the [Auto calc.] value if the previous analysis result is FAIL.

Input

[QcmA2]] (step 4).

Enter the [Composite resistivity [Qcm]] and [Interface resistance

4

Enter values for [Composite resistivity [Qcm]] and [Interface resistance [Qcm*2]].

Valid setting range

Initial value

Format

1.0E-10 to 1.0E+5

1.000E+00

Decimal or exponential

5

main screen.)
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Choosing the Model Area

4.8 Choosing the Model Area

This section describes how to choose a model area according to the measurement precision you
require. Although measurement precision increases in proportion to the model area, calculation
times will increase as well.

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM el = ==
File(F) | Setup(S) | Check(C) Language(L) Help(H) H l 0 K I
1 - Settings... Ctrl+S
Composi ¥ Rangs WMode
1.337E+01 ; Auta range 100K 2100 4 A) Mess +hnalysis
Interface resistance [ eml Electrode nfo Analysis conditions
+ Composite layer thick Model area
2.730E+01 ] = NORMAL
[Q em™2] 0
Temperature Elerment size
Callector layer thick, 20 MORMAL
227 m
rcl Limit iteration number
Fin contact Collector resistivity 27000E-08 - 30
Result [ Pasz | 2 em Reduction factar
2 @ Error courtt [0 ALY
Comment  MWC—-100a Thitial iteration value
Potential mess. relizbility Auto cale.
GConsistency | Pass |
Error rate [%] [0 ] File output
Analysis result Potential data for analysis
Variation [4] ey e
! : Path (analysis results)
3 Py —T ® 1| ¥Rz 10MDatmtmens oo
tarstion rurrber  [IEEEENN : : Path (potential data for analysis)
Coincidence " Copy Clear G#RM2610¥Data¥calcdata osw
GClipboard History
Status Progress (potential measurement)
End
Progress (amalysiz)

4

1 Choose [Settings].

2 Choose [Analysis].
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3 Choose one of the following settings for [Model area]:

NORMALM Perform analysis using the standard model area.

MEDIUM Perform analysis using a model area that is about 2.5 times greater
than the standard area (NORMAL).

WIDE Perform analysis using a model area that is about 4 times greater
than the standard area (NORMAL).

4 click [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the
main screen.)

What is model area? (p.106)

Although increasing the model area setting will allow you to make measurements that more
closely approach actual physical phenomena, calculation times will increase. Change the setting
to reflect the degree of measurement precision that you require.
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Choosing the Element Size

I 4.9 Choosing the Element Size

This section describes how to choose the element size.

' RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM ol = ==
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 K I
1 - @ Settings... Cirl+S
Carpon_@_oongs Cules | Range Mode
1.337E+01 : : Auta range 100k 20100 4 4) Meas +analysis
nterfacs resistance [ o Electrode info Aralysie conditions
2. 730E+01 Composite layer thick. 5o | Medelares
[ cm™2] )
Temperature Element sizs
Collestor layer thick: 20 RORMAL
22.7 fith
rcl Limit iteration nurmber
Pin contact Collector resistivity o FO00E-06 - &
Result | Pass | @il Reduction factar
2 @ Error count [0 95D
Comment  NMG—100a Thitial iteration value
Fotential meas. reliability Auto calo
Congistency | EEEEE
Errar rate [#] | oo ] File autput
Aralysis result Potential data for analysis
Wariation [¥] Bl
Path (znalysis results)
Analysis results C¥RM261 0¥ Data¥meas.csv
Itaration number Path (potential data for analysis)
Coincidence R [ Cioar )] O¥RM2610¥Data¥caledata cev
3 Clipboard Histary
)
Status e ceeceecereeeseeceeeeneeneeee
Progress (amalysis)
.| Repeat
= Anahysis

4 ;

1 Choose [Settings].

2 Choose [Analysis].

3 choose one of the following settings for [Element size]:

NORMALM Perform measurements at the standard element size.
FINE Perform measurements at 1/4 of the standard element size (NORMAL).
SUPER FINE Perform measurements at 1/9 of the standard element size (NORMAL).

4 click [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the
main screen.)

What is element size?

Although using a small element size setting will allow you to make measurements that more
closely approach actual physical phenomena, calculation times will increase. Change the setting
to reflect the degree of measurement precision you require.

/— Element

NORMAL

SUPER FINE
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Switching the Display Language

This section describes how to choose the display language used by the RM2612 Resistance
Calculation Software. Japanese, English, Simplified Chinese and Korean are available.

Language
H7E (Japanese) Use Japanese as the display language.
English Use English as the display language.
fEi{A R Use Simplified Chinese as the display language.
ot=0] Use Korean as the display language.
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The default to the application language is set to the one chosen at the time of the installation.
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Checking the Software Version

I 4.11 Checking the Software Version

This section describes how to check the PC application’s software version.

IMPORTANT

If you have Internet connectivity and can download files, the RM2612 Resistance Calculation Software’s PC
application can be updated. For more information, see “9.2 Updating the Software” (p.118).

1! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM =N =R
File(F) Setup(S) Check(C) Language(L) | Help(H) H I 0 KI
1 - Version
OMPOS TE VOIS [ESET Ity Ranze Mode
1.337E+01 Auto ranzs 100Kk Q0100 1 A) Mese +analysie
Interface resistance [ oMl Electrode info Aralysis conditions
2.730E+01 GCormposits layer thick ) | | D

[$ em™2]
Terrperaturs

Element size

GCallestor layer thick 20 MORMAL
wm

Limit iteration number
30

Pin contact

Caollector resistivity 2 TO00E-06

4

Result [ Pass | §2 om. Reduction factor
Error count | Loy
Gorament  NVIG—100m Initlal iteration value
2 )-=crerneErne Pa—
20 [oe— BEE
Erorrsts[¥]  |EN A G
3 Analysis result Potentfal data for analysis
—_— 9
Path (analysis results)
Aralysis results C¥RMEZG10¥Data¥meas cav
Iraration number  [IERECH Path (potential data far analysis)
Gl T Clear C¥RMZE10%Data¥calcdata csy
Oliptioard History
Status Progress (potential measuremesnt) e
End

Progress (anmalysis)

Repeat
M= Analysis

1 Choose [Version].

2 Check the software version.

The dialog box displays the version of the PC application and the version of the analysis
DLL used internally by the software.

3 Click [OK].
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Outputting a 2D Potential Distribution File

I 4.12 Outputting a 2D Potential Distribution File

You can output a 2D potential distribution file of 5x5 potential measurements by enabling [Save 2D
potential]. Data is subject to averaging processing.

The 2D potential distribution file allows you to view the potential gradient that exists when current
flows to the electrode sheet. It can be used when you wish to perform analysis using a method
other than the RM2610 Electrode Resistance Measurement System.

The output file uses a filename derived by adding “vpot_” to the beginning of the filename specified
as the analysis results path.

For more information about the file format, see “2D Potential distribution file format” (p.92).

|" RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM [E==E=R=
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 KI
1 R Settings... Ctrl+S
e —® ! o Vot
1.337E+01 Auto ranee 100k 20100 1 &1 Meas +analysis
Interface resistance [ oMl b il P —
Composi 2 layer thick 50 Mode| area
it NORMAL

Temperature 0 Element size

Gallecte  laver thick. 20 MORMAL
22. 7] =0 cE+0100) = C [izre]

Limmit iteration number
30

Pin contact Collecte resistivity  27000E-06 -
[Q em]

Result Reduction factor

Error count 149828
Comener  WMC-100a Initial iteration value
2 Fotential meas. relibility Auto oale
Congistency
Error rate [%] Il evizg:
3 Araly s result Potential data for analysis
Wariation [%]
Fath (an: ysis results)
Aralysis results C¥RME |0¥Data¥meas osv

Itaration number Fath (pot ntial data for analysis)

Copy Clear G¥RM2t |0¥Data¥ calodata ooy
Clipboard Histary

Status Progress (potential measurement)

Progress (amalysis)

. Repsat

Analysi

Galncidence

4 5
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1 Choose [Settings].
2 Choose [File].

3 Choose one of the following settings for [Save 2D potential]:

ON Save 2D potential file output results.

OFFMH Do not save 2D potential file output results.

4 Click [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the
main screen.)
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Choosing the CSV Save Format

I 4.13 Choosing the CSV Save Format

This section describes how to set the decimal symbol and choose the data delimiter for analysis

results files and 2D potential distribution files.

IMPORTANT

You cannot choose the comma (“,”) as both the decimal symbol and the data delimiter.

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM

File(F) | Setup(S) | Check(C) Language(L) Help(H)

[E=3 il X3
HIOKI

1 —_— e __@ Setfings... Ctrl+S
Compost l‘y

1.337E+01

[ cm]

Interface resistance

Temperature
Pin contact
Result - ...............................
Erorcount

2 _.F'utantia\ meas. reliabily )
onsistency R

)

R
)

a !

Error rate [¥]

Wariation (%]

Ttaration number

Goincidence

Copy Clear
Clipboard Histary

Progress [potential measurement)

Status

Enicl

Progress (amalysis)

Ranze
Auto ranze

Electrode info.

Gomposi 2 layer thick,
LT,

Caollectc  layer thick.
111,

Gollecte resistivity
)

)

i

Commer  MMC-100a

(]

F:\E outp k£

[}] Araly s result

[}
- Elith (an: ysis results)

([

G¥RM2t |08 Data¥meas oy

Path (pot ntial data for snalysis)
C¥RMZ¢ 10¥ Data¥calcdata.csv

Repeat
Analysi

100k 20100 1 A)

2 FO00E-06

50

20

Potential data for analysis

Mode

Meas.+analysis

Analyzis conditions

Mode| area
NORMAL

Elernent size
NORMAL

Lirmit iteration number
30

Reduction factor
1.0000

Tnitial iteration value
Auto cals

Browse
Browse

4 '

1 cChoose [Settings].

2 Choose [File].

3 Choose one of the following settings for [CSV save settings]:

Decimal symbol

“n

. (Period)

Use the period (“.”) as the decimal symbol.

, (Comma)

Use the comma (“,”) as the decimal symbol.

Data delimiter

, (Comma)

Use the comma (“,”) as the data delimiter.

; (Semicolon)

Use the semicolon (“;”) as the data delimiter.

4 Click [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the

main screen.)
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Setting Whether to Beep at Measurement Completion

4.14 Setting Whether to Beep at Measurement
Completion

This section describes how to set whether to beep when measurement completes.

' RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM ol B =)
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 KI
1 —@ Settings... Ctrl+S
Composzi ¥ Rarge Made
1.337E+01 Aute ranes 100k QU100 1 4) Meas. Haralsis
Interface resistancs (52 &) Electrade info. Aralysis conditions
2 730E+01 Compasite layer thick 5p  Modelarea
o
[%2 em™2] 5
Temperature Element size
Collestor layer thick. 20 NORMAL
227 G

Limmit iteration number
30

4

[l
2 @ Fin contact

Result | Pass |

Gollectar resistivity 2 TO00E-06

EAl Reduction factor

Error count [0 ] eecy
GComment  WNMC-100a Initial iteration value
Potential meas. reliability futo cale
Corsistency BE=
Error rate [] - File output
Analysis result Potential data for analysis

Wariation [%] EE

Analysis results

Fath (analysis results)
CHRMZG 10 Data¥ meas cov

Path (potential data for amalysis)

Copy Clear C¥RM2610¥Data¥ calodata ooy
Clipboard History

Status Progress [potential measurement)

End

Ttaration nurber

Golncidence

Progress (analysis)

3 A
4 P

I Repeat
Analysis

1 Choose [Settings].

2 Choose [Measurement].
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3 choose one of the following settings for [Beep at finish]:

ON Beep when measurement completes.

OFFHM Do not beep when measurement completes.

4 ciick [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the
main screen.)
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Setting Administrator Mode

I 4.15 Setting Administrator Mode

This functionality is not ordinarily used. Configure this setting only when you need to perform a
special operation or verify system operation.

IMPORTANT
Follow instructions from Hioki when inspecting the RM2611 Electrode Resistance Meter.

' RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM ol & ===
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 Kl
1 —@ Settings... Ctrl+S
Camposi ¥ Ranze Mode
1.337E+01 Auto ranes 100k 2{100 4 &1 Meas +analysis
hiterfacs rasistance 12 o1 Electrade info. Analysis conditions
2 730E+01 Gompasite layer thick 5y | Medelarea
=
o om™2
Temperature [ e Element size
Gollestor layer thick. 20 NORMAL
e
3 — Lirit iteration number

Pin contact Gollectar resistivity 2T000E-06 - D

Result | Pass | &l Reduction factor
Error count [0 ] e
Comment  MMG-100a Initial iteration value
Fotential meas. refiability Auto csla
Consistercy | EEEE
2 —— "¢ Errorrate [4] ] File output
Aralysis result Potentis| data for smalysis

Wariation (%]
Path (analysis results)

CHRMEZE 10 Dataimeas cev

Path (potential dats for analysis)

Copy Clear C¥RM2610¥ Data¥ calodata ooy
Clipbaoard History

Status Progress [potential measurement)

Enicl

Analysis results
Ttaration number

Goincidence

Progress (amalysis)

I Repsat
Analysis

4 o

1 Choose [Settings].
2 Choose [Administrator].
3 Enter the [Password] (default password: rm2612).

4 Click [OK].
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Setting Administrator Mode

5 Configure the following settings:

Debug file

Enabling this setting causes intermediate reverse-analysis calculation
results to be output to a file (for debugging use) (initial value: OFF).
If you are unable to obtain satisfactory analysis results even after
adjusting the reduction factor and other initial values, Hioki may ask
you to send this file for examination (the file format is not publicly
available).

Enable RM2611 check

Enabling this setting performs an inspection of the RM2611 Electrode
Resistance Meter (initial value: OFF).

Use this setting if you encounter issues as a way to discover
potential causes. (Ordinarily, there is no need to inspect the RM2611
Electrode Resistance Meter.)

Selecting the [Enable RM2611 check] checkbox in administrator
mode will add [RM2611] to the [Check] on the main screen, allowing
issues with the instrument to be diagnosed. Inspection results

are output to a file, and you may be asked to send it to Hioki for
examination. (A special jig is needed in order to inspect the RM2611.)

HIOKI
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Limt maratin e
Potecprrwinty 23000600 -
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10w
Commant HUC-100% i antion ek
s cake

¥ s
¥ Gkl cont ) Potantiel dva r sl
]
[ T —— ros
P g v b wabai)
AR VDt tn s o

Password

Set the password for accessing administrator mode. This setting may
be changed as necessary.
(Initial value: rm2612)

Measurement counter

Click [Reset] to reset the measurement counter to 0. The counter is
incremented after each potential measurement to provide a rough
guide as to the number of measurements that have been made with
the RM9004 Test Fixture. Its value is output to the analysis results
output file. Please reset the counter after replacing the RM9004 Test
Fixture’s probes.

Measurement interval

When the measurement counter reaches a multiple of the
maintenance interval value, a message encouraging RM9004
maintenance is displayed.

Input range: 1 to 5000

(Initial value: 300)
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Setting Administrator Mode
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H Analysis

5.1 Analyzing One Potential Measurement under
Multiple Conditions

Analysis can be performed continuously simply by specifying multiple analysis conditions for a
single potential measurement datafile. When determining the analysis conditions, there is no need
to perform multiple manual steps. The software can store up to 100 sets of conditions.

| RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM = =R
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 KI
1 - @ Settings... Ctrl+5

Lompos| ¥ Ranze Mode

1.337E+01 Auto ranze 100k (100 1 A) Meas +analysis
Interface resistance [ &) Electrade info Aralysis conditions

2 730E+01 Gomposite layer thick 5y | Modelsrea
e

Q om™2
Temperaturs IR &l Element size
Caollector layer thick 20 NORKAL
L,

Limit iteration number
30

e}
2 @F'in contact

Gollector resistivity 2 TOODE-06

4

Result | Pass | £ om. Reduction factor
Error count [0 ] DL5ED
Gorment  NMC—100a Initial iteration valus
Fotential meas. relibility fato oale
3 P ———
Error rate [%] EEE File output
Armlysis result Fotential data for analysis

Wariation [%] 35

Path (analysis results)

CH¥RMZ610¥Data¥meas csv

Aralysis results

Ttaration number Fath (potential data for analysis) g

Gl CH¥RMZB10¥ Data¥calcdata csy QO

Oliphoard History <

Status Progress [patential measuremsnt) C w
End

Proeress (analysis)

Repeat
M= Analysis

1 Choose [Settings].
2 Choose [Measurement].

3 Choose [Analysis] as the [Mode].

When specifying multiple analysis conditions, those conditions will apply to one file of
potential data output for analysis use. Please save that file prior to setting the conditions.
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Analyzing One Potential Measurement under Multiple Conditions

76

Choose [Analysis].

Choose [Multiple].

Click [Settings].

Change the settings. The following four settings can be changed:

Model area

NORMAL, MEDIUM, WIDE

Element size

NORMAL, FINE, SUPER FINE

Limit iteration number

1 to 999 (valid setting range)

Reduction factor

0.0001 to 1.0000 (valid setting range)
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Analyzing One Potential Measurement under Multiple Conditions

» Adding rows
Click [Add Row] to add a row at the end of the list.

» Deleting rows
Move the cursor () to the row you wish to delete and click [Del Row] to delete the selected row.
You can also select and delete multiple rows by holding down the SHIFT key or CTRL key on the
PC while selecting rows with the mouse, or by dragging with the mouse.

>
=]

L
<

@,
»n

8 .

8 Click [OK] to accept the changes.
To cancel the configuration changes, click [Cancel].

77
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Analyzing One Potential Measurement under Multiple Conditions

| RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM ==

File(F) | Setup(S) | Check(C) Language(L) Help(H) HIOKI

| Settings... Ctri+S
Gomposil cettings.. OS5}, Range Mode
1.337E+01 Auto ranss 100k I00uAl ~ Meas +analysis
Tzt fief [& cm] . ) -
erface resistance Electrode infa. Analysis conditions
2 730E+01 Composite layer thick 5y Modelarea
e
[ cm™2] .
Temperature Element size
Collector layer thick. 20 MNORKAL
22. o
o] Limit teration nurmber
Pin contact Collector resistivity 2T000E-06 - 30
Recult ["Pass | 2 em Reduction factor
Error count [ 0] DL5ED
Comment  MMC-100= Initial iteration valus
Fotential meas. relibility futo oale
Consistency [ Pass |
Erorrate (%] | Flle output
Analysis result Potential data for analysis
Wariation [%]
Path (analysis results)
el ol C¥RMZE10¥Data¥meas osv
Itaration number Path (potential data for analysis)
Galncidence [ 1.000 ] C¥RM2E10¥ Data¥calcdata.csv
Clipboard ry

Status Progress [potential measurerment)

End

Progress (analysis)

10

9 E
9 Click [Apply] or [OK] to accept the settings. (Clicking [OK] will cause you to return to the
main screen.)

10 Click [Start] to open a dialog box that will ask you to choose a file and start analysis.

4 )

| Number of multiple analysis

\ Number of file being analyzed . ditions set /

Progress will be displayed during analysis.
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Saving and Loading
Measurement Conditions

6.1 Saving Measurement Conditions

This section describes how to save the current measurement conditions in a user-specified folder
on the PC.

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM ol = ==
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I o K I
L Seftings... Ctrl+S
1 =) S s eS| P Mode
1.337E+01 : Auto range 100k $2 (1002 A) Mezs +analyeis
Interface resistance %2 om] Electrode Info Aralysis comditions
2 730E+01 Cormposite layer thick. 50 Madel area
= i MORNMAL
[2 em™2] )
Temperature Element size
GCollestor layer thick 20 MORNMAL
227 m
rcl Limit iteration number
Pin contact Collector resistivity 2 7000E-06 = =
Result [ Pass | £ om, Reduction factor
2 @ Error count | o | 1.0000
Corment  MMC-100a Ihitial iteration value
Fotential meas. reliability Huta cale.
Gonsistency [ NEEEN
Errorrate (¥ N Al @up:
Analysis result Fotential data for analysis
Varlation [%] | 56 |
3 Path (analysis results)
e CH¥RMZ61 0¥ Data¥meas.csv
Itaration number Path (potential data for analysis)
Coincidence . Clear GHRM2610¥Data¥ calodata.cev
Glipboard History
Status Progress (potential measurernent)
End
Frogress (analysis)
1 Repeat
Analysis

1 Choose [Settings].

2 Choose [File].

3 Click [Save Configuration] to display the [Save settings file] dialog box.

suoppuo) Juswiainses)\| Buipeo pue Buneg

4 1

5 .

4 Provide a name for the file and choose a location in which to save the file.

5 Click [Save] to save the file.
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Loading Measurement Conditions

I 6.2 Loading Measurement Conditions

This section describes how to load previously saved measurement conditions.

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM = = =
File(F) | Setup(S) | Check(C) Language(L) Help(H) H I 0 KI
1 - @ Settin Ctrl+S
Liornpos || ¥ Ranze hMode
1.337E+01 Auto rangs 100k 2 (100 12 A) Misas HAralysis
Interface resistance L& 5] Elsctrods info Aralysis conditions
2 730E+01 Cormposite layer thick. 50 Model area
[2 em™] )
Ternperaturs Element size
Collectar laysr thick 20 NORMAL
2 m
rcl Limit iteration number
Pin contact Collector resistivity  27000E-06 = &0
Recult | Pass | 2em Reduction factor
Error count [0 10000
Corament  NUIG—100a Initlal iteration valus
2 _ Fotential meas. relibility Auto cale
 Consistency
Errorvat= (] Lo @iz
Analysis result Potential data for analysis
Wariation [%]
Fath (analysis results)
sl sl CH¥RMZ610¥Data¥meas.csv
3 e e e e 0 Path (potential data for analysis)
Gl = o CH¥RMZE10¥ Data¥ calcdata csu
Gliphoard History
Status Progress (potential measuremesnt)

End

Proeress (analysis)

Repeat
- Analysis

4 .

1 cChoose [Settings].
2 Choose [File].

3 Choose [Load Configuration] to display the [Load settings file] dialog box.

5 o

4 cChoose the file you wish to load.

5 click [Open].
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Product components: See p.5.

Specifications

For more information about RM9003 Press Unit, RM9004 Test Fixture, and RM9005 Connection Cable
specifications, please see those products’ respective instruction manuals.

I 7.1 RM2611 Electrode Resistance Meter

General specifications

Operating environment

Indoors, Pollution Degree 2, altitude of up to 2000 m (6562 ft.)

Operating temperature and humidity

0°C to 40°C (32°F to 104°F), 80% RH or less (no condensation)

Storage temperature and humidity

0°C to 50°C (32°F to 122°F), 80% RH or less (no condensation)

Standards

Safety EN61010
EMC  EN61326 Class A

Power supply

Commercial power

Rated supply voltage: 100 V to 240 V AC (designed to accommodate
voltage fluctuations of +10% relative to the rated supply voltage)
Rated supply frequency: 50 Hz, 60 Hz

Anticipated transient overvoltage: 2500 V

Maximum rated power: 40 VA (not including PC power)

Interfaces » USB port (for connecting the instrument to a PC)
* Test fixture connector
* TEMP.SENSOR terminal (for connecting the instrument to the Z2001
Temperature Sensor)
Dimensions Approx. 215W x 80H x 306.5D mm (8.46"W x 3.15"H x 12.07"D)
Weight Approx. 3.4 kg (119.9 0z.)

Product warranty period

3 years

Fuse F1.6AH 250 V x1
Accessories See p.5
Options See p.5

Input, output, and measurement specifications

Basic specifications

Measured parameters

DC resistance and temperature

Automatic measurement is performed via the RM2612 Resistance
Calculation Software. Measurement cannot be performed using the
RM2611 Electrode Resistance Meter alone.

Resistance measurement signal

Constant current

Resistance measurement method

DC 4-terminal method

Resistance measurement terminal

Test fixture connector

Resistance measurement range

Ranges: 1000mQ, 10Q, 100Q, 1000Q, 10kQ, 100kQ, 1000kQ, 10 MQ*
For more information about range parameters, see “Table 1. RM2611
Electrode Resistance Meter Measurement Ranges” (p.82).

*Potential measurement results obtained using the 10 MQ range are
merely values for reference purposes.
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RM2611 Electrode Resistance Meter

Constant current generation range

1 YA (min.) to 10 mA (max.)

For more information about range parameters, see “Table 1. RM2611

Electrode Resistance Meter Measurement Ranges” (p.82).

Test fixture connector

D-sub 50-pin receptacle

Temperature measurement terminal

Temperature Sensor)

TEMP.SENSOR terminal (for connecting the instrument to the Z2001

Test fixture connector pin assignments

17OOOOOOOOOOOOOOOOO1
3300000000000 0OO0OO0O 018
50000 0000000000000 034

No. Pinname |No.| Pinname |No. Pin name
1 TP6 18 TP16 34 N.C.
2 TP12 19 TP23 35 TP3
3 TP19 20 TP30 36 TP44
4 TP26 21 TP37 37 TP2
5 TP33 22 TP8 38 TP43
6 TP40 23 TP15 39 TP1
7 TP11 24 TP22 40 TP42
8 TP18 25 TP29 41 TP13
9 TP25 26 TP36 42 TP7
10 TP32 27 N.C. 43 TP20
1 TP39 28 N.C. 44 TP14
12 TP10 29 TP5 45 TP27
13 TP17 30 TP46 46 TP21
14 TP24 31 TP4 47 TP34
15 TP31 32 TP45 48 TP28
16 TP38 33 N.C. 49 TP41
17 TP9 50 TP35

Table 1. RM2611 Electrode Resistance Meter Measurement Ranges
f.s.= 1,000,000 dgt.

82

Range Max. measu*r1ement Measurement range Measurement Max. open
range current voltage

1000 mQ 1200.000 mQ 0.000mQ to 1200.000 mQ 10 mA 55V
100 12.00000 Q 0.00000Q to 12.00000 Q 10 mA 55V
100 Q 120.0000 Q 0.0000Q to 120.0000 Q 10 mA 55V
1000 Q 1200.000 Q 0.000Q to 1200.000 Q 1mA 55V
10 kQ 12.00000 kQ | 0.00000kQ to 12.00000 kQ 1 mA 20V
100 kQ 120.0000 kQ 0.0000 kQ  to 120.0000 kQ 100 pA 20V
1000 kQ 1200.000 kQ 0.000kQ to 1200.000 kQ 10 A 20V
10 MQ*? 12.00000 MQ | 0.00000 MQ to 12.00000 MQ 1 pA 20V

*1: Negative values: To -10% f.s.
*2: Potential measurement results obtained using the 10 MQ range are merely values for reference purposes.
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RM2611 Electrode Resistance Meter

Accuracy specifications

Accuracy guarantee Resistance measurement accuracy is defined when using the test fixture connector.
conditions Guaranteed accuracy period: 1 year

Temperature and humidity for guaranteed accuracy: 23°C +5°C (73°F +9°F),

80% RH or less

Warm-up time: 60 min. or greater

Power supply frequency: 50 Hz +2 Hz, 60 Hz +2 Hz

Resistance measurement See Table 2 (p.83).
accuracy

Temperature measurement  See Table 3 (p.83).
accuracy

Table 2. RM2611 Electrode Resistance Meter Resistance Measurement Accuracy (Test Fixture
Connector Resistance Measurement Accuracy)

. Resistance measurement
Max. Resistance measurement
Range measurement accuracy (FAST) accuracy
ranae % rda. + % f.s (MEDIUM, SLOW1, SLOW?2)
) ordg.+nts. % rdg. + % f.s.
1000 mQ 1200.000 mQ 0.5+1.0 0.3+0.7
10Q 12.00000 Q 0.2+0.2 0.1+0.1
100 Q 120.0000 Q 0.2+0.2 0.1+0.1
1000 Q 1200.000 Q 0.2+0.2 0.1+0.1
10 kQ 12.00000 kQ 0.2+0.2 0.1+0.1
100 kQ 120.0000 kQ 0.2+0.2 0.1+0.1
1000 kQ 1200.000 kQ 1.0+1.0 05+05
10 MQ* 12.00000 MQ 3.0+3.0 3.0+1.0

7

*Potential measurement results obtained using the 10 MQ) range are merely values for reference purposes.

Table 3. Temperature Measurement Accuracy (22001 Temperature Sensor)

Measurement range: -10.0°C to 99.9°C -c%)
Measurement period (speed): 2 +0.2 s 0.
Guaranteed accuracy period: 1 year 3
Combination accuracy with the Z2001 Temperature Sensor %.
Temperature range Accuracy @
-10.0°C to 9.9°C +(0.55 + 0.009 x |t -10]) °C
10.0°C to 30.0°C +0.50 °C
30.1°C t0 59.9°C +(0.55 + 0.012 x |t -30]) °C
60.0°C t0 99.9°C $(0.92 + 0.021 x |t -60]) °C

t: Measurement temperature (°C); standalone accuracy of RM2611 Electrode Resistance Meter: £0.2°C

Interface specifications

USB USB 2.0 (Full Speed) Connector: Series B receptacle
Exclusively for connecting the RM2611 Electrode Resistance Meter to a PC
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RM2612 Resistance Calculation Software

I 7.2 RM2612 Resistance Calculation Software

General specifications

Operating requirement
(PC)

CPU: Intel® Core™ i7, 2.4 GHz, 4 threads or better (recommended)
RAM: 8 GB or more recommended (4 GB available RAM required)
Hard disk: 2 GB or more available space
Display: 1024 x 768 pixels or more, 65536 colors or more
Interface: USB 2.0 or better
Operating system: Windows 7 (32-bit/64-bit)
Windows 8 (32-bit/64-bit)
Windows 10 (32-bit/64-bit)
Windows 11
Microsoft .NET Framework 4.8
(as of 20/08/2024)

Accessories

See p.5

Product warranty period

1 year

Functional specifications (PC application functions)

Analysis parameters

« Composite layer volume resistivity [Qcm], composite layer surface resistivity [Qcm?]
(user-switchable)
« Interface resistance [Qcm?]

Analysis method

Inverse problem analysis of potential distribution using the finite volume method

Display and output format

» Composite layer volume resistivity and interface resistance
Exponential notation: 4 significant digits, “0.000E+00,” “Qcm/Qcm®”
» Temperature
Decimal notation, “00.0°C”

Measurement times
(representative values)

 Contact check: 4 s

* Auto range: 8 s

* Potential measurement: 18 s (MEDIUM)

* Analysis: 30 s (until completion using the standard iteration number)
Total: Approx. 60 s

Conditions

» Observed values when measuring a standard positive electrode sheet (reference)

* Fine volume model area: NORMAL; element size: NORMAL

« Calculation times are reference values obtained using an Intel® Core™ i7 4-core
2.4 GHz processor.

« Calculation times depend on the processing throughput of the PC.

» Measurement times are subject to change in the event the software is updated.

Resistance range selection
functionality

* Auto range: ON/OFF (via checkbox)
Automatic selection of the optimal resistance range for potential measurement (initial
value: ON)
* Resistance range selection (when Auto range is OFF)
1000 mQ, 10 Q, 100 Q, 1000 Q, 10 kQ, 100 kQ, 1000 kQ, 10 MQ*
*Potential measurement results obtained using the 10 MQ range are merely values
for reference purposes.

Potential measurement
speed

FAST, MEDIUM, SLOW1, SLOW2 (initial value: MEDIUM)

84
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RM2612 Resistance Calculation Software

Operating modes

Operating modes (initial value: potential measurement + analysis)
* Potential measurement + analysis

* Potential measurement

* Analysis

Explanation of operation

* Potential measurement + analysis: Instrument performs potential measurement and
then analysis.

* Potential measurement: Instrument saves measured potential data to a file (one file
per measurement).

 Analysis: Instrument loads a potential file saved during potential measurement,
analyzes the file, and saves the results to a file. Multiple files can be selected, and
analysis can be performed continuously.

Current error detection

The instrument detects current errors, aborts measurement, and recommends that
the user change the range.
Display: “MEASUREMENT ERR”

Resistance over-range
detection

The instrument detects over-range events and recommends that the user change
the range.
Display: “MEASUREMENT ERR”

Contact check function

Contact check ON/OFF

Resistance threshold: 1 Q to 10 MQ

(Initial values: ON, 20 kQ [2.000E+04])

Input format: Decimal, exponential, up to 3 decimal places “0.000E+0”

* Display: “CONTACT ERROR”

* The instrument performs a simple measurement of the contact resistance between
the probes and the measurement target using two-terminal measurement and
concludes that a contact error has occurred if the resulting value is less than the
applicable threshold.

« Contact error probe identification (estimation) function
The instrument combines measurements of the resistance between probes using
two terminals and identifies which probes triggered the contact error.

Measurement reliability
indicator function

Provides the following data for measured potential:

 Consistency (legitimacy of the relative magnitude of center 5 points): PASS/FAIL

« Variability per current channel: Current coefficient of variability [%]

* Percentage of data rejected by the error data rejection function (error rate): [%]
(Measurement is stopped in the event of a FAIL result for consistency.)

7

Error data rejection
function

Rejection function ON/OFF (initial value: OFF)

Rejection of error data

 Data with current errors is rejected.

* Current channel data with a consistency result of FAIL is rejected.

* Potential data from probes with contact errors is rejected from the calculation
process.

suoneoinadg

Counter function

Functionality for counting the number of measurements performed since the
application was launched (can be reset by user)

Counter values are output to analysis results files and potential files for analysis to
serve as a rough guide to the number of measurements performed by the RM9004
Test Fixture.

Comment entry function

Text entered into the comment field is linked to the measurement target and output
to a file.
1 comment per measurement (up to 30 characters)
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RM2612 Resistance Calculation Software

Entry of analysis conditions

» Upper limit on iterative calculations: 1 to 999 calculations
Initial value: 30 [calculations]
Input format: 3-digit integer “000”

* Reduction factor: 1.0E-4 to 1
Initial value: 1.0
Input format: Decimal, up to 4 decimal places, “0.0000”

* Resistance value initial value: Automatic calculation / user-entered value / reference
to analysis results
Composite layer volume resistivity and interface resistance input range: 1.0E-10 to
1.0E+5
Input format: Decimal, exponential

* Finite volume model area: NORMAL, MEDIUM, WIDE
Initial value: NORMAL

» Element size: NORMAL, FINE, SUPER FINE
Initial value: NORMAL

User-entered information
about measurement
targets

Information necessary for analysis
» Composite layer thickness [um]
Valid setting range: 1.0E-4 ym to 1000 pm
Input format: Decimal or exponential, 5 significant digits

* Collector thickness [um]
Valid setting range: 1.0E-4 um to 1000 pm
Input format: Decimal or exponential, 5 significant digits

« Collector volume resistivity [Qcm]
Valid setting range: 1.0E-10 to 1.0E+5
Input format: Decimal or exponential, 5 significant digits
Initial value: Volume resistivity of aluminum

* Display of candidate values for collector volume resistivity
(aluminum [2.7000E-6 Qcm] and copper [1.7000E-6 Qcm])

Analysis reliability display
function

Display of reliability of analysis results

* lteration number [iterations]

» Agreement between measured potential and calculated potential (coefficient of
determination)

Temperature measurement
function

Measurement of the ambient temperature near the test fixture (using the 22001
Temperature Sensor)

Results can be displayed along with measured values on the screen and output to a
file.

Progress display

Display of progress in the form of a progress bar
Separate progress bars are shown for potential measurement and analysis.

Condition save function

 The application launches with the same conditions that were in effect when it was
last exited.
* Measurement and analysis conditions can be saved to a file and loaded as desired.

File save function

* Analysis results file
* Potential file for analysis (can be used in repeated analysis)
« 2D potential distribution file

The user can specify the folder in which files are saved.

Test fixture continuity test
function

Test of probes using the probe check board (RM9004 Test Fixture inspection)
* OPEN Inspection
* SHORT Inspection

Identification of probes with continuity defects

86
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RM2612 Resistance Calculation Software

Measurement start/stop Methods for starting measurement:
* Click [Start] in the application.

* Press the [F5] key.

Methods for stopping measurement:

* Click [Abort] in the application.

Re-analysis function Re-analysis after changing analysis conditions and measurement target information
Previously measured potential data is used to repeat the analysis process. Re-
analysis can be performed after changing analysis conditions and measurement

target information.

Auto start function » Perform one measurement when the probes make contact with an electrode sheet:
ON / OFF
« Start delay: Can be set from 0 ms to 2000 ms

Initial value: OFF; delay: 500 ms

Security » A USB license key is required in order to launch the application.
* Functionality for automatically updating the application to a new version (Internet-
connected installations only)
Language Japanese, English, Simplified Chinese, Korean

Effects on analysis results (reference values)

The following tables provide information about various effects for use as reference values when the RM2611
Electrode Resistance Meter and RM9004 Test Fixture are used together.

Effect on calculation results of probe position precision (reference values)

Effect on resistance calculation results of probe position precision for a typical electrode sheet, where misalignment
of probe coordinates is given by Ax and Ay and where the standard deviation for Ax and Ay is 6 =5 ym
Parameters of the electrode sheet used as a model

Negative
electrode

Coefficient of variability for composite layer volume
resistivity: 2.3%
Coefficient of variability for interface resistance: 3.6%

Composite layer thickness:33 um
Composite layer resistivity:0.13 Qcm
Interface resistance: 0.06 Qcm?

Positive
electrode

Coefficient of variability for composite layer volume
resistivity: 2.7%
Coefficient of variability for interface resistance: 2.5%

Composite layer thickness:70 pm
Composite layer resistivity: 10 Qcm

Interface resistance: 1 Qcm?

Coefficient of variability [%] = (Standard deviation) / (Average value) x 100

Effect of modeling

Effect of element size on calculated potential values in the finite volume model (reference values)

2]
°
@
0.
Parameters of the electrode sheet used as a model §’
Negative NORMAL: 2.7% Composite layer thickness:33 pm s
ele?:trode FINE: 2.0% Composite layer resistivity:0.13 Qcm ]
SUPER FINE: 0.9% Interface resistance: 0.06 Qcm?
Positive NORMAL: 3.3% Composite layer thickness:70 pm
electrode FINE: 2.9% Composite layer resistivity: 10 Qcm
SUPER FINE: 1.4% Interface resistance: 1 Qcm?

HIOKI RM2612A961-03
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RM2612 Resistance Calculation Software

Calculation results with negative electrode representative values

Change in calculated potential values caused by element size
(Potential 120 ym from the probe applying the current)

NORMAL =3, 3

9 2.5
- FINE
% 2
(0]
e
) 15
@ o SUPER FINE
£ Minimum \ ]
T | element size
C
g N\ 0.5
o \

¢ —C= 0

0.01 0.1 1
Element size (where NORMAL = 1)

Calculation results with positive electrode representative values
Change in calculated potential values caused by element size
(Potential 120 pm from the probe applying the current)

NORMAL 3.50
3.00
S FINE —7, f
o 2.50
>
“
§ 2.00
]
5 SUPER FINE /
]
S [ > 1:50
% | Minimum
S |element size / 1.00
o
o \N / 0.50
’_.4 0.00
0.01 0.1 1

Element size (where NORMAL = 1)

Minimum element size is set internally by Hioki.

The potential difference 5V2 is defined as follows:

1% (Minimum element size) -V (

Element size

SV, =

)‘XIOO[%]

A% (Minimum element size)

Effect of fine volume model area on calculated potential values (reference values)

Parameters of the electrode sheet used as a model

Negative NORMAL: 2.0% Composite layer thickness:33 ym
elegtrode MEDIUM: 0.17% Composite layer resistivity:0.13 Qcm
WIDE: 0.04% Interface resistance: 0.06 Qcm?
Positive NORMAL: 0.61% Composite layer thickness:70 um
electrode MEDIUM: 0.023% Composite layer resistivity: 10 Qcm
WIDE: 0.003% Interface resistance: 1 Qcm?
88

HIOKI RM2612A961-03




RM2612 Resistance Calculation Software

Calculated results with negative electrode representative values
Change caused by model area
(Potential 120 pm from the probe applying the current)

2.20
2.00 - = NORMAL
1.80
1.60
1.40
1.20
1.00

M
0.80 /
WIDE

0.60 .
0.40 \ ¢ s Maximum area:

Model area = 64
0.20 ‘
0.00 w < ‘

0 5 10 15 20

EDIUM

Potential difference 6 V; [%]

Model area (where NORMAL = 1)

Calculation results with positive electrode representative values
Change caused by model area
(Potential 120 pm from the probe applying the current)

0.80
2 0.60 f? NORMAL
>
o
3
g 0.40
£
S MEDIUM
®©
€ 020 - l ‘ WIDE Maximum area: 7
% Model area = 64
o ‘z

0.00 ‘ ¢

0 5 10 15 20

Model area (where NORMAL = 1)

2}
°
]
Q.
=
o
Q
=
o
=
»

Maximum area size is set internally by Hioki.

The potential difference 5V3 is defined as follows:

\% ( Maximum area ) -V ( Area

SV, = ) x100[%]

1% ( Maximum area )
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RM2612 Resistance Calculation Software

Comparison of potential values for the finite volume model and an analytical

solution

The following table compares calculated potential values from an analytical solution and calculated potential values
from the finite volume model for a single-layer substance:

Parameters of the electrode sheet used as a model

Single-layer substance

NORMAL:
FINE:
SUPER FIN

3.1% Volume resistivity: 0.1 Qcm
2.0% Thickness: 100 um
E: 1.0%

Analytical solution: Solution obtained by solving the Poisson equation for potential algebraically

Comparison of potential values for the finite volume model
and an analytical solution
(Potential 120 pm from the probe applying the current)

3.50 ‘
£ 3.00 Element size )
g 5 50 equivalent to //
9 : SUPE:Q FINE e
g 200
g I A/ Element size
£ 150 v 7 equivalent to
5 100 I NORMAL
% : Element size
E 0.50 / equivalent to FINE

0.00

0 0.2 04 0.6 0.8 1

Element size (where NORMAL = 1)

The difference 5V1 relative to the analytical solution is defined as follows:

oV, =

v ( Analytical solution ) -V

( Finite volume model

solution % 100[%]

AV ( Analytical solution )

Calculation time based on element size and finite volume model area (reference values) [typ. min.]

Element size
NORMAL FINE SUPER FINE
NORMAL 0.3 3 6
Finite volume
MEDIUM 0.8 11 18
model area
WIDE 2 12 33

* Figures in the table are reference values. Actual times will vary with the electrode sheet’s resistance values and

potential state.

* In actual usage, calculation times are augmented by contact check times and potential measurement times.
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I 7.3 Output File Formats

Analysis results file format

QOutput File Formats

Header Description
Counter Counter [measurements]
Date Measurement start date
Time Measurement start time
Comment Comment (up to 30 characters)

Composite volume resistivity [ohm cm]

Composite layer volume resistivity [Qcm]

Interface resistance [ohm cm”2]

Interface resistance [Qcm?]

Composite surface resistivity [ohm cm”2]

Composite layer surface resistivity [Qcm?]

Range [ohm]

Resistance range

Speed

Potential measurement speed

TF-Type

Fixed value of 1

Composite layer thickness [um]

Composite layer thickness [um]

Collector layer thickness [um]

Collector thickness [um]

Collector resistivity [ohm cm]

Collector volume resistivity [Qcm]

Model area

Model area {NORMAL | MEDIUM | WIDE}

Element size

Element size {NORMAL | FINE | SUPER FINE}

Limit iteration number

Limit iteration number [iterations]

Reduction factor

Reduction factor

Initial composite resistivity [ohm cm]

Composite layer volume resistivity initial value setting [Qcm]

Initial Interface resistance [ohm cm”2]

Interface resistance initial value setting [Qcm?]

Contact check-V

Contact check results (32-bit hexadecimal value) (p.93)

Contact check-I

Contact check results (32-bit hexadecimal value) (p.93)

Potential consistency

Potential distribution consistency

Variation-V

Potential variability [%]

Error data

Number of error data rejections [rejections]

Measurement Time [s]

Potential measurement time [s]

Temperature [deg C]

Temperature [°C]

Calculation

Analysis results {PASS | FAIL}

Iteration number

Iteration number [iterations]

Coincidence

Coincidence

Calculation Time [s]

Analysis time [s]

RM2611 SN RM2611 Electrode Resistance Meter serial number
RM2611 Version RM2611 Electrode Resistance Meter firmware version
RM2612 Version PC application version

RM2612 Analysis version

Analysis unit version

Auto start

Automatic start {ON | OFF}

Delay time [ms]

Delay time [ms]

Contact check

Contact check {ON | OFF}
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Output File Formats

Header

Description

Contact check threshold [ohm]

Threshold [Q]

Error data rejection

Error rejection {ON | OFF}

Error data rejection tolerance [%]

Error tolerance [%]

Initial iteration value

Repetitive calculation initial value {Automatic calculation |
Previous result | Input}

If an error occurs, a description of the error will be output as the composite volume resistivity,
boundary resistance, or composite surface resistivity.

2D Potential distribution file format

Header Description
Counter Counter [measurements]
Date Measurement start date
Time Measurement start time
Comment Comment (up to 30 characters)

Range [ohm]

Resistance range

Speed

Potential measurement speed

TF-Type

Fixed value of 1

Composite layer thickness [um]

Composite layer thickness [um]

Collector layer thickness [um]

Collector thickness [um]

Collector resistivity [ohm cm]

Collector volume resistivity [Qcm]

Contact check-V

Contact check results (32-bit hexadecimal value) (p.93)

Contact check-|

Contact check results (32-bit hexadecimal value) (p.93)

Potential consistency

Potential distribution consistency

Variation-V

Potential variability [%]

Error data

Number of error data rejections [rejections]

Measurement Time [s]

Potential measurement time [s]

Temperature [deg C]

Temperature [°C]

RM2611 S/N RM2611 Electrode Resistance Meter serial number
RM2611 Version RM2611 Electrode Resistance Meter firmware version
RM2612 Version PC application version

RM2612 Analysis version

Analysis unit version

V-Data

5x5 potential data

HIOKI RM2612A961-03




QOutput File Formats

V-data (5%5 potential data)

/— Source probe position

Potential measurement
probe position
(5%5 = 25 locations)

—

-

Drain probe position

Contact check bit pattern
Analysis results files and 2D potential distribution files output contact check results for potential
followed by current along with measurement results.
Probes that exhibited a contact error are indicated by a bit with the value 1, while normally
functioning probes are indicated by a bit with the value 0.

Voltage probes*' (Contact check-V): 25 bits of information (output as a 32-bit hexadecimal
value)

7

31 24 | 23 16 | 15 8 | 7 0 |

[ T T T T T T T T T T T T T T T T T T T T T ]
Rsv. Rsv. Rsv. Rsv. Rsv. Rsv. Rsv. TP36 TP29 TP22 TP15 TP8 TP37 TP30 TP23 TP16 TP9 TP38 TP31 TP24 TP17 TP10 TP39 TP32 TP25 TP18 TP11 TP40 TP33 TP26 TP19 TP12

[T T T 7T 7T T T T T T T T T T T T T T 7]
Rsv. Rsv. Rsv. Rsv. Rsv. Rsv. Rsv. Rsv. Rsv. Rsv. Rsv. Rsv. TP35 TP28 TP21 TP14 TP7 TP42 TP43 TP44 TP45 TP46 TP41 TP34 TP27 TP20 TP13 TP1 TP2 TP3 TP4 TP5

[9))

Current probes*? (Contact check-l) : 20 bits of information (output as a 32-bit hexadecimal 3
value) =

Q

31 24 | 23 16 | 15 8| 7 0| 9
o

2

w
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Output File Formats
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TP6

TP13

TP20

TP27

TP34

TP41

®)
TP5

®)
TP12

®)
TP19

®)
TP26

O
TP33

O
TP40

o)
TP46

o)
TP4

®)
TP11

O
TP18

0]
TP25

O]
TP32

®)
TP39

9]
TP45

(BOTTOM VIEW)

®)
TP3

®)
TP10

®)
TP17

®)
TP24

®)
TP31

®)
TP38

O
TP44

®)
TP2

TP9

TP16

TP23

TP30

TP37

TP43

)
TP1

®)

TP8

TP15

TP22

TP29

TP36

TP42

*1: Probes used to measure voltage (25 locations inside periphery)

TP8, TP9, TP10, TP11, TP12, TP15, TP16, TP17, TP18, TP19, TP22, TP23, TP24, TP25,

O)
TP7

TP14

TP21

TP28

TP35

TP26, TP29, TP30, TP31, TP32, TP33, TP36, TP37, TP38, TP39, TP40

*2: Probes used to apply current to the measurement target (20 locations around the periphery)
TP1, TP2, TP3, TP4, TP5, TP13, TP20, TP27, TP34, TP41, TP46, TP45, TP44, TP43,

TP42, TP35, TP28, TP21, TP14, TP7

* The TP interval is 120 ym in both the lengthwise and widthwise directions.

* TP6 has no electrical function, but rather is used to detect the orientation of the test fixture.
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Contact Check Results File Output Format

The time, date, and contact resistance [Q] resulting from a simple measurement of each probe are
output to the file. If the analysis results file has the same name, this data is appended to that file.

IMPORTANT

Output resistance values are the result of a simple measurement process and as such differ from the true
probe contact resistance.

7
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Inspection Results File Format

I 7.5 Inspection Results File Format

When a SHORT inspection (p.33) and OPEN inspection (p.38) are performed for the RM9004
Test Fixture, the results are output to a file in the same folder as the analysis results file.

RM9004 SHORT inspection results file format

(Filename: CHECK_RM9004_SHORT.csv)

Contact resistance inspection

No. Header Description
1 Date Inspection start date
2 | Time Inspection start time
3 | Threshold RM9004 contact resistance judgment threshold [Q]
4 | Result RM9004 contact resistance inspection results
5 | TP*ks*k Probe contact resistance values [Q)]

Resistance measured value inspection

No. Header Description
6 | Date Inspection start date
7 | Time Inspection start time
8 | % rdg. Resistance measurement judgment width (% rdg.)
9 | %f.s. Resistance measurement judgment width (% f.s.)
10 | Result Resistance measurement inspection result
11 | R-250Data Resistance measured values [Q)] (250 patterns)
B CHE(|<_RM3 | 04_SF PRT.csv / = El\m
b A o ® P Y= N (L F G H I J K L L%
1 Date Time Threshol| Result TR12 TH19 TR26 TP33 TR40 TP11 THB TR25 TR32
2 2019/3)28 13244 10| PASS 95 103 101 103 103 101 105 117
3 Date @ Time@=— %z @ %fs. @~ L@asult
4 2019/3/28 132445 2 002 PASS
— R-250Data
4] Q000722 0000505 00003553 00001584 —400E-08 Q000652 0000485 0000345 0000216 §.20E-05 0000552 0000458 00C
7 0000672 0000516 0.000381 000023 B7F0E-05 0000744 0000534 0000375 0000214 1.00E-08 0000664 0000511 00C
8 0000564 0000468 0000368 000026 0000166 0000658 0000506 0000362 000023 760OE-05 0000723 0000526 0.0C
8 0000508 0000445 0000373 0000294 0000226 0000567 0000468 0000369 0000268 0000176 0000656 0000508 0.0C
10 0000462 0000407 0000358 0000305 0000262 0000487 0000435 0000361 0000285 0000215 0000554 0000465 0.0C
1 1 11 Q000726 0000654 0000566 Q0005 0000461 Q000516 0000496 0000466 0000434 0000414 0000359 000036 00C
12 Q000651 0000742 0.000661 000056 0000507 0000508 0000523 0000502 0000467 0000437 0000362 0000362 00C
13 Q000554 0000862 0000737 0000855 0000562 Q000471 0000501 0000526 0000501 0000471 0000364 0000357 000
14 0000503 0000558 0000648 0000721 0000853 0000435 0000468 0000487 000052 00005089 0000361 0000366 0.0C
15 0000486 0000458 0000568 0000655 0000721 0000421 0000446 0000472 0000503 0000535 000037 000037 00C
16 hd
‘\T< » 4| CHECK RMBOO SHORT <% ks [ YI.:
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Inspection Results File Format

RM9004 Test Fixture OPEN inspection results file format
(Filename: CHECK_RM9004_OPEN.csv)

No. Header

Description

Date

Inspection start date

Time

Inspection start time

RM9004 OPEN judgment threshold [Q]

1
2
3 | Threshold
4 | Result

RM9004 OPEN inspection result

5 | TPk

Probe insulation resistance values [Q]*

*A measured value of 1.00E+30 indicates sufficiently high insulation resistance.

1 2 3 4

5

A

) cHi|K_RM004_0 |EN.csv

o A e E o e | E
Date Time Threshold Result TR2
2019/3/28 13:25:35 1E+H0B PASS

F
TP19

G
TP2G

1.00E+30 1 00E+30 1.00E+30 1 00E+30 1 00E+30 1.00E+30 1 00E+30 1 00E+30 10

H I - K

= (@]
L ki

TP33 TR40 TPi1 TP1B TRZ5 TP34

-

W 4 M| CHECK RMBO0A CPEN <80

[ il | P

HIOKI RM2612A961-03
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Inspection Results File Format
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n FAQ

About the reduction factor (p.103)

The reduction factor is a parameter for adjusting the magnitude of the correction applied
during iterative calculation of interface resistance. Use of a small value results in a more stable
convergence process but incurs longer calculation times.

How is interface resistance calculated? (p.104)

By combining multipoint potential measurement (resistance measurement) and inverse analysis
calculations, it is possible to isolate and calculate the composite layer volume resistivity and
interface resistance for lithium-ion battery electrode sheets.

What is the finite volume model? (p.106)

The finite volume model signifies a calculation domain that has been segregated into a finite
number of elements (known as a mesh) in order to perform numerical calculations using the
finite volume method (FVM).

What kind of electrode sheets can be measured?

Electrode sheet requirements*

*Whether a given electrode sheet can be measured depends on the balance of composite layer
thickness, composite layer resistance, and interface resistance. The above information is not
intended to provide a guarantee that any given electrode sheet can be measured.

Electrode sheets must:

» Have a conductive composite layer.

* Have a surface that lacks an insulating coating (for the measurement probes to contact).

» Have a firm composite layer (if the composite layer is too soft, the measurement probes will
stick into the composite layer, resulting in unstable potential readings).

» Have a composite layer that is not too thin (guideline: composite layer thickness of 20 uym or
greater).

» Have a composite layer that is not too thick (guideline: composite layer thickness of 200 um or
less).

* Have an interface resistance that is not too high.

* Have an interface resistance that is not too low.

» Have a composite layer resistance that is not too high.

» Have a composite layer resistance that is not too low.

* The electrode sheet is not wet.

Can electrode sheets coated on both sides be measured? (p.107)

It makes no difference whether the electrode sheet being measured is coated on one side or
both sides.

What is volume resistivity? (p.108)

Volume resistivity is a physical property that indicates the comparative difficulty with which
electricity passes through a material. It is also known as resistivity, specific resistance, and
electrical resistivity. Volume resistivity is measured in [Qm].
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What is surface resistivity? How do composite layer volume resistivity and
composite layer surface resistivity differ? (p.109)

Surface resistivity indicates the difficulty with which electricity flows perpendicular to a surface
that has no thickness or that is thin enough that its thickness can be ignored. The property is
converted to a unit area and measured in [Qm?]. The value is unique and does not depend on
the sheet’s area.

What precautions apply when performing maintenance of probe tips?

For more information about probe maintenance, refer to “RM9004 Test Fixture” (p.126).
Performing measurements while the tips of the probes are dirty will lead to probe wear and
greater measurement error. Consequently, the probe tips should be cleaned regularly with air.

Is it possible to verify that the system is making the same measurements every
day?

Yes. Use the probe check board to complete the pre-start inspection (p.32) before you start
using the system daily. Inspection items include SHORT inspection (to check continuity among
the probes, RM2611 Electrode Resistance Meter, and the measurement target) and OPEN
inspection (to verify that probes are isolated from one other).

How should I configure the settings for a collector with an undercoat? (p.110)

You can evaluate such a sheet by ignoring the thickness of the undercoat when you enter the
conditions. The resistance value obtained by adding together the interface resistance between
the collector and the undercoat, the resistance of the undercoat itself, and the interface
resistance between the undercoat and the composite will be output as the interface resistance.

It is possible to measure a sheet that has soaked up electrolyte? Additionally, is
it possible to measure an electrode sheet from a disassembled battery?

If the electrode sheet is dry, yes. However, caution is necessary as any remaining electrolyte
will corrode and damage the probes.

What are analysis results? (p.111)

Analysis reliability provides an indicator of whether the inverse problem was performed
correctly. Although the value is not intended to serve as an indicator of the absolute value or
accuracy of the interface resistance or composite layer volume resistivity, it does offer a way to
check the status of analysis.

What is measurement reliability? (p.112)

Measurement reliability provides an indicator of whether potential measurement has been
performed correctly. It allows you to check the status of potential measurement. Measurement
reliability is indicated by three values: consistency, error rate, and variability (coefficient of
variability).

How much does entering an incorrect value for the composite layer thickness
affect analysis results? (p.113)

How much entry of an inaccurate value affects analysis results depends on a variety of
parameters, including electrode sheet resistance, composite thickness, and collector thickness.
Please enter as accurate a thickness as possible before performing analysis. Additionally, the
system provides re-analysis capability to repeat analysis for previous measurements (p.53).

HIOKI RM2612A961-03



Why am | encountering frequent contact errors and measurement reliability
errors?

The instrument may not be properly acquiring the potential distribution. Possible causes include
cases in which measurement current pathways are not well-formed in the test area, for example
due to there being only a small amount of conductive auxiliary agent, or a mixture of locations
where there is conductive auxiliary agent and other locations where there is none. Enable the
error rejection function and repeat measurement. You may be able to obtain results that more
closely approach an accurate value by measuring multiple locations similarly and performing
statistical processing (averaging, variability, etc.) of the results.

Can | measure an electrode that has not yet been pressed?

You may be able to do so, depending on the softness of the composite layer. Such
measurement is possible as long as the composite layer has a certain level of firmness,
regardless of whether it has been pressed. If the composite layer is too soft, the probes may
become embedded in the composite, resulting in a measurement reliability error or an analysis
reliability error.

Under what circumstances do contact errors occur? (p.114)

Contact errors are reported more often when the effect on measurement of the contact
resistance between the probes and the measurement target becomes more pronounced.

In terms of specific operation, 2-terminal resistance measurement is used to measure the
resistance between the probes and the measurement target, and a contact error is concluded
to have occurred if a certain threshold is exceeded.

What will happen if | use a PC with other than the recommended system
requirements?

The system will function in most cases if you use a CPU that is not recommended (Intel®
Core™ i7, 2.4 GHz, 4 threads or better), but PC application processing may slow.

What is the smallest measurable size for an electrode sheet?

The smallest size for a square sheetis 10 mm x 10 mm. For a round sheet, it's a diameter of
10 mm.

If measuring a sheet of the smallest size, make measurements at the center.

For an electrode sheet with large area, it is recommended to make measurements at a location
that is at least 5 mm from any edge so that measured values are not affected by the edge of
the electrode sheet.

Can the test fixture’s press force be adjusted?

The measurement press force cannot be adjusted. The fixture presses down under the load of
its own weight (about 1 kg). The load per probe is approximately 0.044 N.

How thick of an electrode sheet can be analyzed?

The suitability of any given electrode sheet for analysis cannot be defined solely in terms of
thickness. The resistance value of the measurement target is also a factor. The only way to
ascertain suitability is to attempt measurement. For reference, most (although not all) LIB
electrode sheets that fall within the following range can be analyzed:

Composite layer thickness: 20 ym to 200 ym
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How can | calibrate the RM2610?

With regard to the RM2610, only the RM2611 Electrode Resistance Meter can be calibrated.
Please contact Hioki if you wish to have your RM2611 calibrated.

With regard to the finite volume model, do potential calculations take into
account the fact that the electrode sheet comprises a three-dimensional space?

Yes. The finite volume method used to calculate the calculated potential uses a three-
dimensional spatial model.

Can the unit for surface resistivity be converted from Qcm’ to Qcm?

Since the boundary resistance is defined as a resistance with no thickness, values are output
as boundary resistivity [Qcm?] It is not possible to convert the unit from Qcm? to Qcm.

If the goal is to use a common unit so that the magnitudes of the composite volume resistivity
and boundary resistance can be compared, an evaluation can be made by converting
composite resistance to surface resistivity. The “composite surface resistivity [ohm cm?]’
value in the calculation results file expresses the composite layer’s resistance as a boundary
resistivity [Qcm?] value.

Automatic is the default initial value for repetitive calculations, but how can the
value be changed if we wish to use a proprietary value?

If the resistance value of the measurement target is known in advance, you can reduce analysis
times by entering that value. If the measurement target’s resistance value is unknown, it is
recommended to configure this setting to [Automatic calculation].

Is it possible to purchase RM9004 cleaning film separately?
RM9004 cleaning film can be purchased separately. Please contact your HIOKI dealer.
Is it possible to purchase the RM9004 probe inspection board separately?

The RM9004 probe inspection board can be purchased separately. Please contact your HIOKI
dealer.
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About the reduction factor

I 8.1 About the reduction factor

In iterative calculations performed as part of an inverse problem analysis, calculations exhibit
unstable convergence if the initial value differs greatly from the solution.

As shown by the line labeled “Large reduction factor” in the graph, excessive correction of the
iterative calculation may result in negative resistance values. Adjusting the reduction factor in such
cases may stabilize the iterative calculation.

The reduction factor is a parameter that regulates the magnitude of correction performed in the
iterative calculation. The initial value of 1.0 results in maximum correction. Reducing this value (it
must be greater than 0) has the effect of reducing the magnitude of correction, with the result that a
phenomenon in which iteration undergoes too much correction can be reduced as shown in the line
labeled “Small reduction factor” in the graph.

However, smaller reduction factors increase calculation times since more iteration is needed in
order for calculations to converge. Consequently, it is recommended to use the initial value of 1.0
for the reduction factor when convergence is table.

Interface resistance (composite layer volume resistivity)

N

Large reduction factor

\—Small reduction factor

\\ > |teration number

Calculation error
No (negative resistance value)

>
O
Calculation times: Longer Calculation times: Shorter
Calculation stability: Higher Calculation stability: Lower
< >
Small (>0) Reduction factor Large (<1)
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How is interface resistance calculated?

I 8.2 How is interface resistance calculated?

By combining multipoint potential measurement (resistance measurement) and inverse analysis
calculations, it is possible to isolate and calculate the composite layer volume resistivity and
interface resistance for lithium-ion battery electrode sheets.

In this way, it is possible to calculate interface resistance by means of a simple series of operations:
configuring several settings, placing probes in contact with the surface of the electrode sheet, and
stating measurement.

When you click [Start], the system performs the following steps automatically:

1 The electrode sheet is treated as a virtual electrode sheet consisting of two layers and
one interface layer, and the resistance of each layer is labeled R71, R2, and r (modeling).

1 A constant current is applied to the surface of the electrode sheet, and the potential
distribution occurring on the surface is measured at multiple points (to acquire the
observed potential).

2 Acalculated potential that agrees with the observed potential is calculated repeatedly
(using curvilinear regression) while treating R7 and r as the variables.

3 The R1 and r values for which the observed potential and calculated potential agree are
output as the composite layer volume resistivity and interface resistance.

. Virtual electrode sheet:
Electrode sheet: Observed potential Calculated potential

Constant current

@ source

e
Enlarged view of
measurement probes

Composite
layer R1

—— 4 | interface r [

:| Collector  R2 |:

(It doesn’t matter whether the electrode sheet that is (R1 and R2 thickness [um], and R2 volume
measured is coated on one side or both sides. The resistivity are entered by the user.)
composite layer resistivity and interface resistance on the

probed surface are output.)
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How is interface resistance calculated?

1 Modeling
Composite layer
/\ /_ R
M R S —R2
Interface ol .
\/ N——Rs3
Collector
WV
2 Potential Composite v
measurement layer
N Interface
. 9 N d
Surface potential
rel;:)sctl:;ie distribution
value (representative)
WV
3 calculation of
Don't potential using a v
agree simulation \\‘
\ §
Surface potential
Virtual electrode distribution
sheet (representative) as
calculated by simulation
Vv

omparison
of observed potential

and calculated o T d
otential o)
ul
5
Surface potential Surface potential
Agree distribution . distribution '
(representative) (representative) as
calculated by simulation
WV

5 Output (end)

HIOKI RM2612A961-03 105



What is the finite volume model?

106

The finite volume model signifies a calculation domain that has been segregated into a finite
number of elements (known as a mesh) in order to perform numerical calculations using the finite
volume method (FVM).

The RM2612 Resistance Calculation Software calculates potential distribution using the FVM in
order to calculate the interface resistance and composite layer volume resistivity. The finite volume
model is equivalent to a circuit consisting of a three-dimensional resistance matrix, as shown below.

Constant current source

®
®

Electrode sheet diagram lllustration of finite volume model and equivalent
resistance matrix
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Can electrode sheets coated on both sides be measured?

8.4 Can electrode sheets coated on both sides be
measured?

It makes no difference whether the electrode sheet being measured is coated on one side or both
sides.

However, exercise caution with regard to the following:

» The interface resistance and composite layer volume resistivity can only be measured on the top
surface (the surface with which the probes make contact).

* In order to measure the resistance on the bottom of the sheet (the surface with which the probes
do not make contact), you will have to turn the electrode sheet over and measure it again.

» The bottom surface has very little effect on the top surface.
Since the resistivity of the composite layer and interface is much larger than the resistivity of the
collector on a typical lithium-ion battery electrode sheet, the measurement current that flows to
the collector after being applied to the top surface does not flow to the composite layer on the
bottom of the sheet, with the result that the bottom surface has almost no effect on the surface
potential of the top surface.

()
NI

Composite (top)

Current distribution \H)
Z/ Interface (top)
z/
S5— Collector

I~
\

Interface (bottom)
Composite (bottom)
Figure: Cross-sectional diagram of measurement of double-coated electrodes

>
D
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What is volume resistivity?

I 8.5 What is volume resistivity?

Volume resistivity is a physical property that indicates the comparative difficulty with which
electricity passes through a material. It is also known as resistivity, specific resistance, and
electrical resistivity. Volume resistivity is measured in [Qm].

Each material has a characteristic volume resistivity that does not depend on its shape or size. As
a result, the characteristic offers a convenient means of comparing the electrical conductivity of
different materials.

The relationship between the volume resistivity p and the electrical resistance R is shown below.
[R = (V: Voltage drop) / (I: Current)]

p =RxRCF -....(Equation 1)

Here RCF s a correction coefficient that corrects for the effects of the material’s shape, size, and
measurement position. R and RCF vary with the shape, size, and measurement position of the

material.

For example, for a columnar object with length L and cross-sectional area S, electrical resistance is
proportional to the length L and inversely proportional to the cross-sectional area S.

R=p xg ----- (Equation 2)

The proportionality coefficient here is the volume resistivity, and the equation can be changed as
shown below so that it can be compared with Equation 1.

Methods for measuring the volume resistivity of a conductor include that described in JIS K 7194,
“Testing method for resistivity of conductive plastics with four-point probe array.”

Length (L) Current
Width (W)
Cross-sectional

/area (S) Thlckness
/ It
I L}

DC power supply (V)

L L pv L L
R=pv— V—="——=p5—
P S + p Wt P w

Volume resistivity pv Surface resistance ps

Cross-sectional area S Width W
PV= Resistance R x PS= Resistance R x ———
Length L Length L
— (|
RCF RCF
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What is surface resistivity? How do composite layer volume resistivity and composite layer surface resistivity differ?

8.6 What is surface resistivity? How do composite
layer volume resistivity and composite layer
surface resistivity differ?

Surface resistivity indicates the difficulty with which electricity flows perpendicularly to a surface that
has no thickness or that is thin enough that its thickness can be ignored. The property is converted
expressed per unit area and measured in [Qm?]. The value is unique and does not depend on the
sheet’s area.

The instrument defines the resistance of the contact surface between the composite and collector
as the interface resistance and expresses it in surface resistivity units. The interface resistance is
the contact resistance between both surfaces, and since no substance actually exists there, the
concept of thickness does not apply. (Another valid approach would be to assume the existence of
an extremely thin non-conductive coating.) In such circumstances, surface resistivity is the most
appropriate indicator of resistance to the flow of electricity.

Composite layer volume resistivity and composite layer surface resistivity are related by unit
conversion. The figure below provides a diagram that defines surface resistivity. Composite layer
surface resistivity is calculated by multiplying the composite layer volume resistivity by the thickness
of the composite layer. In other words, the relationship can be expressed as follows:

Composite layer surface resistivity = Composite layer volume resistivity x composite layer thickness
Surface resistivity removes the concept of thickness from volume resistivity. It is necessary to

exercise caution as the surface resistivity of the electrode composite may behave slightly differently
since the electrode composite does in fact have thickness.

|_| Current

Resistance R[QQ] Volume resistivity o [Qm]

Length L [m]

Thickness t [m] (~ 0)I|

Width W [m]
Figure: Definition of surface resistivity

Rept_ TD_RD

WxL WxL WxL

>
D

R, =pxt [Qm’] Surface resistivity
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How should | configure the settings for a collector with an undercoat?

8.7 How should | configure the settings for a

110

collector with an undercoat?

When the collector has an undercoat, it is recommended to measure the sheet by ignoring the
thickness of the undercoat when you enter measurement conditions.

Because the thickness of the undercoat is negligible compared to that of the composite layer and
collector layer, with the result that the effect of current flowing in the direction of the undercoat
surface can be ignored, the resistance value obtained by adding together the interface resistance
between the collector and the undercoat, the resistance of the undercoat itself, and the interface
resistance between the undercoat and the composite will be output as the interface resistance.

Since the undercoat layer is thin, it would be difficult for the instrument to evaluate the interface
resistance between the undercoat and the collector on a two-layer sheet made up of just an
undercoat and collector. Please evaluate the interface resistance based on the above interpretation
after applying the composite layer.

Composite layer Interface resistance between
— undercoat and composite

Interface
resistance — Undercoat layer

— Interface resistance between

1l rl r
Collector laye collector and undercoat

Figure: Diagram showing a cross-section of an electrode using a collector with an undercoat layer
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What are analysis results?

I 8.8 What are analysis results?

Analysis reliability provides an indicator of whether the inverse problem was performed correctly.
Although the value is not intended to serve as an indicator of the absolute value or accuracy of the
interface resistance or composite layer volume resistivity, it does offer a way to check the status of
analysis.

Two types of analysis results are provided:

Iteration number

The iteration number indicates the number of inverse analysis iterations. Ordinarily, there is no
relationship between the number of iterations until analysis completes and the correctness of the
analysis results, and the iteration number can be thought of as varying with the manner in which
the initial value was calculated and the reduction factor setting. Please use the iteration number as
a rough indicator of calculation time.

Coincidence between observed potential and calculated potential

The coincidence value expresses the extent to which the calculated potential distribution
approaches the observed potential distribution. The more closely this value approaches 1, the
smaller the relative difference between the measured potential and the calculated potential (i.e., the
greater their relative coincidence). Coincidence [R] is defined as follows (it may have a negative
value):

R2: 1 _ § zi (Vmeas,i - V;a_lc,i)z
5 Z[(I/meas,i - V)2

Here V... indicates the measured potential; V., the calculated potential; and V, the average
measured potential distribution.

Coincidence provides a numerical indication of the calculation status. It does not indicate electrode
sheet quality.

>
D
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What is measurement reliability?

I 8.9 What is measurement reliability?

Measurement reliability provides an indicator of whether potential measurement has been
performed correctly. It allows you to check the status of potential measurement. Measurement
reliability is indicated by three values.

Consistency [PASS/FAIL]

Consistency provides a judgment of whether the magnitude of the gradient in the potential
distribution accords with the theoretical result that would be expected. Potential increases near the
current source probe and decreases near the current drain probe, and consistency checks for the
relationship that would be expected in theory and expresses the result as a PASS or FAIL value.

© ©

Potential oo Potential

! position ‘position

: Measurement : kMeasurement

Figure: lllustration of consistency (left: PASS consistency; right: FAIL consistency)

Error rate [%)]

The error rate expresses the number of measurements with a incomplete contact as a percentage
of all measurements obtained during multipoint measurement of potential distribution. The error
rejection function rejects error data with an error rate that falls below a certain threshold and
performs analysis using only normal measurement data.

Coefficient of variability [%]

The coefficient of variability is defined as the result of dividing the standard deviation of measured
potential by the average value.

The smaller coefficient of variability indicates that the smaller variation in measured potential.
The figure is calculated for the group that contains the most information about the measurement
target after observed potential values have been divided into multiple groups.
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How much does entering an incorrect value for the composite layer thickness affect analysis results?

How much entry of an inaccurate value affects analysis results depends on a variety of parameters,
including electrode sheet resistance, composite thickness, and collector thickness. Please enter

as accurate a thickness as possible before performing analysis. Additionally, the system provides
re-analysis capability to repeat analysis for previous measurements (p.53). If you entered an
incorrect value, please correct the composite layer thickness and then perform re-analysis.

Hioki evaluated the effect of entering an incorrect thickness when measuring a standard positive
electrode sheet (with a composite thickness of 77 um). This evaluation showed that the incorrectly
entered thickness produced an error in analysis results on par with the ratio indicating the extent to
which it differed from the correct thickness value.

(This relationship may not obtain for all electrode sheets.)

(These results are not suitable for use in correcting for the effects of thickness.)

10.0
8.0 /

6.0 /

40 / A

2.0
00 o 7'0 20 0 Composite layer resistivity error [%]
20 -~ Interface resistance error [%]

-4.0 /
-6.0
-8.0 /

-10.0

-12.0
Figure: Effects of incorrectly entering the thickness (representative example for a positive electrode)

>
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Under what circumstances do contact errors occur?

114

Two-terminal resistance measurement is used to measure the resistance between the probes and
the measurement target, and a contact error is concluded to have occurred if a certain threshold is
exceeded.

* The RM2612 Resistance Calculation Software allows you to turn the contact check function on or
off. When the function is on, the judgment process described above is performed. The initial value
is ON.

» The threshold can be set as desired from 1 Q to 10 MQ. The initial value is 20 kQ.

* The software also provides an error rejection function (p.59) that works with the results of
contact checks between probes to identify which probes have generated contact errors.

If you encounter frequent contact errors, try the following:

* Perform the RM9004’s SHORT inspection to check whether the probes are in good condition.

» Try changing the contact check’s resistance threshold so that it's greater than the measurement
target’s resistance value.

HIOKI RM2612A961-03



n Maintenance and Service

Precautions when transporting the product

Be sure to follow these precautions when transporting the product:

* Remove accessories and options from the product in order to avoid damaging it. Additionally, use

the packaging in which the product was packed when you purchased it, and be sure to double-

box it. Accidental damage suffered in transit is not covered by the warranty.
« Attach a description of the issue when sending out your product for repair.

RM9003 Press Unit

IMPORTANT

* Raise the up/down lever and then tighten the lock release lever clamp knob to ensure that the press unit

does not move up or down during transport.

« If the lock disable pin has been engaged, the up/down lever will be free to move even if the lock release

lever knob has been tightened. Be sure to tighten the lock release lever clamp knob after disengaging the

lock disable pin.

\

Tighten the lock release
lever clamp knob.

Maintenance and Service
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Service life of replaceable parts

The performance of some parts used in the product may degrade during the course of extended
use. To ensure your ability to use the product into the indefinite future, Hioki recommends regular
replacement of these parts. Please contact your authorized Hioki distributor or reseller when you

116

need to do so.

Service life varies with the operating environment and frequency of use. Please note that
performance is not guaranteed for the duration of the recommended replacement cycle.

Part name

Recommended

Remarks and conditions
replacement cycle

RM2611 Electrode Resistance Meter

Electrolytic capacitors

About 10 years The circuit board on which these
parts are mounted must be replaced.

LCD backlight (loss of half brightness)

About 50,000 hours

Backup battery

About 10 years Replace when the RM2611 Electrode
Resistance Meter display shows

the following error code: [ERR:096
Backup data error.].

Relay

About 50 million cycles

RM9004 Test Fixture

Probes

The recommended replacement cycle for probes depends on
the number of measurements made and the types of samples
measured. Please have the probes replaced once you start to
encounter frequent errors during SHORT and OPEN inspections
of the RM9004 Test Fixture.
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I 9.1 Troubleshooting

Troubleshooting

If you believe the product may be broken, please review the suggestions described under
“Before having your product repaired.” If those steps fail to resolve the issue, please contact your
authorized Hioki distributor or reseller.
If you are unsure of the cause of the issue, initialize the RM2612 Resistance Calculation Software
to revert all settings to their factory default (p.119).

Power supply issues

Before having your product repaired

HIOKI RM2612A961-03

Symptom Check item or cause Solution ::i
| can’t turn on the RM2611 | Standby key color Red The instrument is in the
Electrode Resistance standby state. Press the p.29
Meter (nothing is shown standby key.
on the display).

isplay) No color Power is not being

supplied to the instrument.
Check whether the power | p.26
cord has been properly
connected.
Display and operation issues
. . See

Symptom Check item or cause Solution also
The lock release lever on | The lock release lever clamp knob has been | Loosen the lock release
the RM9003 Press Unit tightened. lever clamp knob. p.51
won’t move.

Inspection errors
. . See

Symptom Check item or cause Solution also
| encountered an Probes are not making Raise the up/down lever and adjust the
error during a SHORT contact with the gold-plated position of the probe check board so 33
inspection of the RM9004 | conductive surface on the that the probes make contact with the P:
Test Fixture. probe check board. board’s gold-plated conductive surface.

Probes are making contact Raise the up/down lever and change
with the gold-plated the position at which the probes make
conductive surface on the contact with the gold-plated conductive
probe check board. surface. Then repeat the inspection. If
the error persists, the probe tips may p.126
be experiencing incomplete contact. p.59
Perform the following steps:
* Clean the probe tips with air
* Use the error rejection function
» Replace the probes
| encountered an Probes are not making Do not allow the probes to make contact
error during an OPEN contact with the gold-plated with the gold-plated conductive surface. 38
inspection of the RM9004 | conductive surface on the P-
Test Fixture. probe check board.
Probes are making contact A conductive substance or other foreign
with the non-conductive material may have become lodged
surface on the probe check between some of the probes. Clean the | p.126
board. probe tips with air. If the error persists,
have the probes replaced.
117
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Updating the Software

I 9.2 Updating the Software

If you have an Internet connection and can download files, you can update the RM2612 Resistance

Calculation Software’s PC application.

! RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM E=m R ==
File(F) | Setup(S) | Check(C) Language(L) Help(H} H I o KI
1 - @ Settings... Ctrl+S
Cormposi ¥ Rangs Mode

1.337E+01

Interface resistance [ &M

2.730E+01

[ em™2]

Temperature
2 v 227
[cl
Pin contact
Relt ["Facs |
— 9
3 Error count [ ]

Potential meas. reliability

Gonsistercy R
Errorrate (¥ AN
Variation [¥] EEE
Analysis results

Traration rurcber  [EEIN

Coincidence

1000

Ciopy Clear
Glipboard Histary

Auto range 100k (1001 A)

Electrode infa.

Composite layer thick
Lm

Collector layer thick,
am

Collector resistivity

2 7000E-06
2 cm

Comment  MMC-100a

File output
Analysis result

Path laralysis results)
CHRME1 0¥ Data¥meas.cov

Path (potential dats for analysis)
C¥RM2610¥Data¥ calodata csv

Status

End

Progress (potential measurement)

Progress (analysis)

I Repeat
Analysis

50

20

Patential data for analysis

Meas +analysis

Analysis conditions

hodel area
MORMAL

Elernent size
MORMAL

Lirnit iteration nurnber
30

Reduction factor

1.0000

Tnitial iteration value
Auto cale

Browse
Browss

4 .

1 Choose [Settings].

Choose [System].

Click [Update to Latest Version].

5 °

SYSTEM] dialog box will be displayed.

To update the application to the latest version, click [OK].

If there is a new version available, the [ELECTRODE RESISTANCE MEASUREMENT

After clicking [OK], follow the installation procedure (p.22) to update the software. Once
the update is complete, the new version of the application will launch automatically.
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| 9.3 Initializing the Software

Initializing the Software

This section describes how to reset the RM2612 Resistance Calculation Software to its factory

defaults.

~

IMPORTANT

software.

Clicking [Initialize configuration] will reset all settings other than those listed below to the factory defaults.
Follow the instructions in “6.1 Saving Measurement Conditions” (p.79) as necessary before initializing the

Settings that are not initialized: Communications settings, counter, password, maintenance interval

' RM2610 ELECTRODE RESISTANCE MEASUREMENT SYSTEM o]l = /==
File(F) | Setup(S) | Check(C) Language(L) Help{H) H I 0 KI
1 @ Settings... Ctrl+5S
Liomposi| ¥ Range Mode

1.337E+01

Interface resistance 1% ol

2_730E+01

[ om™2]

Termperatire
2 0227
[cl
Pin contact
Result [P |
Error count I
Potential meas. reliability
Gorsistercy SRR
Errar rate [%] ]
3 WarETIon () o5 ]
Analysis results
Itaration number m
GCoincidence

Gopy Clear
Gliphoard Histary

Status Progress (potential measuremsnt)

End |

Progress (analysis)

(=

Auto range

100kQ{1008A) -

Meas +Analysis

Electrode infa Analysis conditions

Composite layer thick 50 Model area
LR NORMAL
Element size
GCollector layer thick, 20 MORMAL
thm

Limit iteration nurmber
GCollector resistiity g

2.F000E-06
Q cm,

4

Reduction factor
1.0000

Comment  MMG-100a Tnitial iteration value

Auto cale.
File output
Analysis result Potential data for analysis

Path (analysis results)

G¥RM261 0¥ Data¥meas.csv
Path (potential data for amalysis)
G¥RM261 0¥ Data¥ calodata csu

Repeat
Analysis

4 .

1 cChoose [Settings].

2 Choose [System].

3 Click [Initialize Configuration].

4 .

4 Click [OK].
The software will be initialized.

HIOKI RM2612A961-03
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Initializing the Software

Factory default settings

‘ Setting ‘ Initial value

Measurement conditions

Auto range ON
Resistance range 10 MQ (1 pA)
Electrode sheet information
Composite layer thickness [um] 50
Collector thickness [um] 20
Collector volume resistivity [QQcm] 2.7000E-06
Comment (Blank)

File output
Analysis results ON
Potential for analysis OFF
Analysis results path (User desktop)
Potential for analysis path (User desktop)

System

Communications settings

(Device if connected)

Measurement

Operating mode

Potential measurement + analysis

Measurement speed

MEDIUM

Contact check ON
Threshold [Q] 2.000E+04
Auto start OFF

Delay time [ms] 500

Error rejection OFF

Error tolerance [%] 20.0

Composite layer units

Volume resistivity [Qcm]

Beep at measurement completion

ON

120

HIOKI RM2612A961-03




Initializing the Software

Analysis
Initial value Automatic calculation
Composite layer volume resistivity [Qcm] 1.000E+0Q0
Interface resistance [Qcm”2] 1.000E+00
Conditions Single
Multiple settings Model area: NORMAL
Element size: NORMAL
Limit iteration number: 30
Reduction factor: 1.0000
Model area NORMAL
Element size NORMAL
Limit iteration number 30
Reduction factor 1.0000
File
Contact check results ON
2D potential file output OFF

CSV save settings

Decimal symbol Period

Delimiter Comma

Administrator

Debug file OFF
RM2611 enable OFF
Password rm2612
Maintenance interval 300

=
)
>
=
(0]
>
Q
>
o
(0]
Q
>
o
wn
(0]
<.
(@]
D

HIOKI RM2612A961-03 121



List of Error Messages

I 9.4 List of Error Messages

The table below lists messages displayed on the screen in the event of the product or measurement

state error. If repair is necessary, please contact your authorized Hioki distributor or reseller.

RM2611 Electrode Resistance Meter

Display Meaning Solution
NO UNIT The MUX unit has not been Properly insert the MUX unit. If the
inserted. error persists, the instrument is
malfunctioning. Please have it repaired.

ERR:090 ROM check sum error. | Program ROM checksum error | The instrument is malfunctioning. Please
have it repaired.

ERR:091 RAM error. CPU RAM error The instrument is malfunctioning. Please
have it repaired.

ERR:092 Memory access failed. | Memory access error Turn off the main power and wait at least

Main power off, restart 10 s before turning it back on.
after 10s.

ERR:093 Memory read/write Memory read/write test error The instrument is malfunctioning. Please
error. have it repaired.

ERR:095 Adjustment data error. | Adjustment data error The instrument is malfunctioning. Please

have it repaired.

ERR:096 Backup data error. Configuration backup error The settings have been initialized.
Reconfigure measurement conditions
and other settings.

ERR:097 Power line detection Power supply frequency The instrument was unable to detect
error. Select power detection error the power supply frequency. The power
line cycle. line may be carrying significant noise.

Either move the instrument away from
the source of noise or affix a ferrite core
or other noise-reducing device to the
power cord.

ERR:098 Blown FUSE or The fuse is blown. Replace the fuse. The fuse is not
measurement lead is customer-replaceable, so please contact
broken. your authorized Hioki distributor or

reseller.

ERR:100 MUX unit error. MUX unit error The instrument is malfunctioning. Please
have it repaired.
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List of Error Messages

RM2612 Resistance Calculation Software

Dialog box message

Solution

Check the connection with the
RM2611.

The RM2611 Electrode Resistance Meter and PC are not connected.

» Check the communications settings under [Settings]-[System] (p.31).
Verify that the RM2611 Electrode Resistance Meter and PC are connected
with a USB cable.

* Verify that the RM2611 Electrode Resistance Meter is turned on (p.29).

Abnormal contact resistance.

One or more probes is suffering from incomplete contact. Please refer to the
information shown on the screen when performing maintenance.

Directory does not exist. Please
specify the file path again.

Check the path used to save files.

file operation.

File is being edited. Please enable

The file to which the PC application is attempting to append data may have
been opened by another application. Please close the file in question. If the
error persists, check whether the file attributes allow write access by the PC
application.

The file is a read-only file and
cannot be saved. Please enable
file operation.

The file to which the PC application is attempting to append data may have
been opened by another application. Please close the file in question. If the
error persists, check whether the file attributes allow write access by the PC
application.

File save error.

The PC application was unable to output a file. Please check the following:
* Does the application have write access to the output path (folder)?

* Is there enough space available on the disk?

* Has the output file been opened by another application?

Please insert the license key.

The PC application checks for the USB license key when it launches and
when it starts measurement, among other times. Please insert the USB
license key (p.30).

The MUX unit is not connected.

Please properly insert the MUX unit. If the error persists, the instrument is
malfunctioning. Please have it repaired.

No additional analysis
configurations can be added.

The maximum number of analysis conditions that can be added is 100.
Please delete an existing row before attempting to add a new one.

Wrong password

Please enter the correct administrator password.

Out of range.

Please enter a value that falls within the valid setting range.

Failed to download the latest
version.

Please verify that you have Internet connectivity and can download files.
(Please check with the administrator of the network you're using.)

Not connected to the Internet.

Please connect to the Internet.

Abnormal potential distribution.

One or more probes is suffering from incomplete contact. Please refer to the
information shown on the screen when performing maintenance.

Abnormal insulation resistance.

Check whether probes are in contact with the gold pattern on the probe
inspection board. (Ensure that probes make contact with the non-conductive
surface.) Please refer to the information shown on the screen when
performing maintenance.
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List of Error Messages

Dialog box message Solution

RM2612 application requires Please download and install Microsoft .NET Framework 4.8 (p.20).
Microsoft .NET Framework 4.8.
Please use Windows Update to
install this version and then re-
launch the RM2612 application
setup program.

Wrong file format. The potential data for analysis file is using the wrong file format. Please load
a file with the correct format.
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Cleaning the System

IMPORTANT

Never use solvents such as benzene, alcohol, acetone, ether, ketone, thinners or gasoline. Doing
so could deform and discolor the instrument.

RM2611 Electrode Resistance Meter

If the RM2611 Electrode Resistance Meter becomes dirty, slightly moisten a soft cloth with water or
a neutral detergent and wipe it clean.

RM9003 Press Unit

If the RM9003 Press Unit becomes dirty, wipe it gently with a soft cloth.

HIOKI RM2612A961-03 125
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Cleaning the System

RM9004 Test Fixture

/A CAUTION

» Do not operate the up/down lever while cleaning the device. Doing so could cause the
RM9004 Test Fixture to lower while you're cleaning it, resulting in injury or damage to

the device.

» Contacting the probes with cloth, cotton swabs, or other supplies while cleaning the
device could deform the pins, increasing the error component of measurement results
or making accurate measurement impossible.

+ Use a compressed air pressure of 207 kPa (2.1 kgf/cm® 30 psi) or less.
* Wear a dustproof mask and dustproof goggles while cleaning the device.

IMPORTANT

» The probes are extremely thin. Do not clean them with anything other than air.

» The RM9004 Test Fixture’s probes are consumable parts. They require periodic replacement but are not
customer-replaceable. Please contact your authorized Hioki distributor or reseller for more information.

* See also the RM2610 Probe Maintenance Guide (p.19).

You will need:

A compressed air gun or blower (of the type used to clean
camera lenses)

1 Verify that the test fixture lock lever is in
the lowered position.

Disconnect the RM9005 Connection Cable
from the RM9004 Test Fixture.

Test fixture
lock lever

2

3 Disconnect the grounding cable from the
RM9004 Test Fixture’s grounding terminal.

4

Rotate the test fixture clamp knob
counterclockwise to disengage the lock.

While doing so, rotate the test fixture clamp knob
toward the UNLOCK position until the screw is
fully removed while holding the RM9004 Test
Fixture still. The base (bottom) of the RM9004 Test
Fixture will gradually move so that it faces toward
the front of the unit.
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5 Once the base of the test fixture is fully
facing toward the front, pull out the
maintenance plunger to lock the RM9004
Test Fixture in place.

6 Remove dust from the probes using the
compressed air gun or blower.

7 Repeat the above procedure in reverse
after cleaning to return the test fixture to
its original state.
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Calibration

The calibration period varies with the conditions and environment of use. It is recommended
to determine a calibration period based on those factors and to have the instrument regularly
calibrated by Hioki.

The RM2611 Electrode Resistance Meter uses a lithium battery to back up its clock. When
disposing of the RM2611 Electrode Resistance Meter, remove this battery and follow all applicable
regulations in your region.

Removing the lithium battery

/AN\DANGER

To prevent electric shock, turn off the RM2611 Electrode Resistance Meter’s
A main power switch and disconnect the power cord and connection cable before
removing the lithium battery from the instrument.

/AN CAUTION

Exercise care not to short the battery’s positive and negative terminals. Doing so may
cause sparks.

HIOKI RM2612A961-03 127
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Disposing of the RM2611 Electrode Resistance Meter

Necessary tools: Philips screwdriver (No. 1 size) and pair of tweezers (for removing the
lithium battery)

1 Verify that the RM2611 Electrode
Resistance Meter’s main power switch (on
the rear of the instrument) is in the OFF (o)
position and disconnect all cords.

2 Remove the six screws from the sides and
one screw from the rear.

3 Remove the cover.
(As seen from above) 4

Remove the four screws and lift up the
(Rear)

MUX unit frame. (Do not disconnect the

—=ll [P = — 1

- ‘3 c‘ - connector that connects the MUX unit
frame to the RM2611 Electrode Resistance
Meter.)
L L L L
Op—2 [ S— ()
\f_/
Connector ————/
(Front)
(As seen from above) 5 Insert the tweezers into the space between
;ﬁ g the battery and the battery holder and

remove the battery while lifting up on it,
as shown in the figure.

CALIFORNIA, USA ONLY
Perchlorate Material - special handling may apply.
See www.dtsc.ca.gov/hazardouswaste/perchlorate
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m Appendix

| 10.1 Rack Mounting

The screws on the sides of the RM2611 Electrode Resistance Meter can be removed and used to
attach rack-mounting hardware.

/A WARNING

To prevent damage to the RM2611 Electrode Resistance Meter or electric shock,

exercise care with regard to the following precautions concerning the type of

screws used:

When installing rack-mounting hardware onto the sides of the instrument, ensure

that the screws do not protrude into the RM2611 Electrode Resistance Meter
0 more than 3.5 mm. When removing the rack-mounting hardware to return the

instrument to its original state, use the same screws that were installed when it

shipped from the factory.

(Support legs: M3 x 6 mm; sides: M4 x 6 mm)

If you lose or damage the screws, please contact your authorized Hioki distributor

or reseller.
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Rack Mounting

Rack-mounting hardware reference diagram and installation method

Spacers (use 2)

Rack-mounting hardware (EIA)

2x P45

SPCC t1

32
70

]

oy SPCC 2.3

2xC2 2x 945 2xC2
L S |
=2 R3. — i
2 =
s a= 7
215.5 4xC2 I 32.5
464 40
480
Rack-mounting hardware (JIS)
)
N
m: SPCC t2.3
2xC2 2x 945 2xC2
_ 1]
i N
7 R3 ) 4
B 2 S E[f\'
215.5 4xC2 i 32.5
460 40
480
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Rack Mounting

1 Remove the screws from the RM2611
Electrode Resistance Meter’s support
feet (on the bottom) and side cover (total
of 4 on the sides at the front).

M4 x 6 mm

Rack-mounting hardware (JIS, EIA) 2 Insert spacers on both sides of the

RM2611 Electrode Resistance Meter and
then install the rack-mounting hardware
with M4 x 10 mm screws.

M4 x 10 mm

IMPORTANT

Use a commercially available stand or other
equipment to reinforce the installation when mounting
the instrument in rack.

Spacers

>
o
°
@
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o
X
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Dimensional Drawings

I 10.2 Dimensional Drawings
RM2611 Electrode Resistance Meter
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Weight : Approx. 3.4 kg
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Dimensional Drawings

RM9003 Press Unit

Unit: mm

230 #2

(373)

Weight : Approx. 8.5 kg

RM9004 Test Fixture

Probe loading (reference value): 0.044 N/probe
Unit: mm
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Weight : Approx. 770 g
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Dimensional Drawings

RM9005 Connection Cable
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Probe Maintenance

Please perform probe maintenance to ensure proper measurement results. Probe maintenance is
performed for the following purposes:

» To improve measurement accuracy by keeping probes in good condition

» To extend probes’ service life

» To check whether probes need to be replaced

Role of the probes
This measurement system measures potential on a surface at multiple points by applying a
constant current to an electrode sheet and calculates the composite layer resistivity and boundary
resistance from the resulting potential values.
The RM9004 Test Fixture is equipped with 46 probes (located at the bottom of the fixture; see figure
below and photograph to right). These probes make direct contact with the electrode sheet, apply
current, and measure potential.

Constant current source
Q)

Voltage\m/ultipoint
measurement
I l

Probes
/— Boundary
—
o
| Composite
Measurement diagram layer 46 probes
(The left object is a mechanical pencil lead
[0.5 mm].)

Probes are arranged in a grid pattern at an interval of approximately 120 ym. The tips consist of

a needle-like structure with a diameter of ¢75 pm. Although the probes extend about 250 ym from
the contact surface, use of a special buckling design with spring-like characteristics ensures that
the probes will not puncture the electrode sheet (although this also depends on the hardness

of the composite layer). Thanks to the spring-like characteristics of individual probes, they

absorb the effects of unevenness in the electrode sheet, allowing them to make contact with at a
predetermined amount of force.

Since the probes are extremely small and delicate, it is necessary to exercise sufficient care when
handling them. In addition, daily probe maintenance is essential in order to facilitate accurate
measurement.

>
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IMPORTANT

Since inspection and maintenance depend on the condition of the surface of the electrode sheet,
it is the customer’s responsibility to determine when these tasks need to be carried out. Please
determine maintenance intervals that take into account the following timing factors:

» Operating hours

* Measurement counts

« Different operators

« Different electrode materials and characteristics
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Probe Maintenance

Inspection

Inspect the probes so that you can quickly discover an anomalies, for example probe contact
defects or insulation defects. Check continuity using the SHORT inspection and insulation using the
OPEN inspection.

Using the probe inspection board that came with the RM9004 Test Fixture, perform SHORT

and OPEN inspections with the RM2612 Electrode Resistance Calculation Software. For more
information about how to use the software, please see the RM2610’s User Manual.

The inspection results will be displayed in a dialog box. If both inspections generate a dialog box
indicating [Normal] results, probe contact is acceptable.

If you encounter a dialog box with the message [Contact resistance is abnormal.]:

1
2

OGA®

Repeat the inspection several times.

If the abnormal dialog box is shown again, enlarge the probe tip view and observe them to
verify that none is bent.

If any probe is bent, please request repairs from your Hioki dealer.
If no probes are bent, perform “Air (compressed air) cleaning” (p.137).

Perform the SHORT and OPEN inspections again.
If the abnormal dialog box is shown, perform “Cleaning with film” (p.137).

Perform the SHORT and OPEN inspections again.

If you encounter a dialog box with the message [Insulation resistance is
abnormal.]:

Repeat the inspection several times. If the abnormal dialog box is still shown, try performing “Air
(compressed air) cleaning” (p.137).

Maintenance

136

Observe the tips of the probes and clean them with air. If using the RM9006 Maintenance Tool, you
can enlarge the image of the probe tips and clean them with air while observing them.

Electrode material may adhere to the probe tips, even if the SHORT
and OPEN inspections yield normal results (see photograph at left).
Since such deposits may cause contact defects or insulation defects or
negatively affect probe movement, they must be removed immediately.
Please clean the probes, referring to “Air (compressed air) cleaning”
(p.137).

Enlarge the view of the probe tips and observe them to verify that any
deposits have been removed and that no probes are bent, misshapen,
or otherwise damaged.
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Probe Maintenance

RM9003 Press Unit tilt mechanism
When checking the probes, use the Press Unit’s tilt mechanism to orient the RM9004 so that the
tips of the probes are facing you to allow observation. For more information about how the tilt
mechanism works, see the RM2610 and RM9003 User’s Manuals.

Cleaning methods

You can improve contact defects and insulation defects by removing deposits of electrode material
and other materials from the probes. This section describes two methods for eliminating factors that

adversely affect probe operation.

Air (compressed air) cleaning
Use the RM9003 Press Unit’s tilt mechanism. After orienting the tips of the RM9004’s probes so
that they face you, spray the probes with air to strip away any adhered materials such as electrode
material (See photos below).

/A CAUTION

« To prevent pressure-related accidents, keep the air pressure to 207 kPa (2.1 kgf/cm?

or 30 psi) or less.
 To protect yourself from minuscule quantities of electrode material dislodged by the
air, wear protective glasses and a dust mask.

* If not using the RM9006, hold the air gun carefully so that its tip doesn’t strike the probes.
» Use a microscope or other suitable means to enlarge your view of the tips of the probes so that
you can check their condition.

Cleaning with film
Cleaning film comes with the RM9006 maintenance tool. If you encounter an error during a SHORT
inspection, use the cleaning film to clean the probes. You may be able to restore electrical contact.
The cleaning film is coated with a fine abrasive. Place the cleaning film on the measurement stage
and lower the test fixture several times. The tips will be cleaned when the probes come into contact
with the cleaning film.
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IMPORTANT
Please use cleaning film only if you encounter numerous errors during the SHORT inspection.
Use of the cleaning film may cause wear of the probes since it abrades their tips.

You can purchase the cleaning film recommended by HIOKI (approximately 100 mm x 150 mm)

from HIOKI.
Although use of cleaning film can be expected to be effective when dealing with SHORT inspection

errors, it does not help with OPEN inspection errors.

For more information about the mechanism responsible for electrical contact defects, please see
“Mechanism of probe contact defects (reference)” (p.138).
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Probe Maintenance

If you encounter numerous contact defects

If you encounter frequent contact resistance anomalies or insulation resistance anomalies despite
cleaning the probes, for example in the form of errors during inspections, replace the probes.
Please contact your Hioki dealer to request repairs. Hioki will replace the probes and return the
instrument after testing.

Mechanism of probe contact defects (reference)

When material that is not electrically conductive adheres to the tips of the probes, contact errors
result. Adherence of insulating material as well as probe tip wear and corrosion are possible
causes.

Adherence of insulating material

In the event electrode composite adheres to the probe tips, that material will act as an insulating
material to impede the flow of electricity. Since this behavior will cause contact defects, clean the
probes, for example with compressed air.

Probe tip corrosion

Probes ship with two layers of plating on top of the tool steel base material to facilitate good
electrical contact and prevent corrosion.

Since the material typically used to make electrode sheets is harder than this plating material, the
plating will gradually chip off during use of the probes.

o——— Ferrous base material
o— Ni plating

o—— Au plating
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Probe Maintenance

This scanning electron microscope (SEM) micrograph depicts
the tip of an unused probe.

This SEM micrograph depicts the tip of a probe after several
hundred measurements.

The tip has worn away to leave the base material exposed,
but this condition alone is not enough to cause contact
defects. When the ferrous base material at the tip of the probe
oxidizes, it forms an insulating material, which is likely what
causes contact defects. Consequently, it may be possible to
restore contact by removing this oxide.

Reference: “Cleaning with film” (p.137)

IMPORTANT

Electrode material lodged between probes is less likely to result in contact defects at the tips
of the probes. However, any electrode material should be removed immediately as it has the
potential to cause insulation defects between probes and impede proper probe movement.

Probe precautions

A\ CAUTION

» Avoid touching probes as they are extremely small and delicate.

« |If electrode material becomes lodged on the tips of the probes, do not attempt to
remove it with non-woven fabric or other material. Doing so will almost certainly cause
the probes to bend.

* Do not bump the electrode sheet during measurement or strike the probes with the tip
of the air gun during cleaning.

* Do not clean the probes with a liquid. Cleaning the tips of the probes with a solvent
such as alcohol or water can dissolve electrode material and cause it to seep into
gaps, where it will solidify and keep the probes from moving up and down.

L The solvent will seep into gaps.
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Probe Maintenance

IMPORTANT

* Do not measure electrode sheets that are soft enough to be pierced by the probes or electrode
sheets that are wet. Such electrode sheets are not recommended as measurement targets
as they will damage the probes. In addition, they will yield unstable measured values and
therefore impact calculated values.

* Probes are consumables. The probes used by the instrument should provide sufficient
durability for several hundred thousand measurements as long as they move vertically.
However, probe tip wear or corrosion may impact probe movement with some measurement
targets.

If the specified cleaning methods fail to restore contact, please contact Hioki for repairs.

.

Storage conditions

140

 Store in as dry an environment as possible as humidity will damage the probes.
The storage humidity and temperature range for the RM9004 Test Fixture is as follows:
0°C to 50°C, 80% RH or less (non-condensing)

» The RM9004 Test Fixture can be stored while attached to the RM9003 Press Unit. When doing
so, please raise the up/down lever.

* When shipping the RM9004 Test Fixture, for example to have it repaired, please stow it in its
case.
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User's License Agreement

Important

Please read the following agreement carefully. This user's license agreement (hereafter
referred to as Agreement) is a legal contract between the software user (individual or institu-
tion) and HIOKI E. E. CORPORATION (hereafter referred to as HIQKI{). The term "software"
inciudes any related electronic documentation and computer software and media, as well as
any printed matter (such as the Instruction Manual).

By installing, repreoducing, or using the software, you, the Licensee, agree to accept the
license terms set forth in this Agreement.

This software is protected by copyright laws, international copyright agreements, as well as
non-corporate laws. The software is a licensed product, and is not sold to the user.

License

This Agreement grants you, the Licensee, a license to install a single copy of the software on
a specified computer system.

Explanation of other rights and restrictions

- Restrictions on reverse engineering, decompiling, and disassembling:

You may not reverse engineer, decompile, or disassemble the software.

. Separation of components:

This software is licensed for use as a single product. You may not separate the components
for use on multiple computer systems.

. Loaning:

You may not loan or lease the software.

. Transfer of software:

You may transfer full rights in accordance with this Agreement. However, if you do so, you
may not retain any copy of the software, but must transfer the software in its entirety (all com-
penents, media, related documentation such as the Instruction Manual, and this Agreement),
and must ensure that the receiver of the software agrees with the terms set forth in this
Agreement.

. Canceliation:

In the event that the terms and conditions set forth in this Agreement are violated, HIOKI
retains the right to cancel this Agreement without compromise of any of its other rights. In this
event, you must destroy all copies of the software and its components.

Copyright

The tifle and copyright rights concerning the software's related documentation, such as the
Instruction Manual and copies of the software, are the property of HIOKI and other licensors,
and are protected by copyright laws and international agreement reguiations. Accordingly,
you must treat the software as you would any other copyrighted document. However, you are
permitted to make copies as indicated in (A) and (B) below provided such copies are not
intended for use other than back-up purposes.

{A) You may make a single copy of the software.

(B) You may instal! this software on a single computer.

However, you may not reproduce the documentation supplied with the software, such as the
Instruction Manual.




Dual media software

You may receive the same software on more than one type of media. However, regardless of
the type and size of media provided, you may only use one media type and only on a single
computer. You must not use or install the other media on any other computer. Furthermore,
except when transferring the software as stipulated above, you may not loan, lease, or trans-
fer the other media to any other user.

Warranty

. HIOKI reserves the right to make changes to the software specifications without any

prior warning.

. If the software does not operate in accordance with the supplied Instruction Manual,

or the software media or Instruction Manual are damaged in any way, you have one
year from the date of purchase to apply for either an exchange or repair at HIOKl's
discretion.

. In no event will HIOKI be liable for any damages resuiting from fire, earthquake, or

actions of a third party under the conditions stated in item number 2 above, or for any

damage caused as a result of your using the software incorrectly or under unusual

circumstances. Further, the warranty is invalid if the following occurs:

(A} Damage incurred through transport, moving, droppage, or any cther kind of impact after
you purchased the software.

(B} Damage incurred through any form of alteration, unwarranted servicing, or any other type
of mistreatment.

. In the event that the software is exchanged or repaired, the period of warranty

expires on the latest occurring date out of the day stated in the original warranty, and
exactly 8 months from the day the exchanged/repaired software is returned to you.

. Regardless of the grounds for making a legal ¢laim, HIOKI and its licensors will not

be liable for any damage incurred (including, but not limited to: lost profits, suspen-
sion of business, loss of data or lost savings) unstated in the warranty terms for the
use of this software. This is true even if HIOKI is notified of the possibility of such
damages. In any event, HIOKI's liability shall be limited only to replacing defective
software with software that is not defective.
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