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DIABLO ANALYTICAL, INC.
SOFTWARE LICENSE AGREEMENT AND LIMITED WARRNTY

LICENSE AGREEMENT

IMPORTANT: Please carefully read the License Agreement below before installing the software. The right to use this
software product is sold only on the condition that the customer agrees to the following license.

INSTALLING THE SOFTWARE INDICATES YOUR ACCEPTANCE OF THESE TERMS AND CONDITIONS.

In return for payment of the one-time license fee for this software product, Customer receives from Diablo Analytical, Inc.
(Diablo) a license to use the product subject to the following terms and conditions:

Use: The product may be used on one computer or workstation. A separate license agreement and fee is required for
each additional computer or workstation on which the product is used. Customer may not reverse assemble, decompile,
or modify the software.

Copies: The software product may not be duplicated or copied except for archive purposes, program error verification, or
to replace defective media, and all copies made must bear the copyright notices contained in the original.

Ownership: Purchase of this license does not transfer any right, title or interest in the software product to Customer
except as specifically set forth in this License Agreement. Customer is on notice that the software product is protected
under copyright laws.

Transfer of Rights: This license and the software product may be transferred to a third party, with prior written consent
from Diablo, provided the third party agrees to all the terms of this License Agreement and the Customer does not retain
any copies of the software product.

Sublicensing and Distribution: Customer may not sublicense the software or distribute copies of the software to the public
in physical media or by telecommunication without the prior written consent of Diablo.

Termination: Diablo reserves the right to terminate this license upon breach. In event of termination, Customer will either
return all copies of the product to Diablo, or with Diablo's prior consent, provide Diablo with a certificate of destruction of
all copies.

Updates and Upgrades: Customer agrees that the software does not include updates and upgrades which may be
available from Diablo in a separate support agreement.

Export Restrictions: Customer agrees not to export or re-export the software or any copy in violation of the U.S. Export
Administration regulations or other applicable regulation.

LIMITED WARRANTY

Limited Warranty: Diablo warrants that the original disks are free from defects for 90 days from the date of delivery of the
software.

No Other Warranties: To the maximum extent permitted by applicable law, Diablo expressly disclaims any warranty for
the software product. The software product and any related documentation is provided "as is" without warranty of any
kind, either express or implied, including, without limitation, the implied warranties or merchantability of fithess for a
particular purpose. The entire risk arising out of use or performance of the software product remains with the customer.

Limitation of Liability and Customer Remedies: Diablo's entire liability and the customer's exclusive remedy under this
license agreement shall be, at Diablo's option, either (a) return of the price paid for the software or (b) replacement of the
software that does not meet Diablo's Limited Warranty and which is returned to Diablo with a copy of the customer's
receipt. Any replacement software will be warranted for the remainder of the original warranty period, or 30 days,
whichever is longer. These remedies are not available outside the United States of America.

No Liability for Consequential Damages: To the maximum extent permitted by applicable law, in no event shall Diablo be
liable for any damages whatsoever (including, without limitation, damages for loss of business profit, business
interruption, loss of business information, or any other pecuniary loss) arising out of the use or inability to use the product,
even if Diablo has been advised of the possibility of such damages. Because some states/jurisdictions do not allow the
exclusion or limitation of liability for consequential or incidental damages, the above limitation may not apply to you.
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Introduction

MS Sensor Overview

The MS Sensor software is designed to allow simple, yet flexible, acquisition and display of continuous
process data using the Agilent Technologies 5975 or 5977 MSD and other kinds of instruments and sensors
like the MKS PDR2000 pressure controller.

Features

Enables Mass Spectrometers controlled by the Agilent Technologies MassHunter GC/MS data
system to be used for continuous process analysis.

The software architecture allows real-time data to be acquired from multiple kinds of instruments
and sensors.

User-defined formulas can be defined and applied to instrument signal data in real time. This
allows ratio, normalization, and other calculations to be performed and displayed in real time.

A linear calibration function can easily be generated for Signals.
Up to 6 trend-plot windows can be used to display graphical results in real time.
A real-time data grid displays numeric results in real time.

Results can be exported to comma-delimited (CSV) text files that can be easily imported into
spreadsheets and other data analysis or modeling applications.

An event log allows logging of user notes, system messages, and error and warning alerts.

New Features in MS Sensor 4.0

Results are saved to an SQLite database data file allowing contents to be read in real-time during
arun.

A new MS Sensor Data Viewer program can open MS Sensor data files and allow you to view
and evaluate data channel results during the run or post run.

New signal calibration functionality incorporates pressure compensation calculations and
simplifies calibrations. Signals can be calibrated during a run.

You can import applications from the new MS Sensor Application Builder software.

Includes a new Modbus TCP Slave Server to communicate results with industrial automation
computers and programmable logic controllers.

Includes a new integrated valve sequencer that controls and sequences Valco Instruments (VICI)
multi-position stream-selection valves and two-position injection valves using USB and RS-232
serial communication.

MS Sensor 4.0 Reference Manual
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¢ Includes a new Interface Heater Controller module that interfaces with the MKS Series 49 Heater
Controller to allow programmable control of the interface temperature.

e The Agilent MassHunter instrument driver now has an optional dual-scan capability that allows
alternating mass spectra to be acquired with different tune files, SIM/Scan mode, different
detector voltages, etc.

e The Agilent MassHunter instrument driver now includes an option for a Helium optimization tune
in addition to the Hydrogen optimization tune.

e Data Channel results can now be calculated and displayed as the current result, the average of

n” consecutive results, or the moving average of the last “n” results.

e Trend plot line colors and plot titles can now be customized. Data Channels can be assigned to
different plot windows during the run.

e The software license can be activated automatically if the computer has an Internet connection.

e The software has an option to check for software updates if the computer has an Internet
connection.

5000B Real-Time Gas Analyzer

The Diablo 5000B Real-Time Gas Analyzer (RTGA) combines the MS Sensor software with an Agilent
Technologies 5977 MSD and a high-performance, differentially pumped direct sampling interface. The Real-
Time Gas Analyzer is a real-time chemical measurement tool for continuous process improvements. It is
ideal for applications where very fast analysis is required, such as monitoring for transients and continuous
reactions. The Diablo RTGA can be used for fuel cell gas analysis, syngas monitoring and many other
applications.

The Diablo 5000B Real-Time Gas Analyzer (RTGA)

Contact Diablo Analytical for more information about the 5000B Real-Time Gas Analyzer.

2 MS Sensor 4.0 Reference Manual
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Diablo Analytical, Inc.

Diablo Analytical is an analytical application development company located in Antioch, CA. We specialize in
gas-phase chemical measurement solutions using gas chromatography, mass spectrometry, infrared
detection, pyrolysis, and software development.

Our company is named after Mount Diablo, a nearby 3849’ peak in the San Francisco Bay Area.
Diablo Analytical, Inc.

5141 Lone Tree Way

Antioch, CA 94531

Phone: (925) 755-1005

Fax: (925) 755-1007

E-Mail: support@diabloanalytical.com

WWW: http://www.diabloanalytical.com

Software Requirements
1) This software is supported on Windows 7 SP1, Windows 8/8.1, Windows 10, and Windows 11.

2) The Microsoft .NET 4.7.2 Framework runtime must be installed. If you are installing the MS Sensor
software from the USB Flash drive installation media, then the runtime will be installed automatically if
needed. If you downloaded the software from our web site, then the installer will automatically download and
install the runtime if needed. If the computer is not connected to the Internet, then you will need to download
the runtime file from our web site and copy it to the same folder as the installer.

Alternatively, you can download the .NET 4.7.2 Framework runtime installer from Microsoft and install the
runtime prior to installing the software.

https://dotnet.microsoft.com/en-us/download/dotnet-framework/net472

Note: if you are running a relatively recent version of Windows 10 (April 2018 Update - Version 1803 or later)
or any version of Windows 11, then your system already has the runtime installed. In addition, other
programs may have already installed the runtime.

IMPORTANT: The MS Sensor software has been designed, tested, and is intended for use on US/English
versions of Microsoft Windows operating systems.

Agilent 5973/5975/5977 MSD

MS Sensor 4.0 only supports mass spectrometers that are controlled by the Agilent MassHunter GC/MS data
system. Instruments that are controlled by the older MSD ChemStation software will need to be upgraded to
MassHunter before they can be used with MS Sensor 4.0. 5973 MSD instruments must have the network
interface and “fast electronics” in order to be upgraded to MassHunter.

In addition, MS Sensor 4.0 requires MassHunter GC/MS version B.07.05 or later.

Installation

Important: If this software will be used with an Agilent Technologies 5973, 5975, or 5977 MSD, you must
first install the MassHunter GC/MS Acquisition software and confirm that it is operational by performing a
successful autotune before installing the MS Sensor software.

MS Sensor 4.0 Reference Manual 3
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The MS Sensor 4.0 software is installed by running the setup program on the distribution flash drive/CD, or
the installation program downloaded from our web site.

Important: You must be logged on with Administrator privileges when you install the software (but you can
run the software thereafter as a standard user)

Software Licensing and Activation

When you run the software for the first time, you will have a trial license that allows you to use and evaluate
the program for up to 30 days. The program is fully functional during the trial period. In order to continue
using the software after the 30-day trial period, you must purchase a license and then activate the software.

To activate your license, click the “Activate License” button on the License Status window that is displayed
when you start the software or when you click the menu option, “Help > License Status...”.

M5 Sensor 4.0 License Status

License Status:

Exit

Tral License
29 days remaiming in tnal penod.
Activate License

License Details:

Help

When you purchase your software license, you will receive a 31-character Serial License Code (this is
different than the shorter Serial Number). To activate the software, you must enter that License Code into the
text box on the “Activate License” window. If you copy the Serial License Code to the Windows Clipboard
from an email message, you can paste into the text box using the “Paste” button. Alternatively, if you
received a text file containing the Serial License Code, you can load it using the “File Open” button.

Note: If you received a distribution USB flash drive, a text file containing your serial license code may be
saved on the flash drive.
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Activate License — O .
Enter License or Senal Code:

4DBE6E-XYIG2-R4ZUU-BNWU3-DCEYP-VUP2F-Z|

To activate anew o
Mumber) or the lon
software will be a

odified license, please enter either the 31-character Seral Code (notthe Senal
rlLicense Code and click 'Apply'. If your computer has an Internet connection, the
ated automatically. Otherwise, you will have to activate the software manually.

F = 1011 Manual Apply Cancel

After entering the Serial License Code, click the “Apply” button. If your computer is connected to the Internet,
the software will contact the License Server and automatically activate the software.

If your computer is not connected to the Internet, or if there is a problem contacting the License Server, then
you will need to activate the software manually by clicking the “Manual” button and following the instructions.

Refer to the Software License Guide for more information about licensing and activation.

Note: An Internet connection is only required when applying an activation code or deactivating the software.
No Internet connection is required during normal operation of the software.
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Getting Started

Main Application Window

The main MS Sensor application consists of a main menu, a toolbar, and several windows that perform
specific functions, including the acquisition control panel, the event log, the real-time data grid, and one or
more real-time trend plot windows.

8 Dizblo MS Sensor 4.0 — O x
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480000 15388 Method Loaded: C\Users\Public\Documents|\Diablo MS Sensor 4.0\Methods\derr
15389 Initializing Run
50,000 /v‘\.'\/\ /\jd\u\l\#\ 15380 Sample Name
470,000 W/ W \ 15391 Data File: G\Users\Public\Documents\Diablo MS Sensor 4.0\Data\testD
s G n I > 25 3 35 n hs T 15392 Allinstruments are initialized and online
15333 Run Started v
— Total Ion Signal a 5
[ Method: demo.mssmet

Main Menu

The following options are accessed through the MS Sensor main menu:
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Export Results to Text File:

Export the results from a data file to comma-delimited (CSV) text files.
See “MS Sensor Text Files” on page 64.

Exit:

Method
New Method:

MS Sensor will shut down all instruments, close all windows and exit
immediately. If the system is acquiring data, then the acquisition will have
to be stopped before you can exit from MS Sensor.

Prompts you for a method name and then displays an "empty" method in
the method editor.

Open Method:

Displays a window allowing you to open an existing method and display it
in the method editor.

Edit Method:

Opens the currently loaded method in the method editor.

Calibrate Signals:

Displays the signal calibration window. See “Signal Calibration” on page
40.

Import:

Enable Debug Logging:

Allows you to import an MS Sensor 3.0 method, or import an application
from the MS Sensor Application Builder software. See “Import MS Sensor

3.0 Methods” on page 34 and “Import Application from Application Builder”
on page 35.

Toggles the log file between debug mode and standard mode.

View Log File:

Opens the current log file in Windows Notepad.

Browse System Folders:

Opens various MS Sensor system folders in the Windows file explorer.

Save Support Files to
Archive:

Cascade:

Save software log files, and optionally method and data files to a “zip”
archive file that can be sent to Diablo Analytical support personnel to help
troubleshoot problems. See “Support Files Archive” on page 136.

Rearranges all open MS Sensor Windows so they are overlapped in
"cascading" fashion.

Tile Horizontal/Vertical:

Rearranges all open MS Sensor Windows so that they are tiled next to
each other, filling the main window of the application.

Display Trend Plot
Windows:

Help
View Help:

Allows you show/hide any of the 6 trend plot windows. This menu option
is only visible when the acquisition status is “Ready”, “Running”, “Paused”,
or “Finished”.

Displays the contents page of the MS Sensor Help file.

View Release Notes:

Displays the current MS Sensor Release Notes in an Internet browser
window.

License Status:

Displays the software license status window.

Check for Software Update:

If the computer is connected to the Internet, this function will check if an
update to the software has been released, and if so, allow you to
download and install the update.

About MS Sensor:

Displays a window that contains information about the MS Sensor
software, including the current revision humber.

[ee]
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Main Toolbar

The main MS Sensor toolbar contains the following buttons:

= = = - v (i e’
. —=] = : Cim |I
a— a7 1 ";IJ @ ol ey

Mew Method Open Method Edit Method | Impeort | Calibrate | Acquire | View Data

Button Description

New Method: Prompts you for a method name and then displays an "empty" method in the
method editor.

Open Method: Displays a browse window allowing you to open an existing method and display it
in the method editor.

Edit Method: Opens the currently loaded method in the method editor.

Import: Displays a “wizard” to help you import an application from the MS Sensor
Application Builder software. See “Import Application from Application Builder” on
page 35.

Calibrate: Displays the signal calibration window. See “Signal Calibration” on page 40.

Acquire: Displays the Acquisition Control Panel that is used to initialize and start a run

using the current method.

View Data: Opens the current data file in the MS Sensor Data Viewer program. Data files
can be opened and viewed during the run.

Method Overview

MS Sensor methods define the instrument and acquisition conditions for a process analysis experiment as
well as the real-time data processing and display methodology.

Method Components

MS Sensor methods consist of the following "components":

Component Description

Instruments Instruments are signal-generating devices. A specific software driver (instrument
plugin) must be written for each instrument whose signal will be acquired by the MS
Sensor software. In addition to the Agilent Technologies 5975/77 MSD, an
instrument driver has been written for the MKS PDR 2000 pressure controller.

Signals Signals produce numeric values that are the foundation of an MS Sensor method.
The signal settings defines what result will be retrieved from a particular instrument's
signal data.

Calculations Calculations use a custom, user-defined formula to perform calculations in real time.

The formula can include Signal values as well as constants, mathematical operators,
and a number of mathematical functions.

Data Channels Data Channels are the top-level components that are plotted and displayed in real
time. Data Channels are also defined by a custom formula that can include both
Signals and Calculations.
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Component Processing Flowchart

The following flow chart illustrates how MS Sensor methods and method components are processed during a

run.

Method

Acquisition and Component Processing
Flowchart

Instrument Recipes
Defines the Instrument parameters and

Instruments
Acquire raw signal data from Instrument

condtions that will be used to generate

the raw signal Instl Inst2

Signal Recipe
Defines how raw Instrument signals
are processed in order to generate a
Signal response Sigl Sig2 Sig3 Sig4 Sig5 Sig6

Signals
Apply Signal recipe to raw Instrument signal to generate signal response

Y A

Calculations
Apply Signal response to Calculation
formula to generate Calculation

Calculation Recipe
Defines the formula to which Signal
response value(s) will be applied to »

generate a Calculation response

Sum, Ratio, Difference, Average, response
Custom Formula Calcl Calc2 Calc3
) J A A ) J A y

Data Channel Recipe
Defines the formula to which Signal or
Calculation response value(s) will be
applied to generate a Data Channel

response Chani Chan2 Chan3 Chan4 Chan5 Chan6é
Sum, Ratio, Difference, Average
Custom Formula

Data Channels
Apply Signal or Calculation response to Data Channel formula to generate
Data Channel response

4 v \J 4 v \J

Update Real-time Trend Plot, Data Grid, and Data Channel Log File with
Data Channel Response values

Editing Methods

Methods are edited using the method-editing window, which consists of two panels. Method components are
displayed in a tree on the left panel, while the current parameters for a selected component are displayed on
the right panel.
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=1 Edit Method [demo.mssmet] — O >
File  Edit
EELHE = = | @e
R (8 Ek.; !:% EEIE' &Jl{?
Mew Open | Save SaveAs | Method Settings | Add Instrument Add Signal  Add Calculation  Add Channel =
S Method Method CAUsers\Public\Documents|Diablo
) insh ; Method Description | MS and Pressure Simulation Demo |
L Instruments . .
: - Data Folder Ci\Users\Public\Documents\Diablo
< >

The MS Sensor Method Editor
See “Method Editor” on page 21 for more information.

Acquiring Data

Getting Started

The acquisition of process data is controlled using the Acquisition Control Panel. To display the control panel,

click the “Acquire” button on the main toolbar.

The Acquisition Control Panel includes a toolbar to control the run, Run Status, and Run Time panels, and an

instrument table displaying the status of the individual instruments in the method.

| Acquisition Control Panel EI 3

Data File | Initialize Start Run Pause Stop Run | Exit | Help

Run Status: Run Time:

0.42

Instruments:

Instrument Status
MS Simulator
Pressure Simulator

Method: demo.mssmet | Data File: test.D

The MS Sensor Acquisition Control Panel

See “Acquisition Control Panel” on page 51 for more information.

Event Log

The MS Sensor Event Log window is where system events, errors, and system and user messages are
displayed. The event log is a SQLite database and is automatically loaded when the software is started.
Events will remain in the log until the log is cleared. All events that occur during a run are automatically saved

to the data file.

MS Sensor 4.0 Reference Manual
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'_| M5 Sensor Event Log EI|E|

All Events: 15435 ‘ ¢-| 7/ Warnings: 13 ‘ % |: "E_,‘/t'_“ )
Event|D |Descrip1jon ~

15427 Data File: CA\Users\Public\Documents\Diablo MS Sensor 4.0\DataltestD

15428 Allinstruments are initialized and online.

15429 System Shutdown

15430 Method Loaded: C\Users\Public\Documents\Diablo MS Sensor 4 l\Methods\demo.mssmu
15431 Initializing Run

15432 Sample Name:

15433 Data File: CA\Users\Public\Documents\Diablo MS Sensor 4. 0\Datatest D

15434 Allinstruments are initialized and online.

15435 Run Started o

2 .
Today

MS Sensor Event Log

Filter Events

You can filter the events that are displayed in the event log using the filter list box in the toolbar.

Filter Description

Today Display only events that were added to the log on the current day.

All Events Display all events currently in the event log. Note that if a large number of events
are present in the log, there may delay in updating event log table.

Warnings Display only events with “Warning” status.

Errors Display only events with “Error” status.

Acknowledge Errors and Warnings

When an error or warning event is received by the event log, that line in the event table will be highlighted
with either a red background (error) or yellow background (warning). In addition, the current number of errors
and warnings are displayed in the event log toolbar. To acknowledge an individual error or warning, double
click the entry in the event table, and an event summary window will be displayed. If the event is an active
error or warning, then the "Acknowledge" button is enabled.

All errors or warnings in the event table can be acknowledged by pressing either the "Acknowledge all errors”
or "Acknowledge all warnings" toolbar buttons.

Display Event

If you double click on an event in the Event Table, the "Display Event" window will be displayed:
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Display Event

Event Status:

Event ID: |EEL | oK

Run Time: |D.EH} | oK

User: |SYSTEM | Copy
Acknowledge

Date/Time: |2018:—1D—16 08:41:04 |

Event Type: |System Message |

EventSource:  |MSSENSOR |

Event Description:

MS Sensor4.0 Startup - Version 4.0.0.2

MS Sensor Display Event Window

If the event is an error or warning, the "Acknowledge" button can be pressed. This will cause the Event
Status to change from "Warning" or "Error” to "Ack", and the Warning or Error count on the main Event Log
window will be decremented by 1.

Pressing the “Copy” button will cause the current event detail to be copied to the Windows Clipboard.

Add User Event

A custom message can be inserted into the event log by pressing the "Add Event" toolbar button. A window
will be displayed allowing the user to enter the text of the message that they want to add to the event log.
This can be a useful way to record process observations during a run.

MS Sensor 4.0 Reference Manual
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Add User Event

Event Details: Add Event

User:
Cancel

|User|

Event Description:

RunTime:  |2346 |
Date/Time:  [2018-10-16 15:3157 |

Update

Click the “Update” button to update the event Run Time and Date/Time.

Clear Event Log

The event log can be cleared by clicking the "Clear Events" button on the Event Log toolbar. You have the
option to clear all events, clear events older than 1 month, clear events older than one year, or clear events
older than a specified date. You can also backup the event log database before clearing events.

Clear Event Log

Clear Event Log:

OK

®) Clear All Events

(O Clear events older than 1 month
Cancel
() Clear events olderthan 1 year

(O Clear events older than specified date:

10/16/2018

Backup eventlog before clearing

Running the Demonstration Method

A demonstration method, “demo.mssmet”, is installed with the MS Sensor software. This demo method uses
"simulator" instruments that produce random signal data for the purposes of testing and software
familiarization. The following steps describe how to load and run the demonstration method.

1. Click the “Open Method” button on the main toolbar and select the demo method, “demo.mssmet”:
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Select M5 Sensor 4.0 Methad pt
Uk <« Diablo M5 Sens... » Methods v 0 Search Methods el
Organize * Mew folder =~ [ @
|| Documents - Mame Date modified Type ™
¥ Downloads | demo.mssmet 10/15/201810:57  MSSM
b Music | hydrogen-mh.mssmet 10/10/2018 3:33 AM  MSSM
&= Pictures M:I hydrogen.mssmet 10/10/2018 9:32 AM MSSM
B videos | default.mssmet 10/10/2018 %30 AM - MSSM
i 0S(C) :j., default-mh.mssmet 10/10/2018 230 AM - M5SM
MATA M i *
File names; ‘demo.mssmet V| M5 Sensor Method (*.mssmet)

2. Click the "Acquire" button on the main toolbar. The Acquisition Control Panel will be displayed:

-

| Acquisition Control Panel EI E3

H e e o ® 0@

Data File | Initialize Start Run Pause Run Stop Run | Exit | Help

Run Status: Run Time:

Offline 0.00

Instruments:
Instrument Status
MS Simulator Offline

Pressure Simulator | Offline

Method: demo.mssmet | Data File:

The demo method includes two instruments: the "MS Simulator" and the "Pressure Simulator”. The
initial status of both instruments is "Offline".

3. Next, press the "Initialize" button. You will be prompted to specify a data file for this run. MS Sensor
data files are actually folders with a ".D" file extension. The ".D" extension will be added automatically
for you. You can also enter an optional sample name, user name, and sample description:
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Sample Information

Data File:
oK

Demo

. Cancel
Sample Information:

User:

|User |

Sample Name:

|Dem0 Data |

Sample Description:

Simulated Signals|

4. Once you click the “OK” button on the Sample Information window, the instruments will be initialized,
brought online, and will reach “Ready” status indicating that they are ready to start a run:

| Acquisition Control Panel EI 3

- "\.!/:I - -'\!/] @ I@

Data File | Initialize Start Run Pause Run Stop Run | Bat | Help

Run Status: Run Time:

Ready 0.00

Instruments:

Instrument Status
MS Simulator Ready
Pressure Simulator | Ready

Method: demo.mssmet | Data File: Demo.D

In addition to bringing the instruments to Ready status, "Initialize" also loads the trend plot
and data grid windows. If you have run the method before, the windows will be restored to
their last positions. However, if this is the first time you have run the method, you may need
to position the windows manually to your liking. You can use one of the "Tile" options of the
"Window" menu as a starting place.

5. Start the run by pressing the "Start" button. The instrument status will switch to "Running", and you
should see data start to appear in the real-time grid window and the trend plot windows:

16
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Data File | Initialize Start Run Pause Stop Run | Exit | Help

Run Status: Run Time:

0.38

Instruments:

| Acquisition Control Panel EI 3

Instrument Status
MS Simulator
Pressure Simulator

Method: demo.mssmet | Data Files Demo.D

Getting Started

6. The demo method is configured to run continuously until you press the "Stop" button. Press

the “Stop” button and wait for the system to reach “Finished” status:

Data File | Initialize Start Run Pause Stop Run | Bat | Help

Run Status: Run Time:

Finished 0.00

| Acquisition Control Panel EI 3

Instruments:
Instrument Status
MS Simulator Finished

Pressure Simulator | Finished

Method: demo.mssmet | Data File: Demo.D

7. You can view the Data Channel results in the MS Sensor Data Viewer by clicking the “View Data”

button in the main toolbar.

MS Sensor 4.0 Reference Manual
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Default and Demo Methods

The following default methods are installed with the MS Sensor application:

Method Description

DEFAULT.M The default method set up for the Agilent Technologies 5975 or 5977 MSD
using MassHunter GC/MS control and an MKS PDR2000 pressure
controller. This method includes a set of common Signals and Data
Channels that can be edited for a specific application.

HYDROGEN.M Same configuration as the default method for MSD ChemStation control,
but the 5975/77 instrument is set up to use the special hydrogen tune file,
"HTUNE.U". This tune file is created by running a "Full Hydrogen Tune"
from the tune window.

DEMO.M A demonstration method that uses "simulator" instruments to generate
random signal data for purposes of testing, familiarization, and
demonstration.

Method Files

MS Sensor method files are “XML” formatted text files with the file extension “.mssmet”. All settings (recipes)
for the method components are contained within the method file.

Method files are located in the MS Sensor “Method” folder:
C:\Users\Public\Documents\Diablo MS Sensor 4.0\Methods

You can view this folder by clicking, “Tools > Browse System Folders > MS Sensor Method Folder”.

Opening Methods

To open and edit a method, select the "Open Method" option of the "Method" menu (or the “Open Method”
button on the Main Toolbar). A window will be displayed, allowing you to select a method file from within the
method folder. The selected method will be loaded and displayed in the method editor window.
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Creating New Methods

New methods can be created by selecting "New Method" from the "Method" menu or by pressing the “New
Method” button on the Main Toolbar. You will first be presented with a window to specify the name of the new
method. You can either manually enter a new method name, or if you want to overwrite an existing method,
you can select that method's name from the method list.

After selecting the file name for the new method, the method editor browser window will be displayed with an
empty method tree. When creating a new method it is best to start from the top of the method tree by first
adding the Instruments to the method, and then work your way down adding Signals, then Calculations
(optional), and finally Data Channels. It is also important to make sure that the Acquisition Settings are set
correctly:

Instruments

\ 4

Signals

\ 4

Calculations (Optional)

\ 4

Data Channels

\ 4

Acquisition Settings

When you are finished creating your new method, make sure to save it before exiting the method editor.
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Method Editor

=7 Edit Method [demo.mssmet] — O *

File  Edit

=l B = | (=) 2

= b= |l AT 2 == _E{IP (B3]

Mew Open | Save Savefs = Method Settings | Add Instrument  Add Signal Add Calculation  Add Channel =

g = Mathod Method C\Users\Public\Documents\Diablo
’ Method Description | MS and Pressure Simulation Dema |
E-lee) Instruments . .

Data Folder CAUsers\Public\Documents\Diablo

@--[Jgll Signals
%E Calculations

EJ-----N Channels

] - .
- 25 Acquisition Setings

% Modbus Settings

The Method Editor Window

The method editor has two main panels. The current method is displayed in a "tree" view in the left panel. All
method components (Instruments, Signals, Calculations, and Data Channels) that have been defined for the
method are listed on separate lines under their respective section of the tree. For example, all instruments
that have been added to the method are listed under the "Instruments"” section of the tree. Each section of
the tree can be expanded or collapsed by clicking on the +/- symbol to its left. You can view the settings for a
particular component by selecting it in the tree. The current settings will be displayed in a table in the right
panel of the editor.

Component Key Names

Each component in a method is assigned a unique "key name" when it is first added to a method. The key
name begins with the component prefix identified in the table below. Each key then has a unique integer
appended to it (e.g. Instl, Inst2, Sigl, Sig2) so that the component can be uniquely identified. These key
names are important because they are used to identify the component in Calculation and Data Channel

formulas.
Component Key Name Prefix

Instrument Inst
Signal Sig
Calculation Calc
Data Channel Chan

Editing Components

In general, the various method components can be edited by right-clicking on the desired item in the tree view
on the left-hand side of the editing window, and then selecting the desired action (new, edit, delete) from the
resulting pop-up menu.
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Method Editor Toolbar

The following functions are available in the Method Editor Toolbar:

EELE| = g MK

Mew Open | Save Save As | Method Settings | Add Instrument Add Signal Add Calculation  Add Channel | Acq. Settings

Button Description

New Create a new method.

Open Open a method file.

Save Save the current method.

Save As Save the current method to a new method file.

Method Settings Edit the method settings (method description and data folder).
Add Instrument Add a new instrument to the method.

Add Signal Add a new signal to the method.

Add Calculation Add a new calculated component to the method.

Add Channel Add a new data channel to the method.

Acq Settings Edit the acquisition (run) settings.

Adding New Components to a Method

To add a new component (Instrument, Signal Calculation or Channel) to a method you can either use the
appropriate menu option under the "Edit" menu of the method editor, or you can right-click on the appropriate
section of the tree and select the "Add" option from the resulting pop-up menu. For instance, to add a new
instrument to the method, you can either select "Add Instrument” from the "Edit" menu, or you can right click
on the "Instruments" section of the tree and select "New Instrument” from the pop-up menu.

Editing Components

To edit the settings for an existing component, you should first expand that component's section of the tree,
and then double-click the component's line in the tree. For example to edit the settings for Instrument 1, you
would expand the Instruments section of the method tree and then double click the line that starts with "Inst1:"

You can also edit a component by selecting it in the tree view, and then double-clicking anywhere in the table
displaying the component's parameters on the right panel of the method editor.

Deleting Components from a Method

A component can be deleted from the method by right clicking the component in the method tree and then
selecting the "Delete" option form the pop-up menu.

IMPORTANT: Be very careful deleting components from a method. When you delete a particular
component, any other component that uses it in a formula will also be deleted automatically to prevent invalid
formulas in the method.

22 MS Sensor 4.0 Reference Manual



Methods

Editing Acquisition Settings

The acquisition (run) settings can be edited by double-clicking on the "Acquisition Settings" line of the method
tree. You can also right-click on the "Acquisition Settings" line of the method tree and then select "Edit
Acquisition Settings" from the resulting pop-up menu.

Method Components

The following sections describe the method Instrument, Signal, Calculation, and Data Channel editing
windows in detail.

Instruments
When a new instrument is added to a method, the following window is displayed.
Add Instrument >
Select Instrument:
Add
Agilent MassHunter MSD e
Cancel

Instrument Description:

|Agi|ent MassHunter MSD

Add New Instrument Window

Instrument Description

Enter a description for this instrument. The instrument description is displayed in the method tree to help you
identify the instrument.

Select Instrument

Instruments supported by the MS Sensor software are listed in the "Select Instrument” list box. A specific
instrument driver has been written for each instrument that is listed. Once you have selected the desired
instrument type and press the "Add" button, an instrument-specific “Edit Recipe” window will be displayed that
allows you to configure that instrument. For more information on the supported instruments and their
configuration, see “Instruments” on page 67.

Instrument Settings

Each instrument has its own custom window that is used to define the instrument's settings for acquisition.
Please refer to the specific Instrument in the "Instrument" section for information on configuring a particular
instrument.

Signals

Signals are numeric values that are the foundation of an MS Sensor method. The signal recipe defines what
result will be retrieved from a particular instrument's raw signal data.
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4/ Edit Signal [Sig1] %
Signal Description: |m Saye
Instrument: MS Simulator ~
, Cancel
Signal Type: Mass Abundance W

Signal Parameters: Help

M/Z 2 |

Create new Raw Data
]

Mot Needed for this Signal Type Frrel oo

Other Settings: m Create new Calibrated
Data Channel from Signal

Edit Signal Window

Signal Description

Enter a description of the Signal. This description will appear in the method tree to help identify the Signal.

Instrument

The Instrument list box will contain the description of each instrument that has been added to the method.
Select the instrument from which you want to retrieve a Signal. Once you have selected an instrument, the
"Signal Type" and "Signal Index" sections of the window will be updated to reflect the types of signals that are
available for the selected instrument.

Signal Type

Each instrument can support multiple types of signals. All signals provided by the selected instrument are
listed in the "Signal Type" list box. Depending on the type of signal, an additional Signal Index may also be
required to define the signal fully. The signal types that are provided by each instrument are described in the
Instruments section.

Signal Index Values

The signal types available for an instrument can be one dimensional, like a simple pressure signal, or multi-
dimensional, like a mass spectrum. Multi-dimensional signal types require additional signal index values in
order to be able to retrieve the proper value. If a signal index value is required for the selected signal type,
then one or both of the signal index text boxes will be enabled and a descriptive label for the index will be
displayed.

For example, the MS Simulator instrument provides the "Mass Spectrum Abundance" signal type. This signal
type requires one index value that is labeled "M/Z". This signal index happens to be the mass-to-charge ratio
whose abundance will be extracted from the current mass spectrum when the signal is processed during a
run.

Apply Pressure Compensation to Calibrated Response

If pressure compensation is enabled in the method, and this checkbox is checked, then the calibrated
response for this signal will also be corrected for the difference in pressure between the calibration and the
results acquired during run.
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Create New Raw/Calibrated Data Channel

This check box provides a shortcut if you want to create a new Data Channel from this Signal. If you check
the "Create New Raw Data Channel" option, the system will automatically create a new Data Channel based
on the “raw” (uncalibrated) signal when you press the "Save" button. Similarly, if you check the "Create New
Calibrated Data Channel" option, the system will automatically create a new Data Channel based on the
calibrated signal.

This new Data Channel will have the same description as the Signal, and its formula will include only this
Signal's raw or calibrated response. See “Data Channels” on page 27 for more information.

Please note that a new Data Channel will be created each time the "Save" button is pressed with this option
checked.

Calculations

Calculations use a custom, user-defined formula to perform calculations in real time. The formula can include
Signal values (both raw and calibrated) as well as constants, mathematical operators, and a number of
mathematical functions.

wa Edit Calculation [Calcl] *
Description:
P Save
Air (Sum of N2+02)
Cancel
Formula:

{Sig5.Cal}+{Sig7.Cal}

Edit Formula

n Create new Data
Channel from Calculation

Edit Calculation Window

Description

A string that describes this Calculation: this description will appear in the method tree to help identify the
Calculation.

Formula

This field displays the formula that is currently defined for the component. In order to edit the formula, you
must open the Formula Editor by pressing the "Edit Formula" button.

Create New Data Channel

This check box provides a shortcut if you want to create a new Data Channel from this Calculation. If you
check the "Create New Data Channel" option, the system will automatically create a new Data Channel based
on this Calculation when you press the "Save" button. This new Data Channel will have the same description
as the Calculation, and its formula will include only this Calculation's response. See the “Data Channels” on
page 27 for more information.
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Please note that a new Data Channel will be created each time the "Save" button is pressed with this option
checked.

Formula Editor

Formulas are used by Calculations and Data Channels to define their value. A formula editor is provided to
help create the desired formulas. A formula consists of Component key names, constants, and mathematical
operators. The formula editor can be displayed from either the Edit Calculation or Edit Data Channel window
by pressing the "Edit Formula" button.

Formula Builder

Signals. Calculations. and Channels: Operators:
- == Method il 15 g + =
=g Signals ;, Cancel
|lgll Sigl: Hydrogen - * /
§. Sig2 Helium {
. Lart) L
sq
ui. Sig3: Methane Iog(())
Sig4: Water exp|
i abs() )
|| Sig5 Nirogen sin()
. cos()
[lgl Sigé: C2(29) tan()
1 tal
ui. Sig7: Oxygen ;u;‘()
- [§l| Sig8: Argon v

Current Formula:
{Sig5.Cal}+{Sig7.Cal}

Check Undo

Formula Editor Window

Components

This list includes all of the components (Signals, Calculations, and Channels) that are available in the current
method. If you are editing a Calculation formula then only the Signal Components will be present in the list. If
you are editing a Data Channel formula, then both Signals and Calculations will be present in the list.

Components are represented in a formula by their key name enclosed in curly braces. To add a component
to the formula simply double click on the component in the list. The component key name will be added to the
formula at the last location of the cursor in the formula.

Alternatively, you can also drag and drop a component from the tree to the desired location in the formula.
The corresponding component “key” will be inserted at the location it is dropped.
Signal Types

When you add a Signal to the formula, you will be presented with the following window to select the signal
type that should be placed in the formula.
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Select Signal Type >

Signal Type: 0K
® Calibrated Signal Response

(O Raw Signal Response Cancel

() Signal Calibration Slope

(O Signal Calibration Intercept

Select Signal Type Window

Calibrated Signal Response: The signal response after the calibration function has been applied. The "Cal"
signal type will be appended to the key name in the formula (e.g. "Sigl.Cal").

Raw Signal Response: The raw signal response before the calibration function has been applied. The
"Raw" signal type will be appended to the key name in the formula (e.g. "Sigl.Raw").

Calibration Slope: The slope from the calibration function for this Signal. The "Slope" signal type will be
appended to the key name in the formula (e.g. "Sig1.Slope").

Calibration Intercept: The intercept from the calibration function for this Signal. The "Intercept” signal type
will be appended to the key name in the formula (e.g. "Sigl.Intercept").
Operators

The mathematical operators that are supported in formulas are listed here. In addition, commonly used
operators are assigned to the buttons. To place an operator in the formula, you can either double click on it in
the Operators list, or you can click the appropriate button. The operator will be placed at the last cursor
location in the formula.

Constant

Numeric constants are entered into the formula manually.

Current Formula

The current formula is displayed in this text box.

Check Button

Use this button to check whether the current formula is valid. The formula editor will not let you save an
invalid formula.

Undo Button

This button will undo the changes made to the formula.

Data Channels

Data Channels are the top-level components that are trend plotted, displayed in real time, etc. Data Channels
are defined by a custom formula that can include both Signals and Calculations.
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7 Edit Data Channel [Chan1] .

General Settings | Display Settings Save

Description:

|Hydrogen Cancel

Formula:

{Sigl.Cal}

Edit Formula

Calculation Mode:

® Currentvalue
() Average of each set of 'n' consecutive results
O Maving average ofthe last'n' consecutive results

mber of results to average ('n 1

Data Channel Editor Window

Description

The description is text that describes the Data Channel. This description will appear in the method tree to
help identify the Data Channel. In addition, the description will also appear in the legend of the trend plot, and
as the column header in both the real-time trend data grid and in the data files.

Formula

This field displays the formula that is currently defined for the Data Channel. In order to edit the formula, you
must open the Formula Editor by clicking the "Edit Formula" button.

Calculation Mode

The following calculation “modes” can be selected to determine how the data channel response is calculated.

Calculation Mode Description

Current Value The current value of the formula.

Average of Consecutive Results The average of each set of “n” consecutive values.
The channel response will only be updated after
each set of “n” values has been acquired,
calculated, and averaged.
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Moving Average of Consecutive Results The moving average of the last “n” consecutive
values.

Display Settings
The following display options can be set for each Data Channel.

# Edit Data Channel [Chan1] >
General Settings  Display Settings ‘ Save
Display Options:

[«] Display in Data Grid - Display Format: |{]' | Cancel

Trend Plot Line Color:

Display in Trend Plots:
Window

Title | |
Real-Time Trend Plot
Real-Time Trend Plot
Real-Time Trend Plot
Real-Time Trend Plot
Real-Time Trend Plot
Real-Time Trend Plot

ODOoOoOoo®
=2 TS B S U

Data Channel Display Settings Window

Display in Data Grid: If this checkbox is selected, then this Data Channel will be included in the real-time
data grid during acquisition. This setting has no effect on whether this Data Channel is saved to the data file.

Display Format: A format string can be entered to define how the Data Channel's value is displayed in the
real-time data grid. This setting only affects the display in the real-time data grid. It does not affect the format
of the value that is saved to the data file. See “Example Format Strings” on page 29.

Trend Plot Line Color: You can select the color of the line that will be plotted for this channel.

Display in Trend Plots: Data Channels can be assigned to one or more of 6 trend-plot windows. This can
be advantageous if you want to place unrelated Data Channels in different windows or you want to group
channels with similar response ranges together. If this checkbox is selected, then this Data Channel will be
displayed in the selected trend-plot window.

Note: You can also rename the title of each of the six trend plot windows

Example Format Strings
The following table presents some commonly-used format strings.
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Format String Result

0 Will display all digits to the left of the decimal point and no digits to the right:
The value 10000.2324 will be displayed as 10000
The value 0.2324 will be displayed as 0

0.00 Will display all digits to the left of the decimal point and two digits to the right of the
decimal place:

The value 232.4012 will be displayed as 232.40
The value 232 will be displayed as 232.00

0.0### Will display all digits to the left of the decimal place, and from 1 to 4 digits to the
right of the decimal place:

The value 232.4012 will be displayed as 232.4012
The value 232.4 will be displayed as 232.4
The value 232 will be displayed as 232.0

Acquisition Settings

The Acquisition Settings control the display and saving of data during acquisition.

¢ Edit Acquisition Settings X
Data Files  DataTable = Trend Plot Save
Run Time Settings:
Acquisttion Interval (sec ). ‘2 v‘ Cancel
Run Length (min.): |{] | Help

The Edit Acquisition Settings window
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Run Timing
Edit Acquisition Settings x
Data Files Data Table Trend Plot Save
Run Time Settings:
Acquisition Interval (sec.): ‘2 v‘ Cancel
Run Length (min.): |D | Help

Run Timing tab of the Acquisition Settings window

Acquisition Interval

The acquisition interval controls the frequency that the system will process the Signals, Calculations and Data
Channels and update the real-time trend plots and data grid and data files. In order to preserve system
resources during long runs, it is best to set this value to the longest interval that still allows process features to
be resolved adequately.

IMPORTANT: Some instruments, like the Agilent Technologies 5975/77 MSD, run asynchronously in the
background. Depending on the instrument parameters, those instruments may acquire signals at a rate that
is either faster or slower than the Acquisition Interval. When processing Signals, the last signal value
acquired by the instrument is always used. This means that if the instrument is acquiring data at a slower rate
than the Acquisition Interval, duplicate results may be processed and displayed. Conversely, if the instrument
is acquiring data at a faster rate than the Acquisition Interval, then some data may be skipped.

IMPORTANT: If you need to use the shortest 1-second acquisition interval for your experiment, you may
encounter a situation where the time it takes to process each set of data exceeds the 1-second acquisition
interval. When this happens, a request is made to process a new set of data while the current set is still being
processed. To prevent errors when this happens, the new set of data is ignored and not recorded or saved.
This effectively doubles the acquisition interval for that data set. If this situation occurs, you will see a warning
recorded in the log file (click, “Tools > View Current Log File”).

To prevent this from happening, you should consider the following:
e Avoid doing any un-necessary activities on the computer or in MS Sensor during a run.
e Disable the real-time data grid if you don’t need to see the individual data channel values in real time.
¢ Reduce the size of the scroll windows used for the Real-time Trend Plot and data grid.
¢ Eliminate any un-used or un-needed Signals, Calculations or Data Channels.

e Use alonger acquisition interval if 1-second data is not actually necessary.
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Run Length

The length of the run in minutes. The system will automatically end the run at this run time. If a run length of
0 is specified, the acquisition will run continuously until it is stopped by the user.

IMPORTANT: Although the MS Sensor software is capable of running continuously for extended periods of
time, it isn’'t designed for use as a 24x7 process analyzer. If you need to perform extremely long runs of
greater than 24-48 hours, you should consider the following to reduce the system memory and resource
usage:

e Use the longest acquisition interval possible that still allows you to properly characterize your
process/experiment.

o Use the smallest number of Signals, Calculations, and Data Channels necessary to achieve your
experimental objectives.

e Use the smallest number of trend plot windows necessary to provide the required real-time feedback.

e Only include the critical Data Channels in the real-time trend plots and data grid.

Data Files
Edit Acquisition Settings et
RunTiming | DataFiles | DataTable  Trend Plot
Save Results to MS Sensor 4.0 Data File:
Save Signal results SEIEE
[] Save Calculation resulis Help

Save Data Channel results
[] Export selected resulis to MS Sensor 3.0 CSV files

Data Files tab of the Acquisition Settings window

This tab allows you to select which results will be saved to the data file during a run. Signal results must be
saved for calibration runs. Data Channel results should be saved unless you don’t need to review or retrieve
the results after the run (for example, you are using the Modbus Slave Server to transfer results to a process
control computer).

Export selected results to MS Sensor 3.0 CSV Files

If this option is checked, then MS Sensor 3.0 CSV text files will be created for the selected results in the data
file folder automatically at the end of the run.

Note: you can also create these text files at a later time by clicking “File > Export Results to Text File”. See
“MS Sensor Text Files” on page 64
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Data Table
Edit Acquisition Settings x
RunTiming DataFiles | Datalable || Trend Plot
Realtime Data Table:
Cancel

Display real-ime data table window

Scroll window (min.): Help

Data Table tab of the Acquisition Settings window

Display real-time data channel grid window

If this box is checked, a data grid will be displayed during acquisition. The data grid contains the actual Data

Channel response values.

Scroll Window

In order to preserve system resources during long runs, the data grid is designed to "scroll": as new results
are acquired, the oldest results are removed from the table. This setting allows you to set how long results
will be kept before they are removed from the table.
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Trend Plot
Edit Acquisition Settings et
RunTiming Data Files Data Table | Trend Plot
Save
Real-time Trend Plots:
¥ Display realime trend plot windows Cancel
Scroll window (min.):
Help

Run-Time (%) Axis Label:

Run Time {min)|

Trend Plot Windows

Window Title Response (Y) Axis Label
1 Real-Time Trend Plot MS Abundance

Real-Time Trend Plot  MS Abundance

Real-Time Trend Plot  Pressure (Torr)

Real-Time Trend Plot Response
Real-Time Trend Plot Response

L= T & 2 BN R % R L8

Real-Time Trend Plot Response

Trend Plot tab of the Acquisition Settings window

Display real-time trend plot windows

If this box is checked, from 1-6 real-time trend plots will be displayed during acquisition. Data Channels are
assigned to a particular trend plot window in the Data Channel settings window.

Scroll Window

In order to preserve system resources during long runs, the trend plots are designed to "scroll": as new
results are acquired, the oldest results are removed from the plot. This parameter allows you to set how long
results will be kept before they are removed from the plot.

Run-Time (X) Axis Label

The label that will be displayed below the run time (X) axis on all trend plot windows. Leave this blank if you
don’t require the label and want to free up more space for the plot window.

Trend Plot Titles

You can modify the title and the response () axis label of each of the six trend plot windows.

Import MS Sensor 3.0 Methods

To import an MS Sensor 3.0 method and convert it to an MS Sensor 4.0 Method, click the main menu option,
“Method > Import > MS Sensor 3.0 Method”. Browse and select the desired MS Sensor 3.0 method to import.

Note: MS Sensor 3.0 methods are actually folders with a “.M” extension. By default MS Sensor 3.0 Methods
are located in the folder:
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C:\MSSensor\Methods

During import, the MS Sensor 3.0 methods will be converted to the MS Sensor 4.0 single file XML format and
will be saved to the default MS Sensor 4.0 method folder:

C:\Users\Public\Documents\Diablo MS Sensor 4.0\Methods
MS Sensor 4.0 methods have a file extension of “.mssmet”.
Important Considerations:

1. After importing the MS Sensor 3.0 method you should carefully review the new MS Sensor 4.0
method in the method editor to make sure the conversion worked as expected.

2. Depending on the nature of your MS Sensor 3.0 method, it may actually be better to create a new MS
Sensor 4.0 method from scratch in order to take advantage of some of the new capabilities of MS
Sensor 4.0. For example, in MS Sensor 3.0, pressure compensation was often handled using a set
of Calculations, while in MS Sensor 4.0 it is built into the calibration functionality.

3. In MS Sensor 3.0 the Pressure Simulator functionality was incorporated into the PDR 2000
instrument driver. In MS Sensor 4.0 there is a separate Pressure Simulator instrument. When
importing the method, if there is a PDR 2000 instrument with “Simulation Mode” enabled, the
Pressure Simulator instrument will be added to the new method. If Simulation Mode is not enabled,
then the PDR 2000 instrument will be added to the method.

4. Currently MS Sensor 4.0 only supports mass spectrometers that are controlled by the Agilent
MassHunter GC/MS data system. Instruments that are controlled by the older MSD ChemStation
software will need to be upgraded to MassHunter before they can be used with MS Sensor 4.0.

Import Application from Application Builder

The MS Sensor Application Builder software is tool to help users develop direct sampling mass spectrometry
applications where spectral interference must be considered (like applications for the Diablo 5000A Real-Time
Gas Analyzer). The Application Builder software uses the NIST Mass Spectral Library of 267,376 chemical
compounds and the user's estimate of compound concentration to generate a combined sample spectrum
and a table of sample m/z values with estimates of potential interference. See the Application Builder
reference manual for more information about the software and its capabilities.

Application files generated by the Application Builder software contain a list of compounds and the “best” m/z
value to use for the specified application. MS Sensor 4.0 can import that list of compounds and convert it into
a corresponding MS Sensor 4.0 method.

You can export an application directly from the Application Builder software to the MS Sensor software by
clicking the menu option, “File > Export Application to MS Sensor” (requires Application Builder version
4.0.2.3 or later). MS Sensor 4.0 will be started if it isn’t already running, and the Application Data Import
Wizard will be started using data from the current application.

Alternatively, you can select an application file from within MS Sensor 4.0 by clicking the “Import” button in the
main toolbar, or by clicking the main menu option, “Method > Import > Application Data” and selecting the
desired application file.

Application Builder application files have a file extension of “.mssapp” and by default are located in the folder:

C:\Users\Public\Documents\Diablo MS Sensor 4.0\Application Builder

Application Data Import Wizard

The Application Data Import Wizard helps you to create an MS Sensor 4.0 method from an Application
Builder data file.
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Application Data Import Wizard

Application File:

|C:‘LUSers‘LF’uincHDocuments‘LDiabla MS Sensor 4.0VApplication Builden\Airmssapp |

Method File to Create:

|C:‘LUSers‘LF’uincHDocuments‘LDiabla MS Sensor 4.0\Methods\Airmssmet

Compounds in Application:

Mitrogen: mfz=28
Oxygen: mfz=32
Carbon dicxide: mfz=44
Argon: mjz=40

Water mjz=18

Help MNext Cancel

When the Application Data Import Wizard starts, it will display the Application File, the Method File that will be
created, and a summary of the compounds and corresponding m/z values that can be included in the method.

Click the one of the “browse” button to change either the application data file or the method file name that will
be created, and then click “Next” to proceed.

Note: By default the Method File will be named based on the application file name. If a method by that name

already exists in the method folder, then a numeric counter (.17, “.2”, etc.) is appended to the method file
name so that the existing method isn’t overwritten.
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Application Data Import Wizard

Select Signals:
Select | Compound | MfZ | Pressure Comp. | Create Raw Channel |Create Cal. Channel |
4 Mitrogen 28 ] G| b1
I Oxygen 32 ] 9G] ¥
[/l Carbondioxide — 44 [ [ [
& Argon 40 ] 9G] ¥
M Water 18 %] %] i

< >

Additional Signals:
[~] Total lon Signal (Recommended)

] Sample Pressure (Required for Pressure Compensation)

Help Previous MNext Cancel

Select (check) the compounds you want to include in the method and whether you want to compensate that
compound for pressure, create a raw data channel, or create a calibrated data channel.

Additional Signals:
These special signals can also be added to the method.

Total lon Signal: This signal represents the total ion signal that the electron multiplier detector is generating
across the entire mass range (not just for the m/z values included in the method). For best detector stability
and lifetime, it is best to keep the total ion signal < 1,000,000 counts, with the best stability < 500,000 counts.
By including this signal in the method you can monitor this important parameter in real time.

Sample Pressure: The signal produced by a mass spectrometer at a particular m/z value is a result of both
the chemical composition and the sample pressure. By including the sample pressure in the method, the
effects of sample pressure on the signal can be compensated to some extent.
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Application Data Import Wizard

Channel Options:

Channel ' Plot Window

Nitrogen (Raw)
Nitrogen (Cal)
Oxygen (Raw)
Oxygen (Cal)
Carbon dioxide (Raw)
Carbon dioxide (Cal)
Argon (Raw)

Argon (Cal)

Water (Raw)

Water (Cal)

Sample Pressure
Total lon Signal

L T T I =

Help Previous MNext

Cancel

This panel summarizes the Data Channels that will be created in the new method. You can modify the
Channel name and specify one of 6 trend plot windows to plot each channel. Both options can also be

changed in the method editor once the method has been created.

38
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Select Instruments:

Mass Spectrometer:

Agilent MassHunter MSD R

Pressure Sensor:

PDR 2000 ~

Help Previous MNext Cancel

On this panel you must select the instruments that will be added to the method. The pressure sensor
instrument will only be enabled if you have chosen to include a pressure signal.

Application Data Import Wizard

Method Summary:

Mpplication Import Summary

Application File: C:\Users\Public\Documents\Diablo MS Sensor
4.0\&pplication Builder\Rir.mssapp

Method File: C:\Users\Public\Documents\Diablo MS Sensor
4.0\Methods\Air.mssmet

Instruments
Mass Spectromster: Agilent MassHunter MSD
Pressure Senscr: PDR 2000

[8igl] Hitrogen

-> Instrument: Agilent MassHunter MSD
-> m/z: 28

-»> Pressure Compensation: Trus

[8ig2] Oxygen

—> Instrument: Agilent MassHunter M3D
-> m/z: 32

-> Pressure Compensation: Trus

Help Pravious Create Cancel

Methods
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In this final panel you can review the method that will be created. Click the “Previous” button to make
changes or click “Create” to create the new method. Once the method has been created, it will be opened in
the method editor automatically for you to review.

=7 Edit Method [Air.mssmet] — Oa >
File  Edit
e =w | . = ®E : :
=2 == g I o = p o
== o 5l 2 JEL (ES !‘t@ 8 4
Mew Open | Save SaveAs | Method Settings | Add Instrument Add Signal Add Calculation  Add Channel | Acq. Settings
_% ~ || Methad C:\Users\Public\Documents\Diablo MS Se
I ) ' Method Description | New Method
- nstruments
‘_‘ Data Folder C\Users\Public\Documents\Diablo MS Se
instl: Agilent MassHunter MSD
-{[] inst2: PDR 2000
EIR \.n] Signals
Calculations
E Channels
Acquisition Setti
E.:E;t cquisition Seftings Nl s

Important:

It is particularly important that you review the settings for each of the instruments included in the method to
make sure that the instruments settings are correct. For example:

e If your Agilent MassHunter software is configured for more than one instrument, you need to make
sure that the correct instrument is specified in the instrument settings.

e If you have included the PDR 2000 pressure controller in your method, you need to make sure the
PDR2000 instrument is using the correct serial port.

Signal Calibration

The MS sensor software allows multi-level external standard calibration of signals. In addition, you can also
correct for changes in sample pressure if you are acquiring sample pressure signal data.

With external standard calibration, you introduce a calibration gas with known concentrations of the
compounds of interest. To calibrate the signal, you introduce the calibration gas and wait for the signal to
stabilize. You then calculate the raw signal response generated for each compound at the given
concentration. The calibration slope and intercept are then calculated and applied to sample signals as
described in “Calibration Calculations” on page 44 below.

You calibrate the signals in your method using the signal calibration window that is displayed by clicking the
“Calibrate” button on the main toolbar, or by clicking “Calibrate Signals” option in the main “Method” menu. If
the Method Editor is open, you will need to close it in order to calibrate signals.

See “Calibration Procedure” on page 46 below for step-by-step instructions for a typical calibration procedure.

Calibration Best Practices

e To the best of your ability, you should introduce the calibration gas through the same sample path
and at a similar pressure as your sample gas.
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e ltis usually best for the compound amounts in the calibration gas to be close to the expected
amounts in your sample. If you expect the concentrations to vary significantly during your
experiment, you may need to consider performing a multi-level calibration with the calibration levels
(amounts) encompassing the expected concentration ranges in your sample.

e For the best accuracy, you should recalibrate after making changes to instrument or experimental
settings that could change the instrument response. For example, you should generally recalibrate
after performing an auto-tune or hydrogen tune of the mass spectrometer.

Calibration Settings

Calibrate Signals

Calibration Table Calibration Results

Save

Calibration Levels:
Number of Calibration Levels: Cancel

Pressure Compensation:

Enable pressure compensation of signal response

Pressure Signal: Sample Pressure i

Correct multi-level calibration signal response for pressure R

Calibration Levels

Each Signal always includes one calibration level. However, if you want to perform a multi-level calibration,
you will need to add the additional levels by entering the desired total number of levels in this text box. If you
increase the number of levels in this setting, all signals will be updated to include this total number of
calibration levels. If you decrease the number of calibration levels, then any existing levels exceeding the
new total will be deleted from all signals.

Pressure Compensation

If you want to incorporate pressure compensation into your calibration, then check “Enable pressure
compensation of signal response”, and select the signal that contains the sample pressure. See “Pressure
Compensation” on page 45 and “Pressure Compensation with Multi-Level Calibrations” on page 45 below for
more information on pressure compensation.
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Calibration Table

Calibrate Signals

Calibration Settings Calibration Table Calibration Results

Save
Calibration Level: 1 ~

Select Signal Name Amount . Raw Response Pressure o) Cancel
0O Water 0 0 0
Nitrogen 78.09 192013.977011494 0.0936068965517242
Oxygen 2095 55389.8850574713 0.0936068965517242
Carbon dioxide 0.04 43967816091954 0.0936068965517242
Argon 093 440027586206897 0.0936068965517242

[0 Totallon Signal 0 0 0 v Help

1) Load Data File 2) GetResponse 3) Calibrate

Calibration Data File:

|C:\Users\Puinc\Documents\DiabIo MS Sensor 4.0\Data\air calibration (demo).D\air calibration (demo).mssdata

Zoom into the desired range to calibrate the selected signals and click 'Get Response’

200,000
150,000
100,000
50,000
0
5 10 15 20 25
Nitrogen Oxygen Carbon dioxide — Argon

The calibration table displays the amount, raw response, and calibration pressure for each of the signals in
the selected Calibration Level.

Amount

You must enter the amount for each compound/signal in the calibration standard you want to calibrate at this
level.

Raw Response

This is the raw signal response that will be used to calibrate the signal for the specified amount at the
specified level. You can either enter the raw response manually, or you can retrieve it from a data file
containing signal data from a calibration run using the “Load Data File” and “Get Response” buttons below.

Force Origin

If this option is enabled and there are three or more calibration levels defined, then the linear regression will
be forced through the origin (0,0). This option should be used carefully since it can bias the calibration.
However, it can be a helpful tool to have under certain circumstances.

Select Signal Name Amount  Raw Response  Pressure |Force Origin
Nitrogen
Oxygen

Argon

Carbon Dioxide

Total lon Signal

ool
oo

Sample Pressure
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Load Data File

Click “Load Data File” to load the signal data from a calibration run. Then select (check) the signals that you
want to calibrate at this level using signal data from this data file. Each of the selected signals will be
displayed in the plot. Zoom into the desired range of the plot that you want to use as the raw response for the
calibration.

Zooming

To zoom in on a section of the plot, place the mouse cursor at the upper left corner of the desired zoom
range, and then click and hold the left mouse button while you drag the cursor to the lower right corner of the
desired region. When you release the mouse button, the plot will display the new zoom region.

To zoom out, you can either double-click anywhere on the plot or click and drag a zoom window from the
lower right to the upper left.

Important Notes:

1) You must enable saving of Signal data in the Acquisition Settings before collecting the calibration
data.

2) You should make sure that the data file you use for calibration was collected using the same method
you are calibrating. If the method name from the data file does not match the method you are
calibrating, a warning will be displayed.

Get Response

When you click the “Get Response” button, the average signal response will be calculated for each of the
selected signals over the range displayed in the plot window. Those average signal response values will then
be transferred to the “Raw Response” column in the calibration table. If you have enabled pressure
compensation in the Calibration Settings, then the average sample pressure over that same range will be
calculated and transferred to the “Pressure” column in the calibration table.

Calibrate

Once you have entered the Amount, Raw Response, and Sample Pressure for the selected signals at all the
calibration levels, click the “Calibrate” button. The calibration slope and intercept (if appropriate) will be
calculated for each of the selected signals and the Calibration Results tab will be displayed automatically.
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Calibration Results

Calibrate Signals

Calibration Settings Calibration Table Calibration Results
Save

Signal: Nitrogen v

Calibration Levels Cancel
Level | Amount | RawResponse Corr. Response Pressure Da

1 78.09 192013.977011494 192013.977011494 0.0936068965517242 C:\Users\Public\Documents\Diablo MS Sensor4.0\Dat

2 0 377767692307692 2396.80078430216  0.147536923076923 C:\Users\Public\Documents\Diablo MS Sensor4.0\Dat

< >
Help

Calibration Results: Calibration Plot:

Result Value
Calibration Date 10/16/2018 121541 P

Calibration Slope 2428.1876837904 . I
Calibration Intercept 2396.80078430215 B
Calibration R"2 0
Calibration Std. Error 0
Calibration Pressure 0.0936068965517242

Nitrogen

160,000
140,000

120,000

Corrected Response

40,000

20,000
o E
0 10 20 20 40 50 &0 70

Amount

Calibration Levels

The “Calibration Levels” table displays the calibration data for all levels used to calculate the calibration slope
and intercept for the specified signal.

Calibration Results

The “Calibration Results” table displays the calibration slope and intercept calculated for the specified signal.
If the calibration includes three or more levels and a linear regression was used to determine the calibration
slope and intercept, then the Standard Error and R"2 values for the regression are also displayed. See
“Calibration Calculations” on page 44 below for more information on how the calibration slope and intercept
are calculated. In addition, see “Pressure Compensation” on page 45 and “Pressure Compensation with
Multi-Level Calibrations” on page 45 below for information on how pressure compensation is integrated into
the calibration.

Calibration Plot

The Calibration Plot is a plot of the Amount vs Corrected Response for the specified signal. The line
displayed is calculated from the calibration slope and intercept.

Calibration Calculations
The calibrated signal response for a compound in a sample is calculated using the equation below:
Calibrated Amount = (Corrected Signal Response — Calibration Intercept) / Calibration Slope

Where “Corrected Signal Response” is the raw signal amount that has been corrected for differences in
sample pressure between the calibration and the current value (See “Pressure Compensation” below). The
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Calibration Slope and Intercept are calculated differently depending on whether you have one, two, or three or
more calibration levels as described below.

One Calibration Level

Calibration Slope = Corrected Signal Response / Amount
Calibration Intercept = 0

Two Calibration Levels

Calibration Slope = (Corrected Signal Response(1) — Corrected Signal Response(0)) / (Amount(1) -
Amount(0))

Calibration Intercept = Corrected Signal Response(0) — Calibration Slope * Amount(0)

Three or More Calibration Levels

Calibration Slope = Slope of the linear regression
Calibration Intercept = Intercept of the linear regression

Three or More Calibration Levels with Force Origin

Calibration Slope = Slope of the linear regression with intercept forced through origin

Calibration Intercept = 0

Pressure Compensation

The signal produced by a mass spectrometer at a particular m/z value is a result of both the chemical
composition and the sample pressure. Over moderate pressure ranges we can assume that the change in
MS response is linear with changes in sample pressure. By recording the pressure during calibration, you
can correct the signal response for a change in sample pressure using a simple ratio:

Corrected Signal Response = Raw Signal Response * Calibration Pressure / Current Pressure

Pressure Compensation with Multi-Level Calibrations

Since gas viscosity and vacuum pumping efficiency can change with gas composition, it is not unusual to see
changes in sample pressure when measuring different calibration gas standards. Consequently, when you
are performing a multi-level calibration, there is a separate sample pressure associated with the
measurement of each set of calibration gas standards used. The MS Sensor software provides two ways to
account for these differences in sample pressure between different calibration levels:

1) Use the average sample pressure from all calibration levels.

2) Correct the signal response from the different levels so they are all based on the pressure of the first
calibration level:
Corrected Response (Level 2) = Raw Response (Level 2) * Pressure (Level 1) / Pressure (Level 2)

To use the recommended approach (option 2), check the “Correct multi-level calibration signal response for
pressure” option in the Pressure Compensation section of the Calibration Settings. If this checkbox is
unchecked, then the average pressure (option 1) will be used.

Pressure Compensation:
Enable pressure compensation of signal response

Pressure Signal: Sample Pressure i

Correct multi-level calibration signal response for pressure
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Calibration Procedure
IMPROTANT:

e Open the method you will be calibrating and make sure you have created the desired signals for the
components you want to calibrate. Itis a good idea to create “raw” data channels for each of those
signals.

o Also, Make sure you have enabled saving of Signal data in the Acquisition Settings.
The general approach to signal calibration is as follows:
1) Open the Signal Calibration window by clicking the “Calibrate” button on the main MS Sensor toolbar.

2) On the “Calibration Settings” tab, specify the number of calibration levels, and whether to correct the
signal response for pressure:

Calibrate Signals
Calibration Settings Calibration Table Calibration Results

Calibration Levels:

Mumber of Calibration Levels:

Pressure Compensation:

Enable pressure compensation of signal response

Pressure Signal: Sample Pressure S

Correct multi-level calibration signal response for pressure

3) Switch to the “Calibration Table” tab and select (check) the signals that are present in the calibration
gas, and enter the concentration of each signal.
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Calibrate Signals

Calibration Level:

Calibration Settings Calibration Table

[

> |

Calibration Results

Methods

Select | Signal Mame

|Amnunl | Raw Response | Pressure

Nitrogen 78.09 ] 0
Oxygen 2095 ] 0
Carbon dioxide 0.04 0 0
Argon 093 0 0
LI water D 0 0
[0 Totallon Signal 0 0 0
[0 SamplePressure 0 0 0

1) Load Data File

2) GetResponse

3) Calibrate

4) Start the calibration run and introduce the calibration gas. When the signals have stabilized, click
“Load Data File” and select the desired calibration data file.

5) Zoom into the section of the signal plot that you want to use to calibrate the signal response.

Zoom into the desired range to calibrate the selected signals and click 'Get Response’

200,000

150,000

100,000

50,000

0

6.2 6.4 6.6 6.8 7 7.2 7.4 7.6 7.8 8 8.2 8.4 8.6 8.8 9

Nitrogen — Dxygen —— Carbon dioxide — Argon

6) Then click “Get Response”. The average signal response over the zoomed range for each selected
component will be calculated and transferred to the calibration table as the “Raw Response”. If you
enabled pressure compensation, the average sample pressure over the zoomed range will also be
calculated and transferred to the calibration table.
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Calibrate Signals

Calibration Settings [t:anbratinnTable ] Calibration Results

Calibration Level:

> |

Select | Signal Mame | Amount | Raw Response | Pressure
G| Mitrogen 78.09 ©0042.05921052632 0.0936059210526317
] Oxygen 2095 192422 736842105 0.0936059210526317
] Carbon dioxide 0.04 554899473684211 0.0936059210526317
[«]  Argon 093 438546052631579 0.0936059210526317
L] Water 1] 1] 0
[0  Totallon Signal 0 0 0
[0 Sample Pressure 0 0 0

1) Load Data File

2) Get Response

3) Calibrate

Methods

Repeat steps 3-6 until you have obtained the signal response values for all the desired signals in all

the calibration levels.

Click the “Calibrate” button. The calibration slope and intercept (if appropriate) will be calculated for

each of the selected signals. The Calibration Results will be displayed automatically.
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Calibrate Signals

Calibration Settings Calibration Table [

Signal: | Mitrogen ~ |

Calibration Levels

Level | Amount | Raw Response Corr. Response | Pressure | Ds:
1 78.09 6042.05921052632 6042.05921052631 0.0936059210526317 C:\Users\Public\Documents\Diablo MS Sensor4.00Dz

<

Calibration Results: Calibration Plot:
Result | Value .
Calibration Date 10/16/2018 12:46:49 PM Nitrogen
Calibration Slope 77.3730210081485 5,000 m
Calibration Intercept 0 5,500
Calibration R"2 1]
Calibration Sid. Error 1] >/000
Calibration Pressure 0.0936059210526317 p 4500
w
g 4,000
% 3,500
& r
- 32,000
3z
o 2,500
at
5 2,000
~ 1,500
1,000
s00
Q
Q 20 40 60

Amount

<

9) If the calibration is acceptable, then click the “Save” button and the current calibration will be saved to
the method. When you make subsequent runs, the calibrated signal response will reflect this new
calibration.
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Acquisition Control Panel

The acquisition of process data is controlled using the Acquisition Control Panel. To display the control panel,
click the “Acquire” button on the main toolbar.

22°] Acquisition Control Panel Ell £2 |

B © o 1 - 6@

Data File | Initialize Start Run Pause Run Stop Run | Bat | Help

Run Status: Run Time:
Offline 0.00

Instruments:

Instrument Status |

Agilent MassHunter MSD | Offline

PDR 2000 Offline

Method:hir.mssmet| Data File: |

The MS Sensor Manual Acquisition Control Panel

The Acquisition Control Panel includes a toolbar to control the run, Run Status, and Run Time panels, and an
instrument table displaying the status of the individual instruments in the method.

Acquisition Toolbar

B @ & 1 » O@

Data File | Initialize Start Run Pause Run  Stop Run | Exit | Help

Button Description

Data File Select the data file to be used for the acquisition.

Initialize Initialize the instruments and bring them to the “Ready” status. You will be prompted
to specify a data file, and optional sample name, operator name, and additional
sample information.
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Start Run Start acquiring and processing data from all instruments

Pause Run Temporarily pause acquisition. Data will not be collected while the run is paused.
However, the run time will continue to update.

Stop Run Stop acquiring data from the instruments and perform any post-run actions.

Exit Close the Acquisition Control Panel. Instruments must first be shut down by clicking

“Stop Run”. If the system is acquiring data, you must stop the run before exiting.

Help Display help.

Sample Information Window

When you initialize a run, you will first be prompted to enter a data file name and optional sample information:

Sample Information

Data File:

oK

air calibration.D

i Cancel
Sample Information:

User:

|User |

Sample Mame:

|Demo Data |

Sample Description:

Simulated Signals

Data File

The MS Sensor data file is actually a folder with “.D” appended to the name. This folder contains the actual
data file (.mssdata) the Agilent MS raw data file (data.ms) as well as other files required for the run. You can
enter the data file name manually (the “.D” will be appended automatically), or you can click the browse
button to display a file browser:
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Select Data File

Data Folder:

|C:RL.Isers‘.,Puinc‘.,Documents‘;Diablo MS Sensor4.0\Data

Selected Data File:

|air calibration| |

MS Sensor Data Files:

-
201809131.D

air calibration (demo).D

Air Check11.D

Air Check.16.D

air.D

cal with signals.D

calcheck1D

calevell.D

calculation mode testD v

OK

Cancel

Sample Information

Acquisition

Entering the Sample Name, User, and Sample Description is optional. If you do enter this information, it will

be saved to the data file, and included in the text files that are exported from the data file.

Instrument Status Table

The Instrument Status Table contains a list of all instruments in the method and their current status.

| Acquisition Control Panel EI XY

5 ® OO

Data File | Initialize Start Run Pause Run |Stop Rum || Eat | Help

Run Status: Run Time:
Ready 0.00

Instruments:

Instrument Status |

MS Simulator Ready

Pressure Simulator | Ready

Method: demo.mssmet| Data File: demo.D|

The instrument status text and colors are summarized below.
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Status Color Description

Offline White The method has been loaded, but communication has not yet been
established with the instrument.

Online Gray The instrument has been initialized and communication has been
established between the MS Sensor software and the instrument.

Pre-run Yellow The instrument is loading parameters and performing any required pre-run
actions.

Ready Green The instrument is ready to begin the run

Acquiring Blue The instrument is acquiring data.

Paused Gray The instrument is currently paused.

Post-run Yellow The instrument is performing any post-run actions that are required.

Finished Gray The instrument has finished acquisition and is back in Online mode.

Error Red An instrument error has occurred. Check the event log to see a
description of the error.

Trend Plot Window

The MS Sensor software provides up to six windows to trend plot Data Channel response in real
time. By default, the trend plot Y-axis (response) will scale automatically when new points are
added to the plot so that they are visible. The X axis (run time, in minutes) scrolls automatically as
new points are added to the plot.

| Real-Time Trend Plot [1] == = |
&52o=kit:zle

Real-Time Trend Plot

25,000

20,000

15,000 uv/rw_/
WYY VAl s
10,000 i 4

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 g 8.5 9 9.5 10

—— Hydrogen —— Helium —— Methane Water —— Nitrogen
C2 (29) —— Oxygen Argon — C2(42) Carbon Dioxide
C4 (57) PFTBA (69) C5 (71)

MS Sensor Real-time Trend Plot Window

Trend Plot Toolbar

Each trend plot window has its own toolbar that provides functions to customize the behavior of that window.

Y

— - f 1 f A | |

=y U %] x) L] (] L&) (1S

B E
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Button Description

Print Trend Plot Display a window that allows the current trend plot to be printed.
Copy to Clipboard Copies the current trend plot to the Windows clipboard.
Trend Plot Settings Displays the trend plot settings window allowing you to change the plot

title, assign data channels to be plotted in the window, and set the data
channel line colors.

Zoom X Axis Full Scale Zooms the X-axis of the selected trend plot to the min/max of the full
run-time range.

Zoom Y Axis Full Scale Zooms the Y-axis of the selected trend plot to the min/max over the
displayed run-time range.

Zoom X&Y Axes Full Scale Zooms both the X (run time) and Y (response) axes of the selected
trend plot to the min/max over the full range of data.

Set Min/Max Displays a window that allows the minimum and maximum of the X (run
time) and Y (response) axes of the selected trend plot to be set
manually.

Sync Run Time All trend plot windows that have this button selected will synchronize

their run-time axis.

Autoscale Y Axis If this button is selected, then the trend plot's Y (response) axis will
automatically scale to include the maximum and minimum data points
within the current time window.

Autoscale X Axis If this button is selected, then the trend plot’s X (run time) axis will
automatically scale to include the maximum and minimum data points
within the current time window.

Scroll Window

In order to preserve system resources during long runs, trend plots are designed to "scroll": as new results
are acquired, the oldest results are removed from the plot. See “Trend Plot” on page 34 information on how
to set the length of the scroll window.

Zooming In and Out of the Trend Plot

To zoom in on a section of the plot, place the mouse cursor at the upper left corner of the desired zoom
range, and then click and hold the left mouse button while you drag the cursor to the lower right corner of the
desired region. When you release the mouse button, the plot will display the new zoom region.

Please note that if you zoom during a run, by default both the X- and Y-axis will automatically re-scale to
include any new points that are added outside the current zoomed range. This behavior can be disabled by
un-selecting the “Autoscale” buttons in the trend plot toolbar.

Setting the Trend Plot Axis Scale

In addition to zooming and dragging the plots, the axis scales can also be set manually by clicking the “Set
Min/Max” button in the toolbar. The following window will be displayed, allowing the minimum and maximum
values of both the X (Run Time) and Y (Response) axes to be set.
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Set Trend Plot Min/Max

Response Max:
P Apply
9556.84320467726 2§
Cancel
ol
Ul
C
o
O
Ul
]
o
Response Min:
731.988864357684 v - :
Run Time (min.)
Time Min: Time Max:
0 | 15 |

When the window is first displayed, the min and max values are initialized to the current values from the
selected trend plot. You can click the associated buttons to reset the response minimum and maximum
values to the current values.

Note that the plot shown in this window does not represent actual data.

Repositioning the Trend Plot

It is possible to reposition the graphing region of the trend plot inside the axis lines by pointing the cursor to
this region and then clicking and holding the right mouse button. The graph can then be dragged to a new
position. The scale of the axes will be changed automatically to reflect the new position.

Trend Plot Settings

The Trend Plot Settings window allows you to change the plot title, assign data channels to be plotted in the
window, and set the data channel line colors.
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Trend Plot Settings: Real-Time Trend Plot [1]

Plot Title:

Real-Time Trend Plot

Plot Selected Channels:

Plot

Kl &R REREERDERLE] R

Channel
Chan1: Hydrogen
Chan2: Helium
Chan3: Methane
Chan4: Water
Chanb: Mitrogen
Chant: C2 (29)
Chan7: Oxygen
Chan8: Argon
Chan%: C3 (43)
Chan10: Carbon Dioxide
Chan11: C4(57)
Chan12: PFTBA (69)
Chan13: C5(71)

Line Color

Orange

Yellow

LightGray
LightCaral
Agua
LightGreen
Khaki
Plum

Save

Cancel

Acquisition

To change the trend line color of a particular channel, select the corresponding cell in the Line Color column,
and then click the [...] button that is displayed on the right side of the cell.

Select Trend Line Color — O
Trend Line Color:
Orange ¥
0K Cancel

d

Note: If you change the trend line color for a particular channel, it will be reflected in any other trend plot
windows that are displaying that same channel.

Displaying Trend Plot Windows

By default, only trend plot windows that have data channels assigned to them in the method will be displayed
when the acquisition is initialized. However, you can enable the display of other hidden trend plot windows
using by checking them in the “Window > Display Trend Plot Windows” menu:
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Window | Help

Tile Horizontal 2 .
Tile Vertical iy |
Acquire | View Data

Caszcade

Arrange lcons

| Display Trend Plot Windows — » | Trend Plot Window 1
1 MS Sensor Event Log Trend Plot Window 2
2 Real-time Data Table Trend Plot Window 3
3 Real-Time Trend Plot [1] | Trend Plﬂtwmdﬂ'ﬁ\; |
4 Real-Time Trend Plot [2] Trend Plot Window'5
5 Real-Time Trend Plot [3] Trend Plot Window &

& Acquisition Control Panel

Once a hidden window is displayed, you can use the Trend Plot Settings window to assign data channels to it.

You can also use this menu to hide plot windows by unchecking them. Note that while a trend plot window is
hidden, it will not be updated with data. In addition if you hide and then re-display a trend plot window, it will
only show data updated after it was re-displayed.

Real-time Data Grid

The real-time data grid shows the actual Data Channel response values as they are acquired in real time.
The numeric format of the response values displayed in the grid can be set using the "Format String" setting
in the Data Channel editor (see “Display Settings” on page 29). In addition, the number of lines of data that
are displayed in the data grid is determined by the Data Grid's "Scroll Window" setting in the Method's
Acquisition Settings (see “Scroll Window” on page 33).

-

Il Real-time Data Table |E”El B3

Run Time (min.) |Hydrogen |Helium |Methane Water Nitrogen |C2(29) |Oxygen |Argon C3(43) |Carbon Dioxide |C4(57) |PFTBA(69) |Ch(~
203 10547 2652 12593 1546 3780 5789 2194 121831 4280 6822 33N 11278 £
207 10799 2744 12509 1542 4029 6329 2197 12470 4256 7107 3249 11461 £
210 10573 2731 12208 1561 4012 6268 2120 12417 4079 7473 3320 11791 i
213 10494 2917 11739 1436 4071 6303 2141 12017 3944 7267 3423 12816 £
217 10394 3118 12610 1520 3960 6290 1996 11965 3890 6863 3592 12700 i
220 10088 3332 12141 1434 3719 6724 1906 10995 4041 6376 3472 12776 £
223 10050 3070 12632 1490 3776 6939 1863 10190 4209 6595 3538 12954 i
227 9863 29381 12337 1428 4029 7425 1789 10679 4162 6534 3486 12842 i
230 £l 2982 11849 1457 3921 7386 1737 10416 4261 6413 3346 12823 i
234 8717 3086 11468 1445 3676 7475 1820 10042 4354 6664 3048 13069 £
237 8925 2929 11554 1423 3740 7591 1850 9551 4323 7163 2960 13435 3

ml v
< >

MS Sensor Real-time Data Grid
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Overview of Data Analysis

The MS Sensor software is designed primarily as a data acquisition and real-time trend-plotting package for
process analysis. In addition, since post-run data analysis requirements vary widely, it is difficult to design an
acceptable "one-size fits all" data analysis solution. Consequently, we have chosen to provide the results in a
delimited text file format that can be imported easily into third-party spreadsheet, statistical analysis, and
modeling packages.

However, we also recognize that it is important to be able to review results before more extensive data
analysis. With MS Sensor 4.0, we have introduced a new tool to help you with this data review: the MS
Sensor Data Viewer.

MS Sensor Data Viewer

[ MS Sensor Data Viewer — O b'Y
File Help
~ _ 5
. — L J sy
=y =1 M3

Load Data = Print Report SaveRebnn Export Data
Sample Information:

CA\Users\Public\Documen ~ P
ts\Diablo MS Sensor
Data File 4 (\Data\air calibration
(demo).D\air calibration
(demo).mssdata

Air Calibration [air calibration {(demo).mssdata]

250,000

Sample Name Air Calibraton ~— ©§ T

Sample Description ,slrg::(em airwith helium § Jw,ll:l.l:ll:u:l r___________.___,._ I_,_M.,_._,.,_......_..I

User sjh 8_ 150,000 I

Acauisition Date 2018-10-16 11:56:31 A é 00,000

Channels: 50,000

Display Channel Line Color 0 te— e ——
Water (Raw) [DerkSlateGray | 2 4 B 10 12 14 16 18 20 22 24 26
Nitrogen (Raw) _ ;
hiogen(Cah [ Coen (o) Owaen (G Carbon dlowde (Rew)
Oxygen (Raw) Orange ——— Carbon dioxide (Cal) Argon (Raw) Argon (Cal)
Oxygen (Cal) _ Sample Pressure Total Ion Signal
Carbon dioxide (Raw) Yellow
Carbon dioxide (Cal) _ Range: 0.01-27.98 Water (Raw) Nitrogen (Raw) Nitrogen (Cal) Oxygen (Raw) Oxygen (Cal) Ca
Argon (Raw) LightGray Cursor (0.00 min.) 36752 72312 72312 24280 24280
Argon (Cal) LightCoral Average 6068.2482806052276 T1417.2776541955  24036.854994214085 20767.244841815689 7034.4290609662248 1¢
Sample Pressure Agua Maximum 36752 197760 197120 57704 57248
Total lon Signal LightGreen Minimum 3704 2950 -0.21815698603822051 920 -0.082709222338978358

Std. Dev. 3175.6656297966324  89013.641671147081 60799.770283429214  25528.999922005984 17541.709557439158 1
%RSD 52.332493381103085 124.63880498620526  252.94394918995988 122.92916136184955 249.36934334639079  1(
< > ¢ >

Data File: C:\Users\Public\Documents\Diablo MS Sensor 4.0\Data\air calibration (demo).D\air calibration (demo).mssdata

The MS Sensor Data Viewer is a standalone program that allows you to evaluate MS Sensor 4.0 data files
prior to exporting results to your favorite spreadsheet or modeling program. You can start the Data Viewer
either by clicking the “View Data” button in the main MS Sensor Toolbar, or by clicking the Data Viewer
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shortcut icon on the Windows desktop. If you click the “View Data” button in MS Sensor during or after a run,
the current data file will open automatically.

Main Menu

The Data Viewer main menu includes the following options:

File | Help

= Load Data File..

T=  Extract Method...

=  Print Report...

sl Save Report..

=l Export Data...

€) Bt

Menu Item Description ‘

Load Data File Load a MS Sensor 4.0 data file. Note: you must select the “.mssdata” file inside
the “.d” data file folder.

Extract Method: Extract the embedded method from the current data file. See “Extract Method”
on page 64.

Print Report: Print a Data Viewer report for the currently selected channels and trend plot.
See “Print or Save Report” on page 64.

Save Report Save the data viewer report as a PDF file. See “Print or Save Report” on page
64.

Export Data Export the channel data to a comma- or tab-delimited text file. See “Export
Results” on page 64.

Exit Exit the Data Viewer program.

Main Toolbar

The Data Viewer toolbar includes the following buttons:

ER-T" R

Load Data Print. Report Save Report Exp;:}rt Data

Button Description

Load Data Load a MS Sensor 4.0 data file. Note: you must select the “.mssdata” file inside
the “.d” data file folder.
Print Report Print a Data Viewer report for the currently selected channels and trend plot. See

“Print or Save Report” on page 64

Save Report Save the data viewer report as a PDF file. See “Print or Save Report” on page 64.
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Export Data Export the channel data to a comma- or tab-delimited text file. See “Export
Results” on page 64

Sample Information Table

The sample information table displays information about the data file including the sample information entered
when the file was created, the start and end run date and time, the run length and number of data points.

Sample Information:

CAUsers\Public\Documen
ts\Diablo MS Sensor

Data File 4 0\Data\air calibration
(demo).D\air calibration
(demo).mssdata

Sample Mame Air Calibration
Sample Description Ambient air with helium
blank
User sjh
Acauisition Date 2018-10-16 11:56:1 h

You can select parts or all of the table and copy the selection to the clipboard by right-clicking the table and
selecting “Copy Selection to the Clipboard” from the popup menu. The selected sample information can then
be pasted into a spreadsheet or document.

Channels Table

The channels table allows you to select which channels are displayed in the trend plot and summary results
table. Simply check or uncheck the desired channels. If you double-click a channel, only that channel will be
displayed. If you right click the Channels table a popup menu will be displayed allowing you to Display the
Selected Channel, Display All Channels, or Display No Channels.

Channels:

Display Channel Line Color
Water (Raw)
Mitrogen (Raw)
MNitrogen (Cal)
Oxygen (Raw) Orange

Oxygen (Cal)
Carbon dioxide (Raw) Yellow
Carbon dioxide (Cal)

REEAAEAMEREAEEE

Argon (Raw) LightGray
Argon (Cal) LightCaral
Sample Pressure Aqua
Total lon Signal LightGreen
< >

MS Sensor 4.0 Reference Manual 61



Data Analysis

Trend Plot Panel

XY

Air Calibration [air calibration (demo).mssdata]
250,000
200,000
] F'W
1]
g 150,000 [V | |
o
$ 00,000
2 100,000 ‘
50,000 |
0 B ]
2 4 8 10 12 14 16 18 20 22 24 26
Water (Raw) —— Nitrogen (Raw) —— Nitrogen (Cal) Oxygen (Raw)
—— Oxygen (Cal) Carbon dioxide (Raw) —— Carbon dioxide (Cal) Argon (Raw)
Argon (Cal) Sample Pressure Total Ion Signal

The Trend Plot Panel initially displays a plot of all currently selected channels over the full length of the run.
Summary results for each of the selected channels over the displayed range are shown in the summary
results table (see “Summary Results Table” on page 63). In addition, you can move the vertical cursor to
different locations in the trend plot and view the results for that run time in the summary results table.

Zooming

To zoom in on a section of the plot, place the mouse cursor at the upper left corner of the desired zoom
range, and then click and hold the left mouse button while you drag the cursor to the lower right corner of the
desired region. When you release the mouse button, the plot will display the new zoom region and the results
summary table will be updated to reflect the new range.

To zoom out, click the “Zoom Out” button in the toolbar, or the “Zoom Full Scale” button to view the entire plot
again.

Trend Plot Toolbar

Normalize Channel Response

If you click the “Normalized Channel Response” button, the selected plots will be rescaled so that the
maximum value in each plot is normalized to 1000. This can be helpful when evaluating data channels with
widely differing response.

Set Trend Plot Min/Max

The trend plot axis scales can also be set manually by clicking the “Set Min/Max” button in the toolbar. The
following window will be displayed, allowing the minimum and maximum values of both the X (Run Time) and
Y (Response) axes to be set.
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Set Trend Plot Min/Max

Response Max:

Apply

273756 o

Cancel

Response

Response Min:

-0.218156986038221 <

Run Time (min.)

Time Min: Time Max:

0.01326017 | 2798051872 |

When the window is first displayed, the min and max values are initialized to the current values from the trend
plot. You can click the associated buttons to reset the response minimum and maximum values to the current
values.

Note that the plot shown in this window does not represent actual data.
Display Full Scale

If you click “Zoom Full Scale”, the plot will be zoomed automatically to display the minimum and maximum
values of the run time (X) axis and response (Y) axis.

Zoom Back

If you have zoomed into the plot multiple times, clicking the “Zoom Back” button will step you back to each
previous zoom range.

Summary Results Table

The summary results table displays the Average, Minimum, Maximum, Standard Deviation, and %Relative

Range: 0.01-27.98 Water (Raw) Nitrogen (Raw) Nitrogen (Cal) Oxygen (Raw) Oxygen (Cal) Ca
Cursor (8.67 min.} 6012 192128  78.142129086093689 54984 20.798015254295738
Average 6068.2432806052276 71417.2778541955  24036.854994214085 20767.244841815689 7034.4290609662248 1¢
Maximum 36752 197760 197120 57704 57248
Minimum 3704 2950 -0.21815698603822051 920 -0.082709222338978358
Std. Dev. 3175.6656297966324 89013.641671147081 60799.770283429214  25528.999922005984 17541.709557499158  1¢
%RSD 52.332493381103085 124 63880498620526  252.94394918995988 12292916136184955 249.36934334639079 10
€ >

Standard Deviation for each selected channel over the range displayed in the trend plot. It also displays the
values that correspond to the current location of the vertical cursor bar in the plot window.

You can select parts or all of the summary results table and copy the selection to the Windows clipboard by
right-clicking the table and selecting “Copy Selection to the Clipboard” from the popup menu. The selected
results can then be pasted into a spreadsheet or document.
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Export Results

Export Results To Text File

Export Options:
Export
Channels: Range:
® All Channels ® Entire Run
Cancel
O Displayed Channels Only O Displayed Range Only
File Format

®) Tab-delimited Text File ( TXT)
) Comma-delimited Text File { CSV)

You can export the Data Channel results from the current data file to a delimited text file.

Export Options — Channels

Select whether to export the results from all channels in the data file, or only the selected/displayed channels
Export Options — Range

Select whether to export results over the entire run, or only the displayed range.

Export Options — File Format

Select whether to export the results as either a tab-delimited or comma-delimited text file.

Print or Save Report

The Data Viewer report displays the Sample Information table and trend plot on the first page, and the
summary results table on subsequent pages. Only the currently selected channels are included in the report.
You can either print the report to the default printer, or save the report as an Adobe Acrobat PDF file.

Extract Method

MS Sensor data files contain a copy of the original method that was used to acquire the data. Clicking the
menu option, “File > Extract Method”, allows you to extract this embedded method and save it to the MS
Sensor Method folder.

MS Sensor Text Files

The Signal, Calculation, and Data Channel process analysis results can be exported to comma delimited
(CSV) text files automatically at the end of the run. You can enable this export in the “Data Files” tab of the
method “Acquisition Settings” (see “Data Files” on page 32).

Alternatively, you can create these files at a later time by clicking, “File > Export Results to Text File™:
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Export Results To Text File

Data File:

Export
|C:‘;Users\F’uinc\Documents‘;Diaqu MS Sensor 4.00 . \air calibration (demo).mssdata | E

Cancel
Export Folder:
|C:\Users\Public\Documents\Diablo MS Sensor 4.0\Data =
Export Options:

Export Signal Data

Export Data Channel Data
[] ExportEvent Log

These files are saved in the data file directory that was specified at the start of the run. These files are named
as follows:

Data Text File Name

Signal Response Signals.csv

Calculation Response Calculations.csv

Data Channel Response Named based on the data file name. For example if the data file name
is "datal.d", then the Data Channel response will be exported to
"datal.csv".

Run Log Any events that are logged during the run are copied to the Events.csv
file at the end of the run. These events include system events as well as
any user-log events.

Each log file starts with a 4-line header:

Line 1: Operator name from the Sample Information window
Line 2: Sample Name from the Sample Information window

Line 3: Sample Description from the Sample Information window
Line 4: Comma-delimited column header line

The process analysis results follow the header line immediately. Each result line begins with the Date and
Time and then the Run Time, in minutes, at which the result was acquired. The response values for all
components in the method follow as shown in the example below. The Data Channel log file also includes a
set of summary statistics, including the average, maximum, and minimum values for each component. The
summary statistics are placed at the end of the log file.

Example Data Channel Text File
Operator: SJH

Sample Name: Random Simulator Data
Sample Description: No Sample

Date Stamp Run Time Hydrogen Helium Methane
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4/25/01 15:40 3.32E-02 9259.05
4/25/01 15:41 0.324467 9121.01
Average: 9190.03
Maximum: 9259.05
Minimum: 9121.01

3465.27
3493.43
3437.10

3493.43
3437.10

8357.51
8051.54

8204.53
8357.51
8051.54

Data Analysis

Agilent Technologies MS Data File

The Agilent Technologies MassHunter instrument advanced configuration dialog has an option to "Save Raw
Spectral Data". If you check this box, then the software will create an Agilent Technologies MSD
ChemsStation "data.ms" file in the “.D” data file directory that was specified at the start of the run. This data
file, which contains the raw mass spectral data for the run, can be loaded into the MSD ChemStation Data
Analysis application, which allows sophisticated spectral manipulation, library searching, etc. Please refer to
the Agilent Technologies MSD ChemStation Data Analysis documentation for more information on its data

analysis capabilities.

Agilent MassHunter Advanced Settings [Scan 1]

Acquisition Mode:

® Scan
(O Selected lon Manitaring (SIM)

Scan Parameters:

[] Override Auto Scan Range
Start Mass (mfz): 14
End Mass (mjz): 48

Threshold:

Samples (27): 3 v

Electron Multiplier Voltage:
Save
® Relative Cancel
Raw Data:

Save raw mass spectral datato

Agilent'DATAMS' file
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Instrument Overview

The MS Sensor software uses a “plugin” interface architecture that allows data to be collected from several
kinds of instruments. A driver has been written for each supported instrument described below.

Supported Instruments

The following table lists the instruments that are currently provided with the MS Sensor software.
Instrument Description

MS Simulator A simple simulator that generates random abundance values
over a specified "scan range".

Pressure Simulator A simple simulator that generates random pressure values at
a specified target pressure.

Agilent MassHunter MSD Any Agilent Technologies Mass Selective Detector (MSD)
using the MassHunter GC/MS Acquisition for control. This
instrument driver is required for the 5977 MSD.

MKS PDR2000 Pressure Controller Reads pressure data from an MKS PDR 2000 Pressure
Controller using a serial interface.

Diablo MPValve Sequencer This instrument driver interfaces with Diablo’s MPValve
Sequencer to control VICI multiposition, stream-selection
valves.

Diablo EZReporter Reads GC and GC/MS results exported from the Diablo

EZReporter 4.0 reporting software.

It is possible for other instruments to be added to the MS Sensor process analysis software via a custom
driver developed by Diablo Analytical, Inc. Please contact Diablo for more information.

MS Simulator Instrument

The MS Simulator instrument is a simple mass spectrometer simulator that generates simulated abundance
values over a specified "scan range". This instrument is used primarily for testing, training, and
demonstration since it doesn't need to be connected to an actual instrument.
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Configuring the MS Simulator Instrument

Instruments

Edit Recipe

Instrument Description:

MS Simulator

Scan Range:

Low Mass (M/Z):
High Mass (M/Z):

Simulated Sample Type:

@® Random Dynamic Sample (Default)
(O Simulated Air Sample

Save

Cancel

Diablo MS Simulator Instrument Recipe Window

Instrument Description

This description is used to help identify the instrument in the method tree and the manual acquisition

instrument status table.

Scan Range

Enter a Low (starting) mass and High (ending) mass to define the scan range over which the simulator will

generate signal data.
Simulated Sample Type
You can choose the following simulated sample types:

1) Random Dynamic Sample: If you choose this sample type, then random values will be generated for
each m/z value in the specified scan range. The values will change with time, simulating a dynamic

process.

2) Simulated Air Sample: This sample type simulates the spectrum produced by ambient air with a
composition of 78% N2, 21% 02, 0.93% Ar, and 0.04% CO2. The spectrum has a total abundance of

250,000 with ~5% random “noise”.
Supported Signal Types

When creating a signal based on the MS Simulator instrument, the following signal types are available.
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w Edit Signal [Sig1]

Signal Description: |m

Instrument: MS Simulator w

Signal Type: Mass Abundance W

Signal Parameters:

M/Z 2 |

Mot Meeded for this Signal Type [l

Other Settings:
L]

Save

Cancel

Help

Create new Raw Data
Channel from Signal

Create new Calibrated
Data Channel from Signal

Mass Abundance

This signal type returns the abundance of the specified mass in the spectrum.

Signal Index 1 (M/Z): The mass-to-charge ratio of the desired peak in the mass spectrum. This mass must

fall within the scan range that is specified in the instrument parameters window.

Total lon Signal
This signal type returns the total abundance of all ions in the mass s

Base Peak Mass

pectrum.

This signal type returns the mass of the largest peak in the mass spectrum.

Base Peak Abundance

This signal type returns the abundance of the largest peak in the mass spectrum.

Instruments

Pressure Simulator Instrument

The Pressure Simulator instrument is a simple sample pressure simulator that generates random pressure

values at a specified target pressure. This instrument is used primarily for testing, training, and demonstration

since it doesn't need to be connected to an actual instrument.

Configure the Pressure Simulator Instrument

Edit Recipe — | X
Instrument Description:
P Save
Plessme Simulator |
Cancel

Simulation Settings:

Simulation Pressure: 05 |

Diablo Pressure Simulator Instrument Recipe Window
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Instrument Description

This description is used to help identify the instrument in the method tree and the manual acquisition
instrument status table.

Simulation Pressure

The target simulation pressure. The instrument will generate random pressure values around this target
pressure.

Supported Signhal Types
When creating a signal based on the Pressure Simulator instrument, the following signal types are available.

u Edit Signal [Sig15] %
Signal Description: | Save
Instrument: Pressure Simulator W
, Cancel
Signal Type: CH 1 Pressure W

Signal Parameters: Tl
Mot Needed for this Signal Type

Create new Raw Data
]

Mot Needed for this Signal Type Frrel oo

Other Settings: m Create new Calibrated
Data Channel from Signal

CH1 Pressure and CH2 Pressure
The simulated pressure measured by a simulated transducer on Channel 1 or Channel 2.

MKS PDR 2000 Pressure Controller

The MKS PDR 2000 Pressure Controller is used to control the MKS Baratron Capacitance Manometer that is
used to monitor the interface/sample pressure of the Diablo 5000A Real-Time Gas Analyzer differentially-
pumped sampling system. The pressure data is read using RS-232 serial communication.

Important: The computer running the MS Sensor software must have one free RS-232 serial port available in
order to read the pressure data from the PDR 2000.

Configuring the PDR 2000 Instrument

The MS Sensor instrument driver retrieves pressure data from the MKS PDR2000 Pressure controller using
the RS-232 interface.
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Edit Recipe - O >
Instrument Description:
Save
[PDR 2000
Cancel

Serial Communication Settings:
Serial Port

ComM1 w Test

The MKS PDR2000 Configuration Window
Instrument Description

This description is used to help identify the instrument in the method tree and the manual acquisition
instrument status table.

Communication Parameters

The PDR 2000 uses fixed RS-232 communication parameters, so the only communication parameter that
needs to be set is the "Serial Port".

Serial Port:
The serial port on the MS Sensor computer to which the MKS PDR2000 controller is connected.
Test Button

Press this button to test whether communication can be established with MKS PDR2000 controller. If RS-232
serial communication is set up correctly, a window will be shown displaying the firmware revision of the
PDR2000:

Test Serial Port

I.-"'_"‘-.I The PDR2000 is responding correctly on the selected serial port.
W [COML]:
9084 ver1.30

Supported Signal Types

When creating a signal based on the MKS PDR2000 instrument, the following signal types are available.
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w Edit Signal [Sig16] %
Signal Description: | Save
Instrument: PDR 2000 ~
, Cancel
Signal Type: CH 1 Pressure ~

Signal Parameters: Help

Mot Needed for this Signal Type

Create new Raw Data
]

Mot Needed for this Signal Type Frrel oo

Other Settings: m Create new Calibrated
Data Channel from Signal

CH 1 Pressure
The pressure measured by the transducer on Channel 1.
CH 2 Pressure

The Pressure measured by the transducer on Channel 2.

Agilent MassHunter MSD

The Agilent Technologies MassHunter GC/MS Acquisition software is required to control the 5977 MSD and
also currently supports the 5975 MSD.

MassHunter Requirements

The MS Sensor MassHunter MSD instrument driver requires the Agilent Technologies MassHunter GC/MS
Acquisition software be installed and operational prior to installing the MS Sensor software. In addition,
version B.07.05 or later of MassHunter is required. Check the MS Sensor release notes for an updated list of
compatible MassHunter versions.

Important Note: The Agilent MassHunter instrument control software must be closed before acquiring data
from an MSD using the MS Sensor software.
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Configuring the MassHunter Instrument

Instruments

Edit Recipe

Instrument Description:

Agilent MassHunter MSD

MassHunter Instrument:

(® 5977 RTGA

Scan Settings [Scan 1]:

Masses to Acquire:

# | Masses (m/z)
1 T
2 28

32
44
40

Lia A

Add Delete

Acquisition Type:
® Single-scan (Standard)
O Dual-scan (Alternating)

Scan1

MassHunter Tune File:

Save

lomass.u

Open Tune Window

Advanced Settings:

Advanced

Cancel

Agilent MassHunter MSD Acquisition Parameters Window

Instrument Description

This description is used to help identify the instrument in the method tree and the instrument status table in

the acquisition control panel.

MassHunter Instrument

Up to four instruments can be installed on an Agilent Technologies MassHunter computer. Make sure to
select the correct MSD instrument from the options that are provided.

Acquisition Type

MS Sensor 4.0 allows you to configure MassHunter for either single-scan or dual scan acquisition. With dual-
scan acquisition enabled, MassHunter will alternate between two sets of acquisition settings, which can have
different masses, tune files, and other detector settings (including SIM/Scan). When you enable dual-scan

acquisition, the “Select Scan Settings” list box allows you to switch between the two scans.

Copy Settings

If you have configured MassHunter for dual-scan acquisition, you can copy the current settings from Scan 1 to
Scan 2 to help you with the initial configuration of Scan 2.
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Tune File

The MSD tune file that will be used by this method is listed in this panel. By default, MS Sensor uses the
"atune.u" file, which is the standard autotune file. The "Select" button can be pressed to display a window
that will allow you to specify a different tune file. Additional information on tune files and tuning can be found
in the "Tuning the MSD" section below.

IMPORTANT: If you create a new tune file in the Tune Window, make sure that you select that new tune file
upon closing the Tune Window.

Open Tune Window

Clicking the "Open Tune Window" button causes the MassHunter Tune Window to open. The Tune Window
is used to initiate a pump down or vent of the MSD vacuum system, calibrate (tune) the MSD mass axis, and
perform instrument diagnostics.

Masses to Acquire

The individual masses that you want to acquire can be entered into the masses table using the "Add" button.
Allowed values are 1.6 through 800. Masses can be deleted from the table by clicking on their line in the
table, and then pressing the "Delete” button.

Default Instrument Settings

This MassHunter instrument driver uses the following default instrument settings. These default settings can
be overridden using the Advanced Configuration dialog.

Acquisition Mode Scan

Scan Range With auto-scan range enabled, the scan range is set from 4 m/z below
the lowest mass to 4 m/z above the highest mass specified in the
"masses to acquire"” table (this range is clipped so that it doesn't
extend beyond the 1.6 to 800 m/z range).

Samples 2"3
Threshold 100
MassHunter Acq Interval ~1 s. (fixed). This is the interval at which mass spectra will be

acquired from the MSD and saved to the “data.ms” file if the “Save raw
mass spectral data” option is selected. This setting is fixed at 1s and
is independent of the overall acquisition interval set in the process
monitoring parameters.

EMV 0 volts Relative to the Tune voltage.

Save Raw Spectra False

Advanced MassHunter Configuration

The Advanced Configuration dialog allows you to override the default instrument settings for the MSD.
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Agilent MassHunter Advanced Settings [Scan 1]

Acquisition Mode: Electron Multiplier Voltage:
Save

® Scan ) Absolute

O Selected lon Manitoring (SIM) ® Relative ICI Cancel

Scan Parameters:

Help
Override Auto Scan Range

R —— =
End Mass (m/z): =

Raw Data:

Threshold: I:l Save raw mass spectral data to

Samples (2™): 3 — Agilent'DATAMS' file

Other Parameters:

Initialization Timeout (milliseconds): 90000 |

Shutdown Timeout (milliseconds): |?5I}DD |

Acquisition Mode

The MSD can be configured to collect data in either full scan or Selected lon Monitoring (SIM) mode. This
button allows you to choose which acquisition mode to use. You typically choose Scan mode for general
applications where you want to collect the full mass spectrum in case an unknown compound is present. You
typically choose Selected lon Monitoring (SIM) mode when you need the highest sensitivity, or when you want
to exclude large matrix ions from exposing the detector to high ion current.

Save Raw Spectral Data

If you check this box, the software will create an MSD ChemStation "data.ms" file in the “.D” data file directory
that was specified at the start of the run. This data file can then be loaded into the MSD ChemStation data
analysis application, which allows sophisticated spectral manipulation, library searching, etc. Please refer to
the Agilent Technologies MSD ChemStation reference manuals for information on the data analysis
capabilities of ChemStation Data Analysis.

Important Note: The raw spectral data will be saved to the ChemStation data file at a rate of approximately 1
spectrum/sec, regardless of the Acquisition Interval that is set in the method.

Electron Multiplier Voltage

The electron multiplier voltage to use for acquisition; this value can be either a positive or negative offset
relative to the tune voltage or an absolute, positive voltage. The resulting voltage must be in the range of 0-
3000 Volts. If the relative voltage results in the actual voltage exceeding 3000 volts, the system will
automatically set the voltage to 3000 volts. The default settings is 0 volts relative to the tune voltage.

Note: You should make sure to keep the Total lon Signal in an analysis below 1,000,000 counts (and below
500,000) for the best stability and detector lifetime. If the Total lon Signal is too high, you can enter a
negative voltage offset in Relative mode to reduce the Total lon Signal.

Scan Parameters
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The following parameters must be set when the acquisition mode is set to "Scan".
Override auto scan range

By default, the software automatically sets the scan range based on the masses entered into the masses
table. If you would instead prefer to set the scan range manually, check the "Override auto scan range"
checkbox and entered the desired starting and ending masses.

Start Mass
The starting mass of the scan range: allowed values are 1.6 through 800 m/z.
End Mass

The ending mass of the scan range: allowed values are 1.6 through 800 m/z. The end mass must be greater
than the start mass.

Threshold

This is the MS peak detection threshold. Spectral peaks whose abundance is below this value will be ignored
by the data system and their abundance will be set to 0. If you are doing trace analysis with small peaks you
should set the threshold to 0 so no peaks are lost.

Samples

A number n, where the number of samples is 2”n; allowed values for n are 2 through 7. This determines the
degree of spectrum signal averaging that will be performed. As you increase the number of samples, you will
also decrease the raw spectrum acquisition rate.

IMPORTANT : Setting Samples to a value less than 3 can cause inconsistent results.

SIM Parameters

The following parameters must be set when the acquisition mode is set to "Selected lon Monitoring".
SIM lon Table

Up to 30 SIM ions can be added to the "Masses to Acquire" table on the main configuration window using the
"Add" button. Allowed values are 1.6 through 800 m/z. lons can be deleted from the table by clicking on their
line in the table, and then pressing the "Delete" button. See “Configuring the MassHunter Instrument” on
page 73.

Dwell Time

The time in milliseconds for acquiring data at each mass: the acceptable range is 10-9999. The dwell time
multiplied by the number of ions must be less than 59 s.

Cycle Time

The dwell time multiplied by the number of ions: the total cycle time must be less than 59 s.
Other Parameters

Initialization Timeout

The initialization timeout should be set longer than the time it takes for the MassHunter Acquisition window to
start up and initialize. Start with the default setting and increase it if you are experiencing timeout errors
during initialization that aren’t being caused by some other error. The setting is in milliseconds.

Shutdown Timeout

The initialization timeout should be set longer than the time it takes for the MassHunter Acquisition window to
shutdown and close. Start with the default setting and increase it if you are experiencing timeout errors
during shutdown that aren’t being caused by some other error. The setting is in milliseconds.
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MassHunter Tune Window

Pressing the “Tune Window” button opens the MSD Tune Window. This window is a custom version of the
MassHunter "Tune and Vacuum Control" window.

The Tune Window is used to initiate a pump down or vent of the MSD vacuum system, to calibrate (tune) the
MSD mass axis, and to perform instrument diagnostics.

£ MS Sensor MSD Tune and Diagnostics — a *

File  Tune Hydrogen Vacuurmn  Execute  Parameters  Status  Diagnostics  Abort  Graphics  Help

-

MassHunter GC/MS Acquisition
B.07.06.2704
7/18/2017

Log file is D:\MassHunter\GEMSWIWDAMHTUNELOG. Logging is Off

The MSD Tune and Diagnostic Window

Tuning the MSD

The following options located under the "Tune" menu are used to calibrate the mass axis of the MSD and set
the relative response of the mass analyzer across the scan range. Refer to the MassHunter GC/MS
Acquisition reference manuals for more information on Autotune. The following tune options are most
commonly used with MS Sensor/RTGA applications.
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Tune | Hydrogen  Vacuum  Execute |
Tune M5D

CuickTune

Autotune (Atune )
Extraction Source Tune (Etune.l)

i HES Autotune (HES_Atune.u)

BFE Autotune (BFE Atune.l
| Low Mass Autotune (Lomass.U)
L)
Standard Spectra Tune (Stune.l)
DFTPP Tune (DFTPP.L)

BFE Tune (EFB.U)

Tune Wizard...

Air and Water Check

Tune Evaluation

Switch lon Source Filament...

Autotune (Atune.U)

This is the standard autotune that uses PFTBA masses 69, 219, and 502 to tune the MSD across the full scan
range of the instrument. The results of the tune are automatically saved to the "atune.u" tune file.

Low Mass Autotune (Lomass.U)

This is a special, low mass range version of the autotune that uses PFTBA masses 69, 131, and 219 to tune
the MSD over the "light" end of the scan range. The results of the tune are automatically saved to the
"lomass.u" tune file. This is likely the best tune for typical RTGA applications.

Hydrogen Tune

The measurement of very light ions like hydrogen with the MSD requires special tuning and hardware. In
order to perform a hydrogen tune, the MSD must have the special "Low Gauss" source magnet and a 6-mm
drawout lens installed. In addition, you will need to be able to supply the instrument with a "tune mix"
containing 20-100% Hydrogen in a diluent gas like Helium or Nitrogen.

Hydrogen | Yacuum  Execute

Full Hydrogen Tune

Cuick Hydrogen Tune

I Full Helium Tune

Chuick Helium Tune

There are two hydrogen tune menu options located under a separate "Hydrogen" menu, "Full Hydrogen
Tune", and "Quick Hydrogen Tune". The "Full Hydrogen Tune" automatically runs a Low Mass Autotune
before optimizing the system for hydrogen response. The "Quick Hydrogen Tune" loads the current Low
Mass Tune file (lomass.u) from disk, and then performs the hydrogen optimization tune using the Low Mass
tune conditions as the starting point.

The hydrogen optimization tune adjusts the repeller, ion focus, electron energy, emission current, and
entrance lens offset parameters to produce maximum response at m/z=2. In addition, masses 69, 131, and
219 from the MSDs calibration fluid (PFTBA) are used to help calibrate the mass axis, adjust peak widths,
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and set the electron multiplier voltage so that a consistent signal abundance is achieved. The results of the
hydrogen optimization tune are save to the tune file 'htune.u'.

IMPORTANT  You should only perform the Hydrogen Tune with the standard 50-micron orifice plate
installed on the high-vacuum side of the RTGA interface. Hydrogen tuning is not compatible with the 350-um
“high-sensitivity” orifice plate.

Helium Tune

The Helium tune is the same as the Hydrogen tune except it optimizes the response for helium at m/z=4. You
must provide a source of helium in order to perform a helium tune. The helium tune is saved to the tune file
“hetune.u”.

Important Considerations
There are several important things to consider when performing a hydrogen or helium tune.

1. The system will be optimized for response in the very low mass range. Consequently the
performance at higher masses may be reduced.

2. The hydrogen/helium tune will result in the Electron Energy being set to something other than the
"standard" 70 eV. This will only be an issue if calculations or library searches are performed with
the assumption that the spectra will have a "classic" fragmentation pattern. This is not expected
to be important with standard uses of the Real-Time Gas Analyzer.

3. Although the hydrogen/helium optimization tune will work over a range of concentrations, it is best
to use a consistent tune mix in order to achieve reproducible and consistent hydrogen tunes for
specific applications.

4. After performing a hydrogen or helium tune, make sure that you specify 'htune.u’ or ‘hetune.u’ as
the tune file in the MS Sensor "Agilent MassHunter MSD Acquisition Parameters" Window.

Resetting to Factory Default Conditions

The hydrogen and helium optimization tunes are influenced significantly by the starting conditions as defined
by the low-mass autotune (lomass.u). If for some reason the low-range autotune has drifted or become
corrupted, it may be necessary to reset the tune parameters to their factory-default values.

The factory default tune files can be restored by running the Agilent GC/MS Configuration program. Open the
instrument that corresponds to the RTGA MSD and then click “OK” to close and save the configuration.

% Agilent GC/MS Instrument Configuration - O X
File  Configure Help
1234 |%
- Execute
Current Agilent GC/MS Instrument Configuration
Name Offlne. M5 MS IP Available GC GCIP Workflow Mode Laboratory ID Number

Sources

5977 RTGA 77 10.51.41.126 Enhanced

Lo

Welcome to the Agilent Technologies GC/MS Instrument Configuration Guide!

Click “Yes” when prompted to “Proceed with update to Instrument Configuration”

MS Sensor 4.0 Reference Manual 79



Instruments

Update Configuraticn

Proceed with update to Instrument Configuration?

Yes Mo

IMPORTANT: After resetting the tune parameters to their default parameters, you should immediately run
either a Low Mass Autotune, or a Full Hydrogen or HeliumTune so that the Low Mass autotune file is
regenerated from the factory defaults.

Data Acquisition with MassHunter

When an MSD instrument is initialized, a MassHunter acquisition/scan window is automatically opened and
minimized to the Windows taskbar. This window can be restored during acquisition so that the mass
spectrum of the process can be viewed in real time.

Make sure not to close this window manually during acquisition, or the resulting instrument error will cause
the analysis to abort immediately. It is, however, safe to minimize this window during acquisition.

AR scan =R R

Low High Step Speed Threshold  Peaks Base  Abundance Total lon
14.00 48.00 010 3 100 3 28.00 399 642

14
0.95
0.9
0.85
0.8
0.75
0.7
0.65-
0.6
0.55
0.5
0.45-
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

15 16 17 13 19 20 21 22 23 24 25 25 27 23 23 30 M 32 33 34 35 35 37 38 319 40 41 42 43 44 45 45 47
Mass (miz)
Target mfz Actual m/z Abund Rel Abund Iso mjz Iso Abund Iso Ratio
69.00
219.00

502.00

MassHunter Scan Window
Supported Signal Types

When creating a signal based on the Agilent MassHunter instrument, the following signal types are available.
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w Edit Signal [Sig2) %
Signal Description: |M Saye
Instrument: Agilent MassHunter MSD ~
, Cancel
Signal Type: Mass Abundance W
Signal Parameters: Tl
Single Scan# 1 v
Create new Raw Data
M/Z 16 V| L s Signal
Other Settings: Create new Calibrated

[ Data Channel from Signal

Mass Abundance
This signal type returns the abundance of the specified mass in the spectrum.

Signal Index 1 (Scan): Allows you to choose whether the signal will be retrieved from Scan 1 or Scan 2 if you
have enabled dual-scan acquisition.

Signal Index 2 (M/Z): The mass-to-charge ratio of the desired peak in the mass spectrum. This value must
fall between the low mass and high mass scan range that is specified in the instrument parameters window.

Total lon Signal

Signal Index 1 (Scan): Allows you to choose whether the signal will be retrieved from Scan 1 or Scan 2 if you
have enabled dual-scan acquisition.

This signal type returns the total abundance of all ions in the mass spectrum.
Base Peak Mass

Signal Index 1 (Scan): Allows you to choose whether the signal will be retrieved from Scan 1 or Scan 2 if you
have enabled dual-scan acquisition.

This signal type returns the mass of the largest peak in the mass spectrum.
Base Peak Abundance

Signal Index 1 (Scan): Allows you to choose whether the signal will be retrieved from Scan 1 or Scan 2 if you
have enabled dual-scan acquisition.

This signal type returns the abundance of the largest peak in the mass spectrum.

Diablo MPValve Sequencer

This instrument driver is designed to interface the Diablo Analytical MPValve Sequencer application with the
MS Sensor software to provide integrated control of VICI (Valco) multi-position, stream-selection valves.

With integrated valve control, the valve position can be specified as an MS Sensor Signal and Data Channel.
As a result, the valve position can be included with each line of data that is collected during acquisition.

Important Note: A fully functional evaluation copy of Diablo’s MPValve 3.0 software is included on the MS
Sensor installation CD and the latest version of the software can be downloaded from Diablo’s web site. You
may evaluate MPValve Sequencer for 30 days. After the evaluation period ends, you must purchase a
software license from Diablo in order to continue using the software.
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Controlling the MS Sensor Run from MPValve Sequencer

Important: While it is possible to use the “Pause”, “Start”, and “Stop” buttons in MPValve Sequencer
“Sequence Run Control” to control the MS Sensor run, it is preferable to control the run exclusively through
the MS Sensor Acquisition Control Panel.

If you do need to control the run through the MPValve Sequencer window, please be aware of the following
issues:

1) Clicking the MPValve Sequencer “Start” button will only start the MS Sensor run if the MS Sensor
acquisition/run status is “Ready”.

2) If you click the MPValve Sequencer “Pause” button, you must wait until the MS Sensor acquisition/run
status is “Paused” before resuming the run by clicking “Pause” a second time. If you resume the run
before all MS Sensor instruments have paused, then some instruments may no longer be
synchronized properly.

Configuring Diablo MPValve Sequencer

Edit Recipe — O *
Instrument Description: Save
MPVaIve Seguencer |
Cancel

MPValve Sequence File:

|C:‘LUsersHPublic\DocumentsHDiablo MS Sensor .. \MPValve.seq |

Edit Sequence

Other Options:

Log valve position changes to eventlog

MPValve Sequencer Configuration Window
Instrument Description

This description is used to help identify the instrument in the method tree and the manual acquisition
instrument status table.

Edit Sequence

Press the “Edit Sequence” button to start the MPValve Sequencer software. You can then either load an
existing valve sequence file, or create and save a new valve sequence from within the MPValve Sequencer
software. See the MPValve software help file or manual for more information on setting up valve sequence
programs.

When a sequence file is opened or saved from within the MPValve Sequencer software, the sequence file will
be passed automatically to the MPValve Sequencer instrument configuration.

Note: If you would like to control the multi-position valve manually during an MS Sensor run, simply create or
load a valve sequence with no sequence steps. You can then use the manual control section of the MPValve
Sequencer window to increment, decrement, or move to a specific valve position.
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Log valve position changes to the event log: If this check box is selected, an entry will be made in the MS

Sensor event log to document the run time, valve, and valve position.

Important: This option should be disabled for long runs with many valve switches since the large number of
log entries will produce a very large log file and potentially cause problems with system resources.

Supported Signal Types
The Diablo MPValve Sequencer instrument driver supports the following signal types:

w Edit Signal [Sig1]

Signal Description: | | Save
Instrument: MPWValve Sequencer ~
: = Cancel
Signal Type: Walve Position ~
Help

Signal Parameters:

Valve Mumber 1 v

Create new Raw Data

Mot Meeded for this Signal Type | Channel from Signal

Other Settings: m Create new Calibrated
Data Channel from Signal
[] Apply pressure compensation to calibrated response

Valve Position:

This signal type returns the current valve position for the specified valve. The valve is specified in Signal

Index 1.

Instruments

Diablo EZReporter Instrument

The Diablo EZReporter instrument is designed to import GC and GC/MS results exported from the Diablo

EZReporter 4.0 software.

EZReporter is a flexible post-run reporting program that retrieves, and process calibrated (external standard)

peak results from a large number of different chromatography data systems.
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Diablo EZReporter 4.0

File Tools

-

Help

Open Data File

Sample Information:

Reprocess | Print Report  Save Report

Parameter Monitor

sV
-4

Export

—
=y

o

Results Database

Load Configuration Edit Configuration

Modbus  Sample Processing

Sample Name
Method Name
Injection Date

Sample Information
Room Air

Temp CEMs
2019-07-02 17:32:25

Report Date 2020-04-06 14:28:58
Component Results
Component Ret. Peak Raw ~
Name Time Area Amount
43.000 1295598 79.7586
Carbon Dioxide | 23.240 9585.3  0.0840
Methane 51.420 0.0 0.0000 v
Results Summary
Result Dry
Total Raw Mole% (Dry) | 79.8426

Errors and Warnings

Type

Source Description

| MS Sensor Export (Air Demo).cfgx

EZReporter Instrument Requirements

You must download and install the EZReporter 4.0 software from the Diablo Analytical web site if you are not

already using it:

https://diabloanalytical.com/products/software/ezreporter/ezreporter-downloads/

IMPORTANT: make sure to download the version of the installer that includes support for the chromatography
data system you are using to control your GC or GC/MS. If in doubt, select the complete download listed
under “Downloads for Other Data Systems”. Choose the “Web Installer” if the computer is connected to the
Internet, or the “Full Installer” if not.

The software will run in a fully functional trial mode for 30 days after you install and start it for the first time.
You will need to purchase a license and activate the software to continue using the software after the trial
period expires. For simple export of results to the MS Sensor software, the Standard Edition of the software

is sufficient.

The EZReporter “Getting Started” manual and the “Connector Plugin” manual for your chromatography data

system provide instructions on setting up EZReporter. These manuals are installed along with the software or
can be downloaded from the Diablo Analytical web site.
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Installation and Configuration of EZReporter

The following assumes that you will be installing and running EZReporter on the same computer as the MS
Sensor software. Please contact Diablo Analytical support if you will be running EZReporter on a different
computer.

1) Install the EZReporter 4.0 software.

2) Add the EZReporter Instrument to your MS Sensor method and install the MS Sensor EZReporter
configuration templates.

3) Set up EZReporter up to process component results from your chromatography data system.
4) Set up your EZReporter configuration to export results to MS Sensor.

5) Configure the MS Sensor EZReporter instrument

Install the EZReporter Software

Download and install the software on the computer running the MS Sensor software. See “EZReporter
Instrument Requirements” on page 84 above for download information.

Once you have installed EZReporter proceed to the next step (Add EZReporter Instrument to MS Sensor
Method) before starting EZReporter for the first time.

Add EZReporter Instrument to MS Sensor Method

Click the “Add Instrument” button in the MS Sensor method editor and select the “Diablo EZReporter”
instrument:

. Add Instrument X
Select Instrument: Add
Diablo EZReporter v
Cancel

Instrument Description:

Help

Diablo EZReporter

The EZReporter Instrument recipe editor will be displayed. Click the “Install” button to install the MS Sensor
EZReporter configuration templates:
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Edit EZReporter Instrument Recipe

~ Instrument Description:
[Diablo EZReporter

| Save

Cancel

 Folder to Monitor for Results:
C:\Users\Public\Documents\Diablo EZReporteriData |

I Stop run if EZReporter is inactive for (min): 10

I

Help

~ Components

# | Component

Add Delete Import

Configure EZReporter for a New Installation

For new installations with no existing EZReporter configuration file already set up for your GC method, you
will create a new configuration from the MS Sensor template you installed above.

When you start EZReporter for the first time, the New Configuration File Wizard will be displayed. If you have
already started EZReporter and have a default configuration file loaded, click, “File > New Configuration”.

Select the “MS Sensor” Template Category:

86 MS Sensor 4.0 Reference Manual



Mew Configuration File Wizard

s

Select Template Category:
MS Sensor

Select Configuration Template:

Select Template

Description
A configuration template to export raw component
MS Sensor Text Export.cfgt results to the Diablo MS Sensor 4.0 process

Next

monitoring software. You will need to add your
components to the component table.

Cancel

The template, “MS Sensor Text Export.cfgt” should be selected by default. Click the “Next” button:

Mew Configuration File \%’izard

Save Configuration File As:

|MS Sensor Text Export| cfgx

Edit configuration after saving

Previous

Finish

Cancel

Instruments

MS Sensor 4.0 Reference Manual

87



Instruments

Check the “Edit configuration after saving” option, and then click the “Finish” button. EZReporter will
automatically open the configuration editor. You will now need to enter the components from your GC
method into the EZReporter Component Table.

Diablo EZReporter Configuration

General Settings Component Settings
SRS Sulnke Name Component Component Manual Exclude From | Exclude |.:r0m
A ID Type Amt Entry Report Calculations
Calculated Results Save As
Monitored Parameters Component 1 1001 Peak Result O O O
Text Export Load

Miscellanecus Settings

EZReporter Data Files Exit

Help

6 | Settings
.| Repol ings
& Natural Gas Analysis < >

=5 Results Database

Add ‘ ‘ Delete ‘ ‘ Clear ‘ ‘ Undo ‘

‘ Std. Components ‘

| MS Sensor Text Export.cfgx

The configuration editor should open automatically to the Component Settings. If not, click the “General
Settings” option in the navigation bar at the lower left, and then, “Component Settings” from the list at the
upper left. You will now need to enter each of the components from your GC report into the Component

Table.

IMPORTANT: EZReporter identifies components in the GC report by their component name. So you need to
enter each component with the exact spelling from the GC report. Capitalization/Case isn’t important, but
spelling is.

You can edit the default “Component 1” by double-clicking that cell in the component table, and changing it to
the name of the first component in your GC report. You will add subsequent components by clicking the
“Add” button and select a result type of “Peak Result”:

by
Select Component Type X
Component Type:
Peak Result w
OK Cancel

A new line will be added to the component table, allowing you to enter the next component. Repeat for the
remaining components in your GC report.

When you have completed entering your components, click the “Save” button to save your configuration.
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Complete the Setup of EZReporter

If you haven’t already set up an EZReporter instrument to process results from your chromatography data
system, you should do that now as described in the EZReporter “Getting Started” manual and the EZReporter
“Connector Plugin” manual for your chromatography data system.

Finally, you should perform a run on your GC and confirm that the results are received by EZReporter and the
Component Results in the EZReporter Sample Results tab match the results in your GC report.

Making a run will also export results to the text file, which you will use to set up your MS Sensor method in the
next step.
Configure EZReporter for an Existing Installation

If you have already set up EZReporter to process results from your chromatography data system, then all you
need to do is modify the Text Export settings as described below.

Open the EZReporter configuration editor and select the “Text Export” option in the “General Settings”
section. Set up the Export Control settings as follows:

Text Export
Export Control = Export Template

Export Options: N

Enable automatic export of results

[] Append results if export file exists

Automatic Processing Control:

I @ Export all results

(O Export only results with no failed alarms
(O Display confirmation window before exporting result

Display only if there are failed alarms

Require comment to export result with failed alarms

Export Directory:

C:\Users\Public\Documents\Diablo EZReporter\Data

Export File Name:

(O Name export file based on Data File name

@ Fixed file name: Export File Extension:

|mss | | txt

(O Name export file based on Sample Name

O Current Date + Time (YYYYMMDD-HHMMSS)

Next, switch to the Export Template tab, and enter the following template:
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{StartCompLoop}
{CompName}{Tab{CompRawAmounty{Tab{CompArea}
{EndCompLoop}

NOTE: If you installed the MS Sensor EZReporter configuration templates as described in “Add EZReporter
Instrument to MS Sensor Method” on page 85, then you can click the “Load” button below the export template
window, and select the export template named, “MS Sensor Text Export.btx”.

Text Export
Export Control

{StartCompLoop}
{CompName} {Tab} { CompRawAmount} {Tab} {CompArea}
{EndCompLoop}

I

Load Save As Undo

When you have completed setting up the export settings, click the “Save” button to save your configuration.

Finally, you should perform a run on your GC and export results to the text file, which you will use to set up
your MS Sensor method in the next step.

Configuring the MS Sensor EZReporter Instrument

After adding a new EZReporter Instrument to your MS Sensor method, you can edit the instrument settings in
the Edit Recipe window.
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Edit EZReporter Instrument Recipe

Instrument Description:

= = Save
Diablo EZReporier|

i Cancel
Folder to Monitor for Results:

|C:\Users\Puinc\Documents\DiabIo EZReporter\Data

Other Settings: Install
Stop run if EZReporter is inactive for (min):

Components

Help

# | Component
w
2 |C0O2

3 | Methane

Add Delete Import

Folder to Monitor for Results

This is the folder that will be monitored for the “mss.ixt” file that is exported from EZReporter at the end of

each run. You should only change this folder if you also change the export folder in the EZReporter Text
Export settings.

Stop run if EZReporter is inactive

If enabled, this option will generate a fatal instrument error if no new results are received from EZReporter
within the specified inactivity period. The fatal instrument error will force the MS Sensor run to stop. If you
choose to enable this option, make sure to set the inactivity period to be comfortably longer than your GC run
plus any additional sample preparation/injection time to prevent runs from being stopped inadvertently.

Components

This table should contain the list of components from your GC results that you would like to be available to
assign to MS Sensor Signals. It is important that the component names in this table match the spelling of the
corresponding component name in the GC report exactly (however, capitalization/case is not important).

You can manually edit and enter the components into this list using the “Add” and “Delete” buttons. However,
it is better to use the “Import” option to import the list of components from the “mss.txt” file exported from
EZReporter. See, “Import Components” below.

Import Components

Clicking this button will retrieve the list of components present in the current “mss.txt” file exported from
EZReporter and allow you to select which components you want to add to the EZReporter Instrument
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component list. You can choose to “Replace” the current component list or “Append” as new components to
the current component list.

Import Components

Components to Import:

Air
CO2
Methane

Replace Append Cancel

This approach is easier than adding the components manually and ensures that the spelling of the component
names is correct.

IMPORTANT: In order to use this option, you must have already set up EZReporter as described in
“Installation and Configuration of EZReporter” on page 85, and exported results to the “mss.txt” file in the
export folder.

Install EZReporter Configuration Templates

Clicking this button copies the MS Sensor EZReporter configuration template and export template files to the
EZReporter templates folder. See either “Configure EZReporter for a New Installation” on page 86 or
“Configure EZReporter for an Existing Installation” on page 89 for instructions on how you can use these
templates to configure EZReporter to export results to MS Sensor.

Adding MS Sensor Signals

Once you have set up EZReporter and the MS Sensor EZReporter Instrument, you can ad signals based on
either the component peak area or amount.
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[u Edit Signal [] X
Signal Description: |ENEe[yE] Save
Instrument: Diablo EZReporter ~

. Cancel
Signal Type: Component Amount e
Signal Parameters: ly
Component Air >~
Create new Raw
Not Needed for this Signal Type [~ Data Channel from
Signal
Other Settings: Create new Calibrated
[ Data Channel from
m Signal

Select the “Diablo EZReporter” Instrument, and then either a signal type of Component Amount or
Component Area. Next, select the desired component from the Signal Parameters.

Refer to “Signals” on page 23 for more information on the various signal options.

MS Sensor 4.0 Reference Manual 93






Modbus Slave Server

Overview

The MS Sensor Modbus Slave Server provides Modbus TCP Slave functionality to communicate results to
industrial process control computers and programmable logic controllers (PLCs). Data Channel results can
be assigned to a Modbus register for a Modbus Master to read.

Modbus Module Specifics

The Modbus implementation provided by MS Sensor 4.0 includes the following:

¢ Implements Modbus TCP only. Modbus via serial communications (RS-232, RS-422, RS-485) is not
currently supported.

e Supports both Modicon and Enron/Daniel addressing.

e Supports both single-precision Float and Int32 data in addition to standard Discrete/Bit/Boolean and
Int16 data. With Modicon register addressing sequential registers are used for Float and Int32 data,
and the upper and lower sets of bytes can be swapped.

e The Modbus registers are read only. Write commands are ignored.

What is Modbus

From the Frequently Asked Questions (FAQ) page of the Modbus organization’s web site:

“Modbus Protocol is a messaging structure developed by Modicon in 1979. It is used to establish master-
slave/client-server communication between intelligent devices.”

http://www.modbus.org/fag.php

Modbus provides a standard way to transfer data between a data generating device like MS Sensor (the
Slave) and a data consuming device like a programmable logic controller (PLC), human-machine interface
(HMI), supervisory control and data acquisition system (SCADA), or other process control system.

A more detailed description of Modbus is beyond the scope of this manual. Visit the Modbus organization’s
web site using the link above for more information.
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About Modbus Registers

With Modbus, a Slave device makes data available to a Master device through a “Register” that exposes
numeric data held in an internal data table. Each register in each data table has a unique address so that the
Modbus Master knows how to access specific results.

Important: The Modbus standard defines 4 data tables, each with registers that can be addressed individually
— two of those data tables hold read-only data, while two hold read/write data. Since the MS Sensor Modbus
Slave Server is read-only, it combines the two Int16 data tables (containing Holding and Input Registers) and
the two Boolean/bit data tables (containing Coils and Input Discretes) to provide two read-only data tables.
The Modbus Master can still be configured to read all four types of tables, but the underlying data is the same
for each of the two types of data.

Modicon Floating Point and 32-bit Integer Support

The original Modbus standard only supported two types of data: 16-bit integer (Int16) and single-bit
(Boolean/Discrete) data. Since signed 16-bit integers must fall in the range of -32,768 to +32,767, this
provides a very limited option for exchange of data - particularly since most of the results generated by
modern analytical instrumentation are floating-point (for example, 1.23456).

Fortunately, since both single-precision floating-point data and 32-bit integer data can be represented by two
16-bit integers, it is possible to use two sequential Modbus Int16 registers to hold those integers. One
complication is that there is no official standard for which register should contain which integer, and different
Master devices may handle this “byte order” differently. To address this complication, the EZReporter 4.0
Modbus Module provides an option to swap Int32 and Float bytes.

Important: By default, the EZReporter Modbus Module limits Modicon register addresses for both the
Holding/Input table and Coils/Discretes table to a range of 1-2000 in order to simplify management of the
Modbus configuration.

Enron Floating Point and 32-bit Integer Support

Some Master devices support an alternative to the standard Modicon approach of using two registers to hold
32-bit Floats and Int32 data. This alternative approach is generally referred to as “Enron” or “Daniel”
addressing. In this approach, 32-bit Floats and Integers can be held in single registers. However, the
registers are restricted to specific address ranges:

Enron Int32 Address Range: 5000-6999
Enron Float Address Range: 7000-8999

Important: If you have added Float or Int32 results to your Modbus configuration and switch from Modicon-to-
Enron or Enron-to-Modicon addressing, the Modbus Module will automatically re-assign the register
addresses to the correct range.

Configuring the Modbus Slave Server

The MS Sensor Modbus Slave Server is configured by selecting the “Modbus Settings” option in the Method
Editor.

96 MS Sensor 4.0 Reference Manual



Modbus Slave Serv

er

Edit Modbus Settings

Modbus Registers:
Save

# | Register | Register Type Data Type Result

Cancel

Help

Madbus Settings:

Add Register | | Add Channels | | Edit Selscted | | Delste Selected

Configure Server Settings

To begin using the Modbus module, you should first configure the Modbus Server and Modbus register
addressing settings. Click the “Edit Server” button located on the Modbus Settings Window.

The Modbus Server settings can usually be left at their default values. However, it is very important that the
Modbus Register Settings match the settings that the Modbus Master will use in order for the results
contained in the registers to be read correctly. This is particularly important for “Float” and “Int32” results
(which represent most of the results from MS Sensor).
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Modbus Server Settings

s

Host MName: Peregrine

Server Settings:
9 Save

HostIP Address: 10514175 Cancel

TCP Port: 502 Timeout(msec): |1000

] Automatically start Modbus Server an program startup

Modbus Register Settings:
® MODICON Addressing [] Swap Float Bytes
(O Enron/Daniels Addressing [] Swap Int32 Bytes

Modbus Address Shift (default = -1)

Channel Register Update Delay:
Delay channel register update after valve switch

Delay/Gate Period (sec):

SelectValve Signals to Trigger Delay:

Valve Position

Server Settings

The following settings apply to the Modbus Slave Server.

TCP Port

This is the TCP port on which the Modbus Slave Server will listen for connections from a Modbus Master.
The default port for Modbus TCP is port 502.

Timeout

This Timeout value is used by the Modbus Slave Server to determine if a Modbus Master is connected to the
Server. If the timeout period expires without a message being transmitted from a Master, then the Slave
assumes there are no Master devices connected.

The Timeout setting in milliseconds should be equal to or longer than the polling rate of the Modbus Master
(the rate at which the Modbus Master checks for new results). If you set the Timeout to a value that is too
short, then the Server may not be able to detect reliably when a Modbus master has connected. If you set the
Timeout to a value that is too long, then the Server will not detect that the Modbus Master has disconnected
until after the Timeout period has expired. The default Timeout value is 1000 milliseconds (1 second).
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Slave ID

Each Modbus Slave device can be addressed by a unique ID number in the range 1-247. Make sure that the
Modbus Master is using the correct Slave ID when connecting to the MS Sensor Modbus Slave. The default
Slave ID is 1.

Host Name

The host computer name. This is a read-only value that cannot be changed.

Host IP Address
The IP address of the host computer. This is a read-only value that cannot be changed.

Note: The IP address displayed is for the primary network adapter, which is the first adapter in the binding
order.

Modbus Register Settings

See “About Modbus Reqgisters” on page 96 for details on Modbus registers and addressing.

Modicon Addressing

This option specifies the standard Modbus “Modicon” addressing protocol. 32-bit floating point and integer
values are represented by two 16-bit integers placed in sequential registers. To accommodate master
devices with different expectations for which integer should be placed in which register, the Modbus module
provides an option to swap the “byte order” for Float and Int32 data.

Enron/Daniel Addressing

This option specifies the alternative Enron/Daniel addressing protocol. If you choose this option, the Int32
and Float results will be restricted to the following specific register address ranges.

Enron Int32 Address Range: 5000-6999
Enron Float Address Range: 7000-8999

Important: If you have added Float or Int32 results to your Modbus configuration and switch from Modicon-to-
Enron or Enron-to-Modicon addressing, the Modbus Module will automatically re-assign the register
addresses to the correct range.

Switch to Enron Addressing 2

Are you sure you want switch from MODICOM to Enron addressing? All
I ', registers with float and int32 data types will be reassigned autormatically
to Enron addresses,

oK | | Cancel

. o

Modbus Address Shift

Some Modbus Master devices may start counting the location of data in the data tables at 0, while others may
start counting at 1. The Modbus Address Shift setting allows you to account for these “counting” differences.
In general you will use either a value of “0” (typically for PLCs) or “-1” (the default value).
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Channel Register Update Delay

These settings allow you to delay the update of all channel registers for a user-defined time/gate period after
a stream selection valve has changed position. This prevents signal disruptions caused by pressure/flow
fluctuations and sample purging after a valve has been switched to a new source/stream from being reflected
in the Modbus Chanel Register values.

Delay/Gate Period

The period of time, in seconds, after a valve change has been detected that the Modbus Channel Registers
will retain their current value and not be updated. The correct value should be determined experimentally and
will depend on the details of the specific application including the dead volume of the sampling system and
sample flow rates.

Important: It is important for the delay period to be less than the hold time for the positions/steps in the valve
sequence.

Valve Signals to Trigger Delay

This list will contain all of the Signals in the current method that are linked to a Valve Controller Instrument (for
example, MPValve Sequencer). You must select (check) each valve signal in the list that you want to be
monitored for position changes. If the response of one of the checked/selected signals has changed since
the last channel update, the gate/delay period will be started and the Modbus channel registers will remain at
their current value until the gate/delay period has ended.

Note: If there are no valve controller signals present in the current method, then these options will not be
available.

Add or Edit Register

The MS Sensor Modbus Slave Server provides a couple of easy ways to add registers to the registers table.
You can add single registers or you add a range of registers containing data channel results.

Add a Single Register

To add a new register to the Register Table in your Modbus settings, click the “Add Register” button on the
Modbus Settings window:

100 MS Sensor 4.0 Reference Manual



Modbus Slave Server

Edit Modbus Register

Select Result:

Save
Data Channel Response
Run Time
Run Status Cancel

Instrument Status

Hydrogen w

The currentresponse of the specified MS Sensor Data Channel.

Select Modbus Register:
Data Type: float

|1 o

Register Type: Input/Holding Register (2X)

Result Descrption:

Hydrogen: Data Channel Response |

You select from a list of supported MS Sensor results. A description of each result is displayed when it is
selected. Note that some results require an additional parameter to be selected: for example, if you select a
Data Channel Response result, you must also select the specific data channel. If an additional parameter is
required, a drop-down list box is displayed allowing you to select from a list of items:

Select Result

Data Channel Response
Run Time

Run Status

Instrument Status

Hydrogen ~

The current response of the specified MS Sensor Data Channel.

After selecting the result for this register, you must next select the register address that the Modbus Master
will use to access this specific result (see “About Modbus Registers” on page 96 for more information on
Modbus registers and addressing).

Select Modbus Register:

Data Type: float

1 v

Register Type: Input/Holding Register (2X)
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A list of available register addresses is pre-loaded into the list box. This list will not include addresses that
have already been assigned to other registers, and the range of addresses available will depend on the type
of addressing you are using (Modicon vs Enron/Daniel). While it is possible to enter a register address
manually, it is safer to select from the list so that you don’t choose an invalid address.

The Data Type (Boolean, Int16, Int32, or Float) for the selected result is displayed along with the
corresponding register type. If you are using Modicon addressing and the result is either a Float or Int32,
then “2X” is also displayed indicating that this result will occupy two sequential registers (at the selected
address and the next higher address).

Finally, you can enter a description for this register/result. This description is displayed in the register table to
help identify each register:

Result Description:

|Hydrogen: Data Channel Response |

After setting up the register, click the “Save” button to add the new register to the end of the Register Table.

Add Data Channel Registers

If you want to add a Data Channel Response result for multiple channels to the register table, click the “Add
Channels” button on the Modbus settings window.

First, choose from the list of channels defined in the method that is currently loaded — the channels that are
checked will each be assigned to an individual register. You can click “Select All” button to check all of the
components or “Select None” to uncheck all of the components.

Add Channel Registers
Select Channels:
— oK
# | Select | Channel Description A
1 Chan1 Hydrogen Cancel
2 Chanz  Helium
3 Chan3  Methane
4 Chand  Water
5 Chans  Nitrogen
6 Chant  C2(28)
7 Chan7  Oxygen
8 Chang  Argon
g Chang  C3{43)
10 Chan10  Carbon Dioxide
11 Chan1l C4(57)
12 Chan12 PFTBA (69) v
Select All Select None
Staring Register Address:
1 ~

The registers will be assigned sequential addresses starting with the address specified as the “Starting
Register Address”. The address list box is pre-filled with available starting addresses. Note that if the
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selected result is a Float or Int32 and you have specified Modicon addressing, then each result will occupy
two sequential addresses.

After making your selections, click the “Save” button. A new register will be added to the end of the register
table for each of the components that were checked:

Edit Modbus Settings
Modbus Registers:
Save
# | Register | Register Type Data Type Result o)
1 1 inputRegister  float Hydrogen Cancel
2 3 inputRegister  float Helium
3 5 inputRegister  float Methane
4 7 inputRegister float Water Print
5 9 inputRegister float Nitrogen
6 11 inputRegister  float C2(29) Help
7 13 inputRegister  float Oxygen
8 1% inputRegister  float Argon
9 17 inputRegister  float C3(43)
10 19 inputRegister float Carbon Dioxide
m 21 inputRegister  float C4(57)
12 23 inputRegister  float PFTBA (63)
13 75 innutRanistar flnat "R 711 v
Modbus Settings:
Add Register Edit Selected Delete Selected Edit Server

Delete Registers

To delete a register from the register table, select desired row(s) in the register table and the click “Delete
Selected”

Modbus Registers:

Save
# | Register | Register Type | Data Type Result
1 1 inputRegister  float Hydrogen Cancel
2 3 inputRegister  float Helium
3 5 inputRegister float Methane
4 7 inputRegister  float Water Print
5 9 inputRegister float Nitrogen
6 11 inputRegister  float C2(29) Help
7 13 inputRegister float Oxygen
8 15 inputRegister  float Argon
9 Delete Register
10
n
12 o Are you sure you want to delete & selected register(s)?
13
14
15 29 inputRegister  float Samp e e

Modbus Settings:

Add Register Add Channels Edit Selected Delete Selected Edit Server

The “Delete Registers” option allows you to delete multiple registers from the register table at once by
selecting the rows of all of the desired registers to be deleted. You will be prompted to confirm the deletion
since deletion is not reversible.
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Print Modbus Configuration Report

You can print a report of the current Modbus configuration (Server settings and Register Table) by clicking the
“Print” button on the “Modbus Settings” window.

Modbus Slave Server

Using the Modbus Slave Server

If there are Modbus registers defined in a method, the Modbus Slave Server window will be displayed when

you initialize acquisition.

- Modbus Slave Server EI &3
iModbus Server Status | | Modbus Registers |

TCP Hostname

TCP HostIP Address 1056514174

TCP Port (502 Default) 502

Slave ID 1

Master Transmit Timeout (msec) 1000

Register Addressing Mode Maodicon

Server Started 10/18/2018 92418 AM

Server Up Time 00:00:46. 7504714

Modbus Master Connection Status: False

Total Message Transfer Count 0

Successful Message Transfer Count 0

Modbus Server:

Modbus Server started on TCP interface
Stop Server Help

The Modbus Slave Server window has two tabs: a Status tab that displays information about the server
status, and a “Registers” tab that displays a summary of the registers that have been defined in the method,

and their current value.

Starting the Server

In order for a Modbus Master to access the results in the Modbus register table via a TCP connection, the
Modbus Slave Server must be started. To start the Server click the “Start Server” button on the Modbus

Slave Server window.

Modbus Server:

Mo

| Start Server

dbus Serveris Offline

Help

104
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Note: You can also configure the Server to start automatically whenever MS Sensor acquisition is initialized.
See “Configure Server Settings” on page 97.

Windows Firewall Exceptions

If the Windows firewall is enabled on your system, you should see the following Windows Security Alert the
first time you start the server. Make sure you check the appropriate networks, and then “Allow Access” to add
exceptions for the MS Sensor software to the firewall.

Important: If you are using a third-party firewall you will need to add exceptions manually for the EZReporter
program and TCP Port you have selected (502 by default). Please refer to your firewall documentation for
instructions.

i Windows Security Alert X

@ Windows Defender Firewall has blocked some features of this
app

Windows Defender Firewall has blocked some features of Diabla MS Sensor 4.0 on all public,
private and domain networks.

B Mame: iablo MS Sensor 4.0
Publisher: Diablo Analytical, Inc.

Path: C:'\program files (x88)\diablo ms sensor 4.0'mssensor.exe

Allow Diablo MS Sensor 4.0 to communicate on these networks:
Domain networks, such as a workplace network

[JPrivate networks, such as my home or work network

[]Public networks, such as those in airports and coffee shops {not recommended
because these networks often have little or no security)

What are the risks of allowing an app through a firewall?

Gmlow access Cancel

Modbus Server Status

The current status of the Modbus Slave Server is displayed on a color coded panel on the main Modbus
Server panel:

Modbus Server:

| Modbus Server started on TCP interface

The Modbus Server status will display one of the following status messages:

Status Color Description

Offline Gray “Modbus Server is Offline” or “Modbus Server stopped by
user’

Starting Yellow “Starting up Modbus Server ...”
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Started Green “Modbus Server started on TCP interface”
Shutting down Yellow “Shutting down Modbus Server ...”
Error Red Details of the error message will be displayed

Stopping the Server

If you want to stop the Modbus Slave server, click the “Stop Server” button on the main Modbus Module
panel:

Modbus Server:

Modbus Server started on TCP interface

Note: If the server detects that a Modbus Master is connected, you will be prompted whether or not you want
to stop the Server. If you stop the Server with a Modbus Master connected, the Master will experience errors
since the Slave will no longer respond.

- | |'\

Stop Modbus Slave Server L J

I.-"'_"‘-. There appears to be a Modbus Master connected to the Modbus Slave
W Server. Areyou sureyou want to stop the Server now?

ves || Mo

. 4

Note: When you exit the Acquisition Control Panel, the Modbus Slave Server will be stopped automatically.

Modbus Register Table

The Modbus Registers table contains the list of registers that are currently defined.
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T! Meodbus Slave Server EIEI
Modbus Server Status ~ Modbus Registers
# | Register | Register Type | Data Type Result WValue ~
1 inputRegister  float Hydrogen 5152387
2 3 inputRegister float Helium 1631423
3 5 inputRegister float Methane 1483.092
4 7 inputRegister float Water 3048174
5 9 inputRegister float Mitrogen 3030531
B 11 inputRegister  float C2(29) 1029954
7 13 inputRegister  float Oxygen 8854.075
8 15 inputRegister  float Argon 4505.335
9 17 inputRegister  float C3(43) 2482162 y
< >

Modbus Server:

Modbus Server started on TCP interface

Stop Server Help

The Register Table includes the following columns:

#: The ID/Index number for the register.

Register: The address of the register that the Modbus Master will use to access this specific
result. Note: In Modicon addressing mode, Float and Int32 data types will
occupy two sequential registers (Register and Register +1).

Register Type: The Modbus table where the data for this result is stored. The Modbus Module
stores results in two types of data tables: “inputRegister” (for Holding and Input
registers) and “discretelnput” (for Coils and Input Discretes). The register type
used is determined by the data type of the result.

Data Type: The data type defined for the result. Options include Boolean (bit/discrete), Int16
(short, 16-bit integer), Int32 (long, 32-bit integer), and Float (single-precision
floating point).

Result: The result description for the register.

Value: The current value of the register.

Updating Register Results

If the Modbus Slave Server is running, then the numeric values for each of the registers in the Modbus
Register table will be updated whenever results are updated by MS Sensor during acquisition. The current
value of each register is displayed in the “Value” column of the register table.
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# Register Register Type Data Type Result Value A

1 1 inputRegister float Hydrogen 3859.892
ZI 3 inputRegister float Helium

3 5 inputRegister float Methane 2184.763

4 7 inputRegister  float Water 5049062

5 9 inputRegister float Mitrogen 1640.066

6 11 inputRegister  float C2(29) 153756

7 13 inputRegister float Oxygen 101915

8 15 inputRegister float Argon 6261.207

9 17 inputRegister  float C3(43) 4246.81 v
<’ R D >
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Valve Sequencer Overview

The MS Sensor integrated valve sequencer allows you to control and time sequence Valco Instruments (VICI)
two-position and multi-position/selector valves via the RS-232 or USB serial interface. The valve position
changes during a run are displayed in the event log and optionally as event markers on the real-time trend
plots.

Valve Sequencer Requirements

The MS Sensor valve sequencer is designed to interface to Valco/VICI valves using either the EMH /EMT and
EH/ET series micro-electric actuators or the EUH and EUT series “Universal” actuators using the RS-232 or
USB serial communication interface. Please contact VICI for information about their valves and actuators:

Valco Instruments Company, Inc. (VICI)

http://www.vici.com

Configuring the Valve Sequencer

The valve sequence settings are accessed in the main method tree. You can either double-click the “Valve
Sequence Settings” item in the method tree, or click the “Edit > Valve Sequence Settings” menu option to
display the sequence editor.
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== Edit Method [Valve Seguencer.mssmet] — O X
File Edit
: 1~ v
: e (®=)
EE W = B el T s P
: New QOpen | Save S5Save As | Methad Settings | Add Instrument Add Signal Add Calculation Add Channel | Acg. Settings -
EE Method Method C:\Users\Public\Documents\Diablo MS Se
[ Instruments Method Description | New Method
|Ii Signals Data Folder C:\Users\Public\Documents\Diablo MS Se
&2 Calculations
ﬂ Channels
Acquisition Settings
|| Modbus Settings

-7 Valve Sequence Settings

Configure Valves

In order to create a valve sequence, you must first define the valves that will be used in the sequence on the
“Configure Valves” tab.

¥ Edit Valve Sequence Settings

Configure Valves ‘ Sequence Table | Sequence Options Sa
Configured Valves:

Valve # | Description | Valve Type | # Positions | Actuator | Serial Port

Help

IEII
g 3

Edit Sequence

The current method indudes no valves. Do you want to add and
configure a valve now? You will be unable to add steps to the

sequence without a valve configured.

| Delete |

Click the “Add” button to add a valve to the current method. The “Configure Valves” window will be displayed:
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" Configure Valves X
Valve Configuration:
Save
Valve: Valve #1 |
Cancel
Description: |
Configuration |
Serial Communication Settings: Help

Serial Port: Timeout (msec):

COM1 v 4000 Test

Actuator Type:
O Microelectric (EMH, EMT, EH, ET, Etc.)

@ Universal (EUH, EUT, EUD, Etc.)

Valve Type:

@® Multi-position: Number of Positions (4-32) 16 A

(O Two-position with Stops (injector/switching)

Port Labels:
Port Label ~

Port 2
Port 3
Port 4
Port 5
Port 6
Port 7
Port 8 v

00 =l @ | Lo M| =

Description

The valve description can be changed to any desired text to better describe the function of that valve (“Stream
Selection” for example). This description is displayed along with the valve number on the Valve Sequence
window during acquisition.

Serial Communication Settings

The VICI actuator control modules use fixed serial communication parameters, so you only need to select the
Serial Port and optionally the Timeout setting. The timeout setting is in milliseconds and can be changed to a
longer value in the event that you experience unexpected timeout errors during a run.

Once you have set the Serial Port, Actuator Type, and Valve Type to their proper settings for the selected
valve, you can click the “Test” button to confirm that serial communication is working correctly. If serial
communication is functioning, you should see a window that displays the firmware information for the actuator
control module:
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Communication Established *

0 Communication established with valve actuator/controller.

Firmware ID; Jun 23 2015
15:13:34
UA_MAIN_EQ

OK

If serial communication is not functioning correctly a “Timeout” or other error message will be displayed. If
this happens, check that you have selected the correct serial port, the valve/actuator is powered, and the
serial or USB cable is properly connected between the computer and valve/actuator.

Actuator Type
Select whether you are using a VICI “micro-electric” or “universal” actuator with this valve.

Micro-electric actuator part numbers will generally start with “EMH” or “EMT” for multi-position/selector valves,
and “EH” or “ET” for two-position/switching valves.

Universal actuators can control either multi-position/selector valves or a two-position/switching valves. Part
numbers for the universal actuator generally start with “EUH” or “EUT”

Please contact VICI if you are unsure what kind of actuator you are using.

Valve Type
Select whether the valve is a multi-position/selector valve, or a two-position/switching valve.

Important: The Valve Sequencer currently only supports two-position/switching valves with stops. This is the
most common type of VICI two-position valve used in typical applications. However, please contact VICI if
you are unsure what kind of valve you are using.

Positions:

For multi-position/selector valves, the actuator needs to know the number of positions there are in a full
rotation of the installed valve. Enter the number of positions into the text box. The exit port on a multi-
position valve should not be included in this count.

Find Stops:

If you are using a two-position valve with stops and the universal actuator, the “Find Stops” button will be
enabled. When you click this button, the valve sequencer will attempt to connect to the actuator, and if
successful will instruct the valve to find the valve stops automatically.

Important: Make sure that you are connected to a two-position valve with stops before using this command.

Port Labels

You can add descriptive labels for each port/position on the valve. These descriptive labels are displayed
along with the port/position number on the Valve Sequence window during acquisition.
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The Sequence Table

Once you have configured the valves that will be controlled during the sequence, you can create a sequence
table. Each sequence step is defined by a “Step Type”, “Valve”, “Valve Port/Position”, and hold time. The
sequence steps are applied in the order shown in the sequence table.

3

"% Edit Valve Sequence Settings

Configure Valves  Sequence Table | Sequence Options ‘ —

Sequence Table:

Step- | Step Type Valve | Position | Hold Time (min) Cancel

"+ Edit Sequence Step

Import
Step Type:

| SequenceStep

Help

Valve:
| valve 1

Position:
[mport 1

Hold Time (minutes):

lo

Add Step | EditStp | DeleteSteps  Add Range

Add/Edit Sequence Step

To add a new step to the sequence, click the “Add” button. The new step will be appended to the current
sequence table.

" Edit Sequence Step X

Step Type: Save
|SequenceStep e ‘

Cancel

Valve:
[1] Valve 1 v|

Position:

Help
[1]Port 1 v|

Hold Time (minutes):
0 |
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Step Type
There are three types of sequence steps:

PreRun: PreRun steps are executed while the MS Sensor run is in the “PreRun” state. All PreRun steps must
be completed before the MS Sensor run will reach “Ready” status. PreRun steps are typically used to purge
the valve and sampling system lines before the run is started.

SequenceStep: SequenceSteps are executed in the order they are listed in the sequence table once the MS
Sensor run is started. When all of the SequenceSteps have been executed, the sequencer will proceed
based on the “End of Sequence” setting you have selected.

PostRun: PostRun steps are executed after the MS Sensor run had finished. You might use a PostRun step
to purge the valve and sample lines with an inert gas.

PreRun and PostRun steps are displayed with a yellow background in the sequence table, while
SequenceSteps are siplayed with a green background.

Valve

Select the valve that will be used for this step from the list of configured valves.

Position
Select the new position/port for the selected valve.
Hold Time

Set the hold time in minutes that the sequence will wait before continuing to the next step.

Add Range

The "Add Range" button can be used to append multiple steps to the sequence table.

Add Range of Seguence Steps X

Define Range of Steps to Add:

Add

Valve:

[1] Valve 1 .

Cancel

Starting Position: Number of Steps:
1 v

Hold Time
0 |

Valve

Select the valve that will used for the range of sequence steps.

Starting Position
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Select the first valve position/port you want to add to the sequence table.

Number of Steps

Enter the number of steps that should be added to the sequence table. A positive number will result in the
valve position being incremented in each step. A negative number will result in the valve position being
decremented in each step. The valve position will "wrap" if the starting position and number of steps exceed
the maximum number of positions available on the valve.

Hold Time
Enter the hold time to enter for each step in the range.

Delete Steps

Click the “Delete” button to delete the step(s) currently selected in the sequence table. You can select a
sequential range of steps to delete by selecting the start of the range and shift-clicking the end of the range.
Rearrange Steps

You can reorder steps in the sequence table by left click the step number of the desired step, and dragging it
to a new location in the sequence table.

Note: you can only move steps within the same region of the sequence table. You can’t, for example drag a
sequence step into the pre or post sequence section. If you want to change a sequence step to a different
step type, you must edit the step and change the sequence type manually.

Sequence Options

The Sequence options allow you to define the general behavior of the sequence.
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Configure Valves | Sequence Table S[\quence Options |

Sequence Control:

[ | Disable sequence

End of Sequence:
(O Repeat Continuously
(O Stop After Cycles:
(O Stop After Minutes:

@ Stop Sequence

[] End MS Sensor run when sequence ends

Other Settings:

[| Display valve switch event markers on trend plots

Sequence Control
Disable Sequence

This option is used to temporarily disable the execution of a sequence when you make an MS Sensor run. If
this option is checked, the Valve Sequence window will not be displayed during acquisition, and the sequence
won'’t execute.

End of Sequence

These settings determine what happens after executing the last line in the SequenceStep section of the
sequence table.

Repeat Continuously

The sequence will repeat continuously until stopped by the user.

Stop After Cycles

The sequence will stop and execute any post-run steps after repeating the sequence the specified number of
cycles. A “cycle” is defined as one complete pass through the Sequence Steps section of the sequence table.
If you select this option, you must enter the number of cycles to execute.

Stop after Minutes

The sequence will stop immediately and execute any post-run steps after running for the specified number of
minutes. If you select this option, you must enter the desired number of minutes.
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Note: If you don’t select the “End MS Sensor run when sequence ends” option below, the MS Sensor run will
continue after the sequence has stopped. In addition, when the MS Sensor run stops, the valve sequence will

always be stopped.

Stop Sequence
The sequence will stop and execute any post-run steps after executing the last line in the sequence table.

End MS Sensor run when Sequence ends

If you check this option the MS Sensor run will be stopped when the valve sequence stops. If this option is
unchecked, then th MS Sensor run will continue after the sequence stops.

Other Settings

Display valve switch event markers

If you check this setting, vertical event markers will be added at the run time that corresponds to each time a
valve is switched to a new position during the run. Each event marker includes a label at the top indicating

the new valve and position (V:N, P:N).
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Import MPValve Sequencer Sequence

Click the “Import” button to load a sequence file that was created for the MPValve Sequencer software. You
will be presented with a file browser to select the desired sequence file to import. MPValve Sequencer
sequence files have a “.SEQ” file extension and will be located in one of two locations:

1) If the sequence file was created for use with the MS Sensor MPValve Sequencer instrument plugin, it
will be located in the MS Sensor “Methods” folder:

C:\Users\Public\Documents\Diablo MS Sensor 4.0\Methods
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2) If the sequence file was created for use with the standalone MPValve Sequencer program it will be
located in the Diablo MPValve Universal installation folder:

C:\Program Files (x86)\Diablo MPValve Universal

Important Note: The MPValve Universal valve configuration is stored separately from the sequence file.
Consequently, it is possible for the current valve configuration to be incompatible with an older sequence file.
If such an incompatibility is detected when importing the sequence file, the valve sequencer will create the
required number of valves for the imported sequence. However, you must edit those valve configurations to
make them consistent with both your valves and sequence.

Once the sequence file has been imported, you should review the resulting valve configuration, sequence
table, and sequence options to confirm they are correct. In addition, you can add valve descriptions and port
labels.

Running a Sequence

If you have created a sequence table with one or more steps, and you have not checked the “Disable
Sequence” option, the “Valve Sequence” window ill be displayed when you click the MS sensor “Acquire”
button to start a run. This window allows you to monitor execution of the sequence during the MS Sensor run.

== Valve Sequence IEI &3

Sequence Table:

Step Step Type Valve Position Hold Time (min.) ~
rERun [2] Source Stream Selection [1] Reactor Stream 0.25
1 SequenceStep [1] Reactor [1] Reactor 1 0.25
2 SequenceStep [1] Reactor [2] Reactor 2 0.25
3 SequenceStep [1] Reactor [3] Reactor 3 0.25
4 SequenceStep [1] Reactor [4] Reactor 4 0.25
5 SeauenceSten 11 Reactor I5]1 Reactar 5 025 hd
Valve Table:
Valve # Status Description Position
1 Reactor [4] Reactor 4
2 Connected Source Stream Selection [1] Reactor Stream

Sequence Status:

Ready Cycle: 0 Step: -1000
Valve: 2 Position: 1 Hold: 0.00
Source Stream Selection Reactor Stream

The acquisition Valve Sequence window has the following sections:

Sequence Table

The current sequence table is displayed in this window. PreRun and PostRun steps are displayed with a
yellow background, while the SequenceSteps are displayed with a green background. The step that is
currently executing will be selected automatically, and during the run will be displayed with a blue
background.
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Valve Table

The current valve configuration is displayed n this section. The valve table includes the current valve status,
valve description, and the current position/port. If you click the position cell for a particular valve in the valve
table, a button ([...]) will be displayed. If you click that button a window will be displayed allowing you to
control the valve position manually outside of the sequence. See “Manual Control of Valve Position” below for
more information.

Sequence Status

The current status of the sequence is displayed in this section, including the sequence run status, current
cycle, and the current step, valve, and position being executed. A progress bar displays the progress of the
current hold time.

Manual Control of Valve Position

You can control the position of any of the valves in the valve table by clicking the “Position” cell and then the
“[...]” button that appears on the right edge of the cell to display the Manual Valve Control window.

-

w =] B ] &3
Sequence Table:
Step Step Type Valve Position Hold Time (min.) A~
-1000 [2] Source Stream Selection [1] Reactor Stream 0.25
1 SequenceStep [1] Reactor [1] Reactor 1 0.25
2 SequenceStep [1] Reactor [2] Reactor 2 0.25
3 SequenceStep [1] Reactor [3] Reactor 3 0.25
4 SequenceStep [1] Reactor [4] Reactor 4 0.25
5 |SeauenceStep [1]1 Reactor [5] Reactor 5 0.25 v
< >
Valve Table:
Valve # Status Description Position
1 Connected Reactor [10] Reactor 10
2 Connected Source Stream Selection [1] Reactor Streg
Manual Valve Control >
Valve:
[1] Reactor ~[| F

Sequence Status: ] I

Go To Position:

Online Step
<- [10] Reactor 10 ~ =5
rold: 0.00

Valve

You can increment (->) or decrement (<-) the position of the selected valve, or send the valve to a specific
position by selecting it in the “Go To Position” list.
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Important: You should close the Manual Valve Control window once you have finished since it may interfere
with other MS Sensor functionality.

Valve Sequence Data

Valve switch events and the position of valves during a run are displayed in the event log, real-time data
table, and optionally as event markers on the real-time trend plots. In addition the valve position at each point
in the acquisition is saved in the MS Sensor data file.

Real Time Data Grid

Additional columns will be added to the real-time data table for each valve configured in the method. The
columns are added immediately after the run time column and are given a column heading of the valve
description.

-

=2] Real-time Data Table |E”E| £3
Run Time (min.) || Reactor | Source Stream Selection | Nitrogen (Raw) Nitrogen (Cal) Argon (Rav »
U.35] pd I {TU4BB.US 1832/ TUS  TUDT.UYBB7/018720  7025.U0463
0.41 2 1 110909.9825614772 1114.48212043854 7444.7087
0.45 2 1 110982.3976480715 1111.41084363498 7182.330
0.48 2 1 110924.1046312285 1105.32301971135 7167.0286
0.51 3 1 111444.0385941205 1162.98099801017 7185.5212
0.55 3 1 | 11370.886822417 1186.54130980037 7248.8066
0.58 3 1 111432.0480800628 1204.32267806398 7448.3919
0.62 3 1 111421.4503881608 1155.57049260825 7505.9676
0.65 3 1 |11087.6266449711 1123.40981122076 7742.4893
0.68 3 1 |11152.4493675552 1147.58321180092 7199.010
0.72 3 1 111909.4333088325 1212.40750151582 7082.8982
0.75 3 1 |12690.4368608232 1288.73865184302 7354.9915
I | N .32 R AT
< . >
Event Log

Each valve position change is automatically recorded in the event log:
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-

=] M5 Sensor Event Log EXIERPS

Today - Al Events: 30163 | 4 [Errors: 976 < Wamnings:22| 3 ()

Event ID | Description

30153 Valve Position Change - Valve: 1, Position:
30154 Valve Position Change - Valve: 1, Position:
30155 Valve Position Change - Valve: 1, Position:
30@6 Valve Position Change - Valve: 1, Position:
30157 Valve Position Change - Valve: 1, Position:
30158 Valve Position Change - Valve: 1, Position: 9

30159 Valve Position Change - Valve: 1, Position: 10

30160 Valve Position Change - Valve: 1, Position: 11

30161 Valve Position Change - Valve: 1, Position: 12

30162 Valve Position Change - Valve: 1, Position: 13

30163 Valve Position Change - Valve: 1, Position: 14 v

00 =~ o U =

Trend Plots

As described in “Other Settings” on page 117, you can enable valve switch markers on the real-time trend
plots:

| Raw Response [1] EI 83
CliElialebabzdal & e[ 2]
] Raw Response -
™ 0 =+ Ly o r~ w o —
a a a a a o a a a
g 15000 = = = 3 T//Z/\’;\—\?\WE
P S —
o |~ m_f-a\_/"‘
© 10,000 |- e
e .-/"\____ﬁ_\__ _________r‘_‘-_-'
g _,_____ﬂh_._f_h_—-"ﬁ e
0 5 00
< 5,000
0 -
07704 0.6 0.8 1 1.2 14 16 1.8 2 2.2 24 26 2.8 3
Run Time (min)
—— Nitrogen (Raw) — Argon (Raw) —— Oxygen (Raw)
——— Carbon dioxide (Raw)

Data Files

Both valve switch events and valve positions during a run are saved to the MS Sensor data file. When results
are exported to CSV/Text files the position of each valve during each acquisition cycle is automatically
included in the data channel results:
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A | B C | D E

1 |test.D Data Channel Results

2 |Data File: op C:\Users\Public\Documents\Diablo MS Sensor 4.0\Data\test.D

3 |Method File: C:\Users\Public\Documents\Diablo MS Sensor 4.0\Methods\Valve Sequencer Demo.mssmet

4 |Operator:

5 |Sample Name: Simulated Data

6 |Sample Description: I I .

a Date Stamp Run Time Reactor Source Stream Selection Nitrogen (Raw) |
8_ 3/25/2020 9:04 0.029543708 1 1 8176.950936
9_ 3/25/2020 9:04 0.067589298 1 1 8800.094041
10_ 3/25/2020 9:04 0.10167675 1 1 9188.514885
1 1_ 3/25/2020 9:04 0.13555166p 1 1 9224.717616
12_ 3/25/20209:05 0.169885108 1 1 9728.13217
13_ 3/25/20209:05 0.203522977 1 1 10385.68794
14_ 3/25/20209:05 0.23789203 1 1 10984.44857
15_ 3/25/20209:05 0.272234 2 1 11122.56557
16_ 3/25/20209:05 0.3058871 2 1 10587.6879
17_ 3/25/20209:05 0.3397204 2 1 10730.39995
Data Viewer

The MS Sensor Data File Viewer has been enhanced to display valve switch event markers from the run. If
valve switch events are detected in the data file, they are displayed automatically:

ﬂ MS Sensor Data Viewer — 0 X
File Help
= = »
5 = W - e
Load Data = Print Report SaveReport ExportData = Help
Sample Information: I — .
{C\Users\Public\Doc | o Ll RS P RS
{uments\Diablo MS
Data File | Sensor Simulated Data [test.mssdata)
4.0\Data\test D\test — o o = - ¢ i o
|mssdata - 0 < o ha = s o =t et i = B = et = o 2 < n
Sample Name SlmulatedData il 500,000 :‘ & ;‘ :: S :‘ = = I = ?3 =2 =3 =3 =1 1 ‘;‘ :‘ ‘:f :
S le D > > > > > > > > > > > > > > > > > > > >
ample Description » 400,000
User .
Acquisition Date 2020-03-25 09:04:29 g\ K000
CiUsers\Public\Doc ¥ ® 200,000
Channels: @«
Display Channel Line Color 100,000 :
%] Nitrogen (Raw) 0
&4 Nirogen (Cal) k2=0.4 06 08 1 12 14 16 1.8 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48
M Argon (Raw)
—— Nitrogen (Raw) —— Nitrogen (Cal) w— Argon (Raw) Argon (Cal)
v Argon (Cal) — Oxygen (Raw) Oxygen (Cal) — Carbon dioxide (Raw) Carbon dioxide (Cal)
] Oxygen (Raw) Sample Pressure Total Ion Signal
4  Oxygen(Cal) Yellow .
“ Carbon dioxide (Raw) _ Range: 0.03- 1156 Nitrogen (Raw) Nitrogen (Cal) Argon (Raw) Argon (Cal) Oxygen (Raw) Oxygen (Cal) Carbon di
& Carbondioxide (Cal)  LightGiay __ [Gursor(000min) | 81769509356850476 676.26295093555464 7770.3238662612621 7.2963450243263761 1248.88699025263%6 7.5072700743027641 941295
E1_Sample Pressure Average 63405367917157009 659.03429611571084 38012627190888643 34611657938234255 21255288136153513 12396865375747893 997256
£ Totallon Sigaal Maximum 12690436860823184  1288.7386518430174  7770.3238662612821 7.2063450243263761 3544 7471114812024  20.943356056871039 1623807
Minimum 3650.5210350919056  374.59517349736706 2089.50468286918 1.8521328012889384 1248.8869902526396 7.2362865930047819 6345.601
Std. Dev. 2237.2120420238989 231.83146887692931 1300.1505322330572 1.1766142469470418 488.40502841903657 2.8658191400653776 2273.923
%RSD 35.284268753821493  35.177451347118534  34.203122181060245 33.994738103755452 22.978047876391731 23.117288549989475 2280179
< < >
Data File: C:\Users\Public\Documents\Diablo MS Sensor 4.0\Data\test.D\test.mssdata

You can toggle the visibility of the event markers by right-clicking the plot window and checking or unchecking
the “Display Valve Event Markers” menu option.
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Simulated Data [test.mssdata)
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Interface Heater Controller

Interface Heater Controller Overview

The MS Sensor Software can control and monitor the MKS S49 interface heater controller. The MKS S49
Thermal Management System includes a custom heater blanket designed for the 5000B RTGA interface, as
well as power and communication modules. The MS Sensor Interface Heater Controller module
communicates with the S49 heater controller via a USB serial interface that uses the Modbus protocol.

% MKS S49 Heater Controller e3

49.9

Actual Temperature (Deg C):

Temperature Set Point (Deg C):

é Set

Connect CMD Enter Standby Show Status Help

Important Notes:

1) The MS Sensor Interface Heater Controller Module is only compatible with the MKS Series 49
Thermal Management System. It is not compatible with the Watlow temperature controller or any
other temperature controllers that might have been used in some versions of the 5000A or 5000B
RTGA.

2) The S49 heater controller operates autonomously. Although you can program and monitor the S49
heater controller using the MS Sensor Interface Heater Controller Module, the S49 will continue to
operate after MS Sensor has been closed. This means the interface will remain at the setpoint
temperature unless you place the controller in Standby Mode.

Refer to the MKS Series 49 Thermal Management System manual for more information.

MKS S49 Heater Controller USB Virtual COM Port Driver

The MKS S49 Heater Controller includes a USB to Serial Converter that is built-in to the USB connector of the
S49 communication cable. This allows the MS Sensor 4.0 software to interface with the controller using the
Modbus Protocol over an RS-232/RS-485 serial connection to a virtual COM port in Windows.
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The required FTDI USB Virtual COM Port Driver may already be included with recent versions of Windows 10
and Windows 11. So, when you connect the S49 USB communication cable to your computer, a virtual COM
port may be installed automatically.

Note: the first time you connect the communication cable to the computer it can take a minute or more for the
driver to create the virtual COM port.

If this is not the case for your version of Windows, then you will need to install the FTDI Virtual COM Port
Drivers. The driver installer may be included on the MS Sensor 4.0 USB distribution drive in the folder, “S49
USB Driver”. If not, you will need to download it from the FTDI web site:

https://ftdichip.com/drivers/vcp-drivers/

Configuring the Interface Heater Controller

The Interface Heater Controller settings are saved in each method and can be accessed in the main method
tree. You can either double-click the “S49 Heater Controller Settings” item in the method tree, or click the
“Edit > S49 Heater Controller Settings” menu option to display the Interface Heater Controller settings editor.

== Edit Method [air method simulator example.mssmet] — O *
File Edit

= =0 G = ) ~,
== o & =74 @ e (e ﬁfﬁ 4 \'0)

New Open  Save Save As Method Settings | Add Instrument Add Signal Add Calculation Add Channel = Acq. Settings = Help
= 7= Method

Heater Controller Settings

&[] Instruments Heater Controller Enabled True
- Igll Signals Temperature Set Point (Deg C) 25
E]:%% Calculations Mc:f:lbus Communication Settings
; Serial Port COM4
D‘ffl Channels Modbus Slave ID 246
L'ijj Acquisition Settings Other Settings
"""" L‘?'” Modbus Settings Enter Standby when Exiting Acquisition | True

------- i Valve Sequence Settings

------- .@) 549 Heater Controller Settings

Interface Heater Controller Settings

The Interface Heater Controller is disabled by default in the method, so you must first check, “Enable S49
Heater Controller” and then edit the other settings.
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549 Heater Controller Settings

Heater Controller Settings:
Enable 549 Heater Controller
Set Point (Deg. C): Cancel

Modbus Communication Settings:
Serial Port:

CcOoM4 v

Modbus Slave ID: S

246 v

Other Settings:

Enter Standby when exiting acquisition

S49 Set Point:

The heater controller will be set to this temperature whenever the method is loaded, and the Heater Controller
Module connects successfully to the S49 Heater Controller.

S49 Modbus Communication Settings:

The Heater Controller Module communicates with the S49 Heater Controller using the Modbus protocol over
a USB Serial (RS-485) connection. However, the only two settings you have to make are to select the Serial
Port and the Modbus Slave ID:

Serial Port: When you connect the S49 Heater Controller USB cable to the computer, a new serial/COM port
will be created automatically. Only COM ports that exist on the computer are displayed in the Serial Port list
box. You must select the COM port that is connected to the S49 Heater Controller.

Important: Make sure the S49 Heater Controller is powered and the USB cable is connected to the computer
before selecting the COM port, otherwise the correct port won’t be present in the list.

Modbus Slave ID: The Modbus protocol allows multiple “slave” devices to be accessed. Each slave device is
assigned a unique ID number from 1 to 246. In the case of the S49 Interface Heater Controller, the ID is set
to a default value of 246. You should leave it at this value unless you have changed it to support additional
heaters on the S49 Modbus network.

Test Button: The “Test” button allows you to check whether the communication settings are correct. This can
also help you identify the correct COM port. When you click the “Test” button, the specified COM port is
opened, and a connection is attempted to the S49 Interface Heater Controller. If the connection is successful,
then a window will be displayed that includes the S49 Firmware Version values:
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Communication Test *

o Serial port opened successfully on: COMA4.

Communication established successfully with 549 Heater Controller at
Slave D 246,

Firmware Version 257 91

OK

If the connection fails, a window will be displayed with the corresponding error message:

Communication Test >

Could not communicate with the 549 Heater Controller using the
! specified settings. The error was: Reply time-out

1) Make sure you have selected the correct serial port and Modbus
slave ID.

2) Make sure the 549 Heater Controller is powered and the USB
communication cable is connected to the computer

OK

If the communication test fails, first check and make sure the S49 Heater Controller is powered and the USB
serial cable is connected to the computer. Next, make sure you have selected the correct COM port and
Modbus Slave ID (which should be set to 246 by default). If you aren’t sure which COM port has been
assigned to the S49, you can repeat the test with each COM port in the list box until the connection is
successful.

Other Settings

Enter Standby when Exiting Acquisition: The S49 Interface Heater Controller is autonomous and will continue
to maintain the current temperature set point when the acquisition has finished, and the MS Sensor software
has been closed. If you would like to have the controller enter “Standby” mode automatically when you exit
the Acquisition window, then you can check this box.

In Standby mode, the controller stops heating and will remain idle until Standby mode is exited, or the heater
controller is power cycled.

Important: Always check the S49 Heater Controller status when you to prepare to start a new run. Ifitis still
in Standby mode, you must click the “Exit Standby” button in order for the interface to be heated to the set
point.

Using the Interface Heater Controller

If you have enabled and configured the Interface Heater Controller, then when you click the “Acquire” button
and the Acquisition Control Panel is displayed, then the S49 Heater Controller window will also be displayed.
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,«“r MKS 549 Heater Controller 0

49.6

Actual Temperature (Deg C):

Temperature Set Point (Deg C):

é Set

Connect CMD Enter Standby Show Status Help

S49 Temperature and Status Display

Actual Temperature: This panel will display either the actual temperature if the heater controller is actively
heating and controlling the interface temperature, or the status if the controller is in Standby or some other
mode. If the controller is in “Standby Mode”, then click the “Exit Standby” button to begin applying heat to the
interface.

Temperature control is active:

Actual Temperature (Deg C):

49.8

Standby Mode is active:
Actual Temperature (Deg C):

Standby

Note: If “Error” is indicated in the Actual Temperature display, then check the MS Sensor Event Log table for
additional details about the error.

Temperature Set Point: This panel displays the current temperature set point. When you first open the S49
Heater Controller window, the set point will automatically be changed to the value stored in the method.

Temperature Set Point (Deg C):

é Set

Control Relay Status LED: The round “LED” to the right of the Temperature Set Point panel is an indicator
that allows you to see if the S49 heater control relay is open or closed. If the relay is closed and is applying
current to the heater blanket, then the LED will be red. If the relay is open and not applying current to the
heater blanket, then it will be gray.
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Note: The S49 heater controller uses a simple on-off temperature control scheme, so it is normal for the
temperature to cycle around the set point as the control relay turns on and off.

Temperature Set Point (Deg C):

6 Set

Set Temperature: Click the “Set” button to change the temperature set point. An input window will be
displayed allowing you to enter the desired set point in Degrees C. The set point must be between 0- and
200-Degrees C.

Temperature Set Point x
Enter New Temperature Set Point between 0 and
500 (Dg G}
Cancel
50 |

Important: When you change the set point using this window, the change is temporary and will not be
restored the next time you start an acquisition. If you want to change the setpoint permanently, then you will
need to edit the set point value in the method.

S49 Control Buttons

The buttons at the bottom of the S49 Heater Controller window provide additional control and status
information.
Lag

Connect ‘ CMD ‘ Enter Standby

Show Status ‘ Help ‘

Connect: If the Interface Heater Controller Module has become disconnected from the S49 Heater Controller
for some reason, you can click the “Connect” button to attempt to reconnect. When this happens there will
usually be an “Error” status displayed in the Actual Temperature panel.

CMD: This button displays the S49 Heater Controller Commands Window. There are two types of
commands, Standard User Level, and Advanced User level. You must enter an Advanced User Select Code
to perform any of the Advanced User Commands. These commands are only required in unusual
circumstances and should be used with caution. The Advanced User Select Code is 291. Please refer to the
MKS S49 Thermal Management System Manual for a description of these commands.
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549 Heater Controller Commands

Standard User Level Commands:

Enter Standby Mode

Reset Device

Ping

Write New Value to Register

Advanced User Level Commands:

Clear Errors

Restore Factory Configuration Defaults

Restore Factory Operational Defaults

Clear Network Address

Exit

Write New value to Register: Clicking this command button allows you to manually write new values to the
S49 Modbus control registers. A window will be displayed with a list of those registers that allow read/write
access. Please note that some of these registers are “Advanced User Commands” that will require you to
enter the Advanced User Select Code in order to write a new value.

Write Register
Select Register:

* 16: [MDA] Modbus Device Address ~
* = Advanced setting - change with caution.

New Value (16-bit Integer):
246

Write Cancel

Important: Please refer to the MKS S49 Thermal Management System manual for details about these
registers and valid values.

Enter/Exit Standby: This button toggles the controller between “Standby” and “Normal” mode. In Standby
mode, the controller stops heating and will remain idle until Standby mode is exited, or the heater controller is
power cycled. You can also configure the method so the controller automatically enters Standby mode
whenever the acquisition is exited.
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Show/Hide Status: This button toggles between showing and hiding the S49 Modbus Status Window. This
window is primarily used for troubleshooting. It contains 4 tables: the Modbus Register Table, The Controller
Diagnostic Status Table, and two Error Event Register Tables. Please refer to the MKS S49 Thermal
Management System Manual for a description of these tables and registers.

549 Controller Status X
:Modbus Register Table | Controller Diagnostic Status ‘ Error Eveni[1] Register | Error Evenif2] Register |
Register Symbol Definition Value ~

14 FW_VER[1] Firmware version 257

15 FW_VER][2] Firmware version 91

16 MDA Modbus Device Address 246

17 MAINS_V Read the mains voltage sense port 0

18 TOD[1] Elapsed seconds since reset/power-on (lower 16-bits) 4630

19 TOD[2] Elapsed seconds since reset/power-on (upper 16-bits) 8

20 TMEASURED Heater Temperature (average of adjusted thermocouple temperatures) 489

21 TDELTA Thermocouple Temperature Difference 2

22 CST Controller Setpoint Temperature 50

23 SLA Safety Limit Alarm Threshold 260

24 HTA High Temperature Alert Limit ]

25 LTA Low Temperature Alert Limit 6

28 HYS Hysteresis Value 1

35 TCR Temperature Comparison Range (Threshold) 20

37 STT Modbus Slave Communication Timeout Timer (Orphan Timeout) 60

40 EOT[1] Equipment on time (hours, lower 16 - bits) -27430

4 EOT[2] Equipment on time (hours, upper 16 - bits) 17441

55 TAS Temperature Ambient Sensor 29

56 TADJ1 Thermocouple 1 Temperature (adjusted) 490

57 TADJ2 Thermocouple 2 Temperature (adjusted) 488

60 Ccus Current Device State 0

61 CDs Controller Diagnostic Status 512

62 ERR[1] Error Event Register 1 1 >
< >

Save Status Tables to CSV File: You can save the current status tables to a set of CSV files by right-clicking
any of the tables and selecting, “Save to CSV file...” from the popup menu. You can select the folder to save
the CSV files into as well as which tables to save. The files will be named with a date-time prefix followed by
the files names indicated in parenthesis.

Save Status Tables

Select Folder:

|C:\Users\PubIic\Documents\Diablo MS Sensor 4.0\Data

Select Options: Cancel

Save Modbus Register Table (S49Registers.csv)
Save Controller Diagnostic Status Table (S49Status.csv)
Save Error Event 1 Register Table (S49Err1.csv)
Save Error Event 2 Register Table (S49Err2.csv)

Additional Heater Controller Module Options

Hide/Show the Heater Controller Window: Whenever you first open the Acquisition Control Panel, the S49
Heater Controller window will always be displayed. This allows you to confirm that the heater is controlling at
the correct temperature set point and is not in Standby or some other mode that would prevent proper heating
of the interface.
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However, once you have confirmed proper operation, you can hide the window during your experiments by
clicking the “Window” option in the main MS Sensor menu and then click/uncheck the “Display Heater
Controller Window” option. The window will be hidden until you either click/check this option again, or you
close and re-open the Acquisition Control Panel.

bl Diablo MS Sensor 4.0

File Method Tools | Window | Help

= == Tile Horizontal L
= ! ) . b
New Method Open Mei Tile Vertical uire | Vie

Cascade

Arrange lcons

[.' 1 '-\_(?/-' Display Event Log Window
RSN SR | Display Heater Controller Window L}J
Run Status: e

1 M5 Sensor Event Log

C 2 MKS 549 Heater Controller

3 Acquisition Control Panel
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Troubleshooting

Review the Event Log

When an error occurs with the MS Sensor software, always view the detail of any error message in the event
log. Error events are colored with a red background, so they are easy to identify. You can also select
“Errors” in the Event Log filter and only error events will be displayed.

You can view the detail of an error event by double-clicking on the line containing the error event in the Event
Log. The Event Description may provide useful information on the cause of the error.

You can copy the error details to the Windows clipboard by clicking the “Copy” button when viewing the event.
Those details can then be pasted into an email message to send to support.

Display Event

Event Status:

EventID: |EEE | oK

Run Time: |D.DD | Enn

User: |SYSTEM | Copy
Acknowledge

Date/Time: |2EI‘IS—‘|D—‘|?12:56:‘IB |

Event Type: ||nstrumentError |

Event Source: |F’DR 2000 |

Event Description:

Timeout Error: The PDR2000 is not responding on serial port: [COMT]

The error/event source and error/event description, including any error numbers, can be very helpful in
identify the cause of a problem.
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Debug Logging

Enabling debug logging can provide helpful information when troubleshooting software errors messages or
other issues. Enable debug logging by clicking, “Tools > Enable Debug Logging”, and then see if you can
reproduce the error. Debug logging will write additional information to the log file that can be helpful when

troubleshooting problems.

You can view the current log file by clicking “Tools > View Current Log File”.
The log file is named “mssensor.txt” and is located in the folder:
C:\ProgramData\Diablo Analytica\MS Sensor 4.0

You can view this folder by clicking “Tools > “Browse System Folders > ProgramData Folder”.

Support Files Archive

You can create a “Zip” archive of all system log files, method files, and data files by selecting, “Save Support

Files to Archive file” from the main “Tools” menu.

Save Support Files Archive
Options:
Include Current Method File
[] Include Current Data File
[] Include EventLog Database

Destination:

® Saveto Windows Desktop

() Browse for Destination

Include Other MS Sensor Data Files (D).

b ¢

OK

Cancel

You can choose to include the current method file, data file, and event log database, and also add other MS
Sensor data file folders (.D) to the archive if they help to illustrate the problem. Save the Zip archive to the
Windows desktop, or browse and select another location. You can then email this zip file to Diablo Analytical

support along with a description of the problem and steps to reproduce it.
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Add EZReporter Instrument to MS Sensor Method
85

Add or Edit Register 100

Add Range 114

Add User Event 13

Add/Edit Sequence Step 113

Adding MS Sensor Signals 92

Adding New Components to a Method 22

Additional Heater Controller Module Options 132

Advanced MassHunter Configuration 74

Agilent 5973/5975/5977 MSD 3

Agilent MassHunter MSD 72

Agilent Technologies MS Data File 66

Application Data Import Wizard 35

Apply Pressure Compensation to Calibrated
Response 24

C

Calculation Mode 28
Calculations 25

Calibrate 43

Calibration Best Practices 40
Calibration Calculations 44
Calibration Levels 41, 44
Calibration Plot 44

Calibration Procedure 46

Calibration Results 44

Calibration Settings 41

Calibration Table 42

Channel Register Update Delay 100

Channels Table 61

Check Button 27

Clear Event Log 14

Component Key Names 21

Component Processing Flowchart 10

Components 26

Configure EZReporter for a New Installation 86

Configure EZReporter for an Existing Installation
89

Configure Server Settings 97

Configure the Pressure Simulator Instrument 69

Configure Valves 110

Configuring Diablo MPValve Sequencer 82

Configuring the Interface Heater Controller 126

Configuring the MassHunter Instrument 73

Configuring the Modbus Slave Server 96

Configuring the MS Sensor EZReporter Instrument
90

Configuring the MS Simulator Instrument 68

Configuring the PDR 2000 Instrument 70

Configuring the Valve Sequencer 109

Constant 27

Controlling the MS Sensor Run from MPValve
Sequencer 82

Create New Data Channel 25

Create New Raw/Calibrated Data Channel 25

Creating New Methods 20

Current Formula 27

D

Data Acquisition with MassHunter 80
Data Analysis 59

Data Channels 27

Data Files 32, 121

Data Table 33

Data Viewer 122

Debug Logging 136

Default and Demo Methods 19

Default Instrument Settings 74
Delay/Gate Period 100

Delete Registers 103

Delete Steps 115

Deleting Components from a Method 22
Description 25, 28

Diablo Analytical, Inc. 3

Diablo EZReporter Instrument 83
Diablo MPValve Sequencer 81

Display Event 12

Display real-time data channel grid window 33
Display real-time trend plot windows 34
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Display Settings 29
Displaying Trend Plot Windows 57

E

Editing Acquisition Settings 23

Editing Components 21, 22

Editing Methods 10

End of Sequence 116

Enron Floating Point and 32-bit Integer Support 96

Enron/Daniel Addressing 99

Event Log 11, 120

Example Format Strings 29

Export Results 64

Export selected results to MS Sensor 3.0 CSV
Files 32

Extract Method 64

EZReporter Instrument Requirements 84

F

Filter Events 12
Force Origin 42
Formula 25, 28
Formula Editor 26

G

Get Response 43
Getting Started 7

H

Host IP Address 99
Host Name 99

Import Application from Application Builder 35
Import MPValve Sequencer Sequence 117
Import MS Sensor 3.0 Methods 34

Install the EZReporter Software 85
Installation 3

Installation and Configuration of EZReporter 85
Instrument 24

Instrument Description 23

Instrument Overview 67

Instrument Settings 23

Instrument Status Table 53

Instruments 23, 67

Interface Heater Controller 125

Interface Heater Controller Overview 125
Interface Heater Controller Settings 126
Introduction 1

Index

L
Load Data File 43

M

Main Application Window 7

Main Menu 7, 60

Main Toolbar 9, 60

Manual Control of Valve Position 119

MassHunter Tune Window 77

Method Components 9, 23

Method Editor 21

Method Editor Toolbar 22

Method Files 19

Method Overview 9

Methods 19

MKS PDR 2000 Pressure Controller 70

MKS S49 Heater Controller USB Virtual COM Port
Driver 125

Modbus Address Shift 99

Modbus Module Specifics 95

Modbus Register Settings 99

Modbus Register Table 106

Modbus Server Status 105

Modbus Slave Server 95

Modicon Addressing 99

Modicon Floating Point and 32-bit Integer Support
96

MS Sensor Data Viewer 59

MS Sensor Overview 1

MS Sensor Text Files 64

MS Simulator Instrument 67

O

Opening Methods 19
Operators 27

Other Settings 117

Overview 95

Overview of Data Analysis 59

P

Pressure Compensation 41, 45

Pressure Compensation with Multi-Level
Calibrations 45

Pressure Simulator Instrument 69

Print Modbus Configuration Report 104

Print or Save Report 64

R

Real Time Data Grid 120
Real-time Data Grid 58
Rearrange Steps 115
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Repositioning the Trend Plot 56
Review the Event Log 135

Run Length 32

Run Timing 31

Running a Sequence 118

Running the Demonstration Method 14
Run-Time (X) Axis Label 34

S

S49 Control Buttons 130

S49 Temperature and Status Display 129
Sample Information Table 61
Sample Information Window 52
Scroll Window 33, 34, 55
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