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1 Terms

Combined Message

telos Connii Interface
telos Connii MM Interface

telos Connii MM 2.0 Interface

GUI
I2C Interface

Message

Submessage
telos Installation CD

telos Tracii XL Interface
telos Tracii XL 2.0 Interface

USB I2C Interface

A sequence of submessages where only the last submessage is
terminated by a STOP condition

USB I2C interface for master operations.

USB 12C interface for master and limited tracer operations. Suc-
cessor of the telos Connii interface.

USB 12C interface for master and limited tracer operations. Suc-
cessor of the telos Connii MM interface.

Graphical User Interface

Generic term for telos Tracii XL 2.0, telos Tracii XL, telos Connii
MM 2.0, telos Connii MM, and telos Connii interfaces.

An 12C transfer that begins with a START condition and ends
with a STOP condition. A message consists of one or more sub-
messages without a STOP condition in-between.

An I2C transfer that begins with a START condition and ends
with a STOP condition or with a subsequent START condition.
CD which is delivered with the product. It contains all software
and documentation which is needed to use the product.

USB I2C interface for master, tracer, and oscilloscope operations.
USB 12C interface for master, tracer, and oscilloscope operations.
Successor of the telos Tracii XL interface.

I2C interface which is connected to the PC via the Universal Se-
rial Bus (USB). (The term USB I2C interface applies only to telos
products.)






2 Introduction

The following sections are an introduction to the application I2C Studio.

2.1 Disclaimer

This product is not designed for use in life support appliances, devices or systems where

malfunction of this product can reasonably be expected to result in personal injury.
Customers using or selling this product for use in such applications do so at their own risk

and agree to fully indemnify telos for any damages resulting from such improper use or sale.

2.2 Product Outline and Purpose

telos I2C Studio is an easy-to-use integrated 12C development environment to access all fea-
tures of the I2C interfaces in the telos product chain.

It supports usage of the USB clients telos Tracii XL 2.0, telos Tracii XL, telos Connii MM 2.0,
telos Connii MM, and telos Connii.

The installation package contains the following components: 12C Studio, I2C Framework,
and I2C Flasher.

2.2.1 12C Studio

I2C Studio is the GUI to access all features of the I2C interfaces in the telos product chain.

The main functionalities offered by I12C Studio are master, tracer, and negative tester. An
additional feature of the tracer is an optional oscilloscope capability to give developers the
possibility for watching the analog signal form in parallel to the traced I2C data. I2C Studio
also supports scripting in C# for advanced users.

The I2C Studio has integrated an I2C slave, which works as RAM emulation and is only
usable with telos Tracii XL 2.0 and telos Tracii XL.

Furthermore, it offers tools for JEDEC SPD RAM and VESA DDC support. See chapter ??
for more details.

The telos I2C Studio allows accessing multiple functionalities on a referenced 12C interface
at the same time. This means that users can access one I12C interface e.g. as master and tracer
at the same time. Thus, it is possible to send and trace I2C messages within one application
simultaneously.

The application offers a modern graphical user interface based on the Microsoft .NET tech-
nology, which is highly configurable due to the usage of workspaces. Different view modes
allow analyzing the traced I2C data regarding different aspects.

A special view model is part of the tracer and allows watching the data on datasheet level. It
is called IRD. Instead of working with addresses, offsets and byte values the user is provided



2 Introduction

with a comprehensive view of device registers, which are given by the names used in the
datasheets.

2.2.2 12C Framework

The 12C Framework consists of application programming interfaces (APIs) to communicate
with telos I2C products within customer applications. The following APIs are part of the
framework:

e NET API
o C++ API
o CAPI

Java API
e Labview API
e URT/URD API

2.2.3 12C Flasher

The I2C flasher is an industrial solution for EEPROM and flash programming needs. It sup-
ports a bunch of I2C memories from different vendors as Atmel, Catalyst, Fairchild, ISSI,
Microchip, NXP (Philips), Samsung and ST Microelectronics.



3 Installation

The following sections describe the installation of the hardware and the software.

3.1 System Prerequisites

The following preconditions are required for a computer system to install and use I2C Studio:

Memory Minimum 512 MB RAM, 1 GB are recommended
Processor 1 GHz
OS Platforms Windows 7 (x86 & x64)

Windows 8 (x86 & x64)

Windows 8.1 (x86 & x64)

Windows 10 (x86 & x64)
Browser Internet Explorer, version 8 or higher
Software Packages Microsoft .NET-Framework 4.0

3.2 Software Installation

To start the installation of I12C Studio execute one of the following setup packages, which can
be found on the telos setup CD:

e .\software\x86\i2cstudio_setup_x86.exe (x86)

o .\software\x64\i2cstudio_setup_x64.exe (x64)

Please note that administrator rights are required to install the software. The installation
wizard leads the user through the installation process. Besides the main application the instal-
lation routine also installs the USB device driver for the telos I12C interfaces to the installation
directory.

3.3 Driver Installation

After 12C Studio is installed properly, Microsoft Windows has drivers available for all telos
I2C USB interfaces.

Now, if a new telos USB I2C interface is plugged into an USB port, the Microsoft Windows
hardware wizard comes up and guides the user through a fresh driver installation for this
specific device.

The wizard asks whether it should install the driver automatically or manually. Please
choose the automatic installation. Now the wizard updates the driver installation with the
newly found device. It is ready to use, then.



3 Installation

Note: Microsoft Windows also starts the driver installation process, if a telos USB
I2C device has formerly been in use on the system but the USB port has

~

”
ﬁ! telos I2C Studio Setup = LEl
. —
Destination Folder
Click Mext to install to the default folder or dick Change to choose another. ”C
]

Install telos 12C Studio to:

IC:‘nProgram Files\telos Systementwicklung GmbHtelos 12C Studia',

[ Back ][ Mext ] [ Cancel ]

—————————————————

Figure 3.1: I12C Studio Install Wizard

)

Found Mew Hardware e )

Windows needs to install driver software for your Tracii XL

® Locate and install driver software (recommended)
Windows will guide you through the process of installing driver software
for your device.

< Ask me again later
Windows will ask again the next time you plug in your device or log on.

& Don't show this message again for this device
Your device will not function until you install driver software,

Cancel

Figure 3.2: New Hardware Wizard

changed.

3.4 Mac OS X

There is no native Mac OS X application for interfacing the telos I12C tools. However, telos I12C
Studio has been tested to perform well in a virtual machine running Windows 7.
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What you need:

3.4 Mac OS X

e An Intel Mac built 2010 or later - earlier models may work but lack performance. 12C

Studio will not run on Power PC.

o VM Fusion virtualization software available from:

http://www.vmware.com

e telos I2C Studio

e Microsoft Windows 7 (later versions may work too)

@ VMware Fusion Ablage Bearbeiten Darstellung _ Virtuelle Maschine _Fenster _Hilfe B OO % 2 004Gk B Mo.13:40
T

ie, wo Sie telos EDV Systementwicklung
ieBien mochten.

1box Partage
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L2 Alle

TAGS
® Rot

Orange

Figure 3.3: Mac OS X

Please follow these steps to install your telos I2C interface:

1.

2.

Install VM Fusion on your Mac.

Install MS windows by either doing a fresh install or by using the VMWare migration

assistant to move your existing installation over to the Mac.

Please uninstall telos I12C studio, if you migrated an existing windows installation,

which had this software installed.

Do not connect any I2C equipment yet.

you should be prompted to confirm the driver installation.

. Run the telos I2C Studio setup wizard. You should see the drivers being installed and

After the telos I2C Studio setup wizard has completed, connect your telos I12C interface
to the USB port of your Mac while Windows is running in VMWare fusion. You should

see the dialog shown in figure ??2.

11
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3 Installation

7. The dialog prompts you in your localized language to chose between connecting the
equipment to the Mac or to your virtual Windows machine. Please chose to connect to
the Windows machine and tick the checkbox to make this selection permanent.

8. You are done, telos 12C studio should now interact properly with your hardware.
You may use the shared folder facility of VM Fusion to directly store log files created by

telos I12C Studio to your native Mac file system. Folder shares are usually placed on your
desktop by VMWare.

12



4 Getting Started

4.1 12C Studio Overview

Starting telos I12C Studio the first time the user is confronted with a splash screen for a while.
Depending on the system speed, it takes a moment until I2C Studio opens up with a blank
workspace.

120 Studio V5.13

Figure 4.1: I12C Studio Splash Screen

13



4 Getting Started

File Edit Access Tools Language Help

a 2 &

New Open Save All Start Stop Start ADC  Stop ADC | Clear All Slave

Workspace o x Start Page - X
=23 Workspace

20 Master

: £ Negative Tester
D Secript

i) Tracer

120 Studio

telos Systementwicklung GmbH ﬂ

Figure 4.2: I12C Studio after Startup

When starting I12C Studio the first time a nearly blank Workspace on the left side and a
so-called start page on the right side is presented.

The applications window top hosts a menu bar and a toolbar with some buttons beneath.
Most of the toolbar buttons and parts of the menu bar selections are greyed out at the very
first start simply because no function window has been opened in I2C Studio so far.

In this state another component of the application is nearly empty too. The status bar, which
resides at the bottom of the application window, is showing only a link to the telos homepage
as its default setting.

4.2 Menu and Toolbar

File  Edit Access Tools Language Help

a4 2 &

Mew Open Save All Start Stop Start ADC  Stop ADC | Clear All Slave

Figure 4.3: I12C Studio Menue and Toolbar after start

The menu allows the access to most of the I2C Studio functions. To ease the access, some of
these functions, which are used regularly, have a shortcut by button in the toolbar too.

14



4.2 Menu and Toolbar

The menu has a permanent and a dynamic part. Thus some menu items are shown always,
while other items are shown only, if the appropriate I12C Interface (Master / Tracer / Negative
Tester) is selected in the workspace.

4.2.1 Permanent Menu
As displayed in figure ??, the following menu items are displayed always:

File All file depending activities can be found here. For example a new function window
(see section ?? for more details) can be created, stored to disk, loaded from disk etc. The
same can be done with the workspace. Additional to that, the License Manager (see
chapter ?? for more details) can be found here, to check or renew the service contract of
the appropriate telos 12C Interface.

Edit Descriptions in the Workspace can be copied and pasted.
Access The remote access can be executed here. See more details in section ??.
Tools Some helpful tools are provided here. See chapter ?? for more details.

Language The telos I2C Studio provides all controls in English and German language. Thus
the user can select the preferred language. After selection a restart of the I12C Studio is
necessary. If started the first time, I2C Studio will select the language from the culture
settings of the computer. Thus if the computer has already German selected as preferred
language, I12C Studio will select German too. Otherwise the English setup is used.

Help All necessary information about I2C Studio like content (user manual), I2C-bus helpfile,
online manual, contact to the technical support and other information about the 12C
Studio are available here.

4.2.2 Dynamic Menu

As mentioned above, the menu provides some dynamic entries. Therefore the menu is changed
according to the created and selected device in the Workspace. If the Master is created and se-
lected in the Workspace, the permanent menu gets an additional entry called "Master’. Thus
all Master depending settings can be accessed here. See more details about the Master in
chapter ?2.

File Edit Master Access Tools Language Help

Figure 4.4: I2C Studio Menu - Master selected

If the Tracer is created and selected in the Workspace, the permanent menu gets an addi-
tional entry called "Tracer’. If the I2C Interface supports the additional feature of an ADC, the
menu gets another additional entry called "ADC’. See more details about the Tracer in chapter
?? and about the ADC in section ??.

15



4 Getting Started
File Edit Tracer ADC  Access Teools  Language  Help

Figure 4.5: I12C Studio Menu - Tracer selected

If a Negative Tester is created and selected in the Workspace, the permanent menu is ex-

tended by the item 'Negative Tester’. See more details about the Negative Tester in chapter
2?.

File Edit Megative Tester Access Tools Language Help

Figure 4.6: I12C Studio Menu - Negative Tester selected

4.2.3 Toolbar

As mentioned before, the Toolbar provides some buttons for frequently used menu functions.
Therefore the Toolbar is separated in 5 sections.

a2 | © o) : &

Mew Open Save All Start Stop Start ADC  Stop ADC | Clear All Slave

Figure 4.7: I12C Studio Toolbar

The first section consists of function support, which can be found in the file menu (New,
Open, Save-All).

The second section provides a start and a stop button. These buttons can be used dynam-
ically, depending on the selected interface in the Workspace. Thus the start button can start
a Tracer, Master or Negative Tester, according to the pre-selected interface. The stop button
can be used to stop a running Tracer or Negative Tester, while the Master typically stops
automatically after execution.

The start and stop of the ADC function (see section ??) can be performed in the third section
of the Toolbar. The buttons are only accessible, if the connected I2C Tracer hardware device
have a valid ADC license installed.

The clear all button in the fourth section can be used to clear all traced data in the Tracer.
Therefore the Tracer must be started and stopped before. Otherwise this function is not avail-
able.

The slave button in the fifth section is a shortcut to the menu item Tools|I2C Memory Slave.

4.3 Status Bar

As mentioned above, the status bar can be found at the bottom of the main I2C Studio win-
dow. As also mentioned, the status bar shows the link to the telos website after startup only
(see figure ??).

If an I2C interface is created in the Workspace, the status bar shows some useful hardware
related information, depending on the current selected device in the Workspace.

16



4.4 Function Windows

telos Systementwicklung GmbH

Figure 4.8: 12C Studio Status Bar after start

Figure ?? shows the information of the Dummy-Master, while figure ?? gives some infor-
mation about the Dummy-Tracer.

Dumrny [0x54AC] | I2C | 12C Vee: 5,00V | 100 Ohm | Processed 1/1 message.

Figure 4.9: I12C Studio Status Bar - Master

Dummy [0:54AC] | I2C | 12C Vec: 5,00V | 100 Ohm | Messages: 881

Figure 4.10: I12C Studio Status Bar - Tracer

In case a real hardware is used to create an I12C Interface in the Workspace, the voltage can
be selected by user. If no external voltage device is driving the I2C-bus, the internal hardware
voltage supply must be set by user. Therefore, the voltage in the status bar is displayed in red
(see figure ??), until a voltage is set in the appropriate hardware menu like Tracer|Hardware
Options. As a shortcut, the user can also click directly on the (red marked) voltage field of the
status bar to open the appropriate hardware dialog.

telos Tracii #L 2.0 [0x4716] | I2C | 12C Veo: —0V | 10,90 kOhm | Messages: 0

Figure 4.11: I12C Studio Status Bar - Tracer with no power

4.4 Function Windows

To start working with I12C Studio it is necessary to create a function window. I2C Studio
knows several different types of function windows: master, tracer, negative tester, and script.
Not all I2C interfaces support all types of function windows.

Master Tracer Negative Tester Script
telos Tracii XL 2.0
telos Tracii XL
telos Connii MM 2.0
telos Connii MM
telos Connii
telos 12C Negative Tester - - X

XX X X X
X X X X

1
XXX X X X

To create a new function window simply press on the New button. This will open the dialog
shown in figure ?2.

17



4 Getting Started

E New @

Select Type And Module

Localhost

El-telos Traci XL 2.0  [SN Bxd716]
racer

El-telos Traci XL 2.0 [SN (7888
i Negative Tester

= Dummy [SN Dx54AC]

)

Figure 4.12: New Dialog

This dialog contains a tree with three levels. The first level contains the PC, to which the I2C
interface is connected. The second level contains the I12C interface. In this example we have
two PCs. One real 12C interface is connected to the local PC: a telos Tracii XL with the serial
number 0xD4D8. A telos Connii with the serial number 0x1EAS5 is connected to the remote PC
with the DNS name dyn16-113.telos.de (IP address 194.173.126.113, IP port 3000). The third
level of the tree contains the function window types supported by each 12C interface.

To open e.g. a tracer function window on the telos Tracii XL connected to the local PC
simply double click on the Tracer line beneath telos Tracii XL. After double clicking a new
function window is created. It gets displayed on the right side of I12C Studio.

To close a function window click on the X button on the upper right side of the window.

4.5 Workspace

After creating a new function window an entry is added to the tree of documents in the
workspace window on the left side of 12C Studio, see figure ??.

Figure 4.13: Workspace
The tree contains four folders, one for each type of function window supported by 12C

Studio. In these folders I2C Studio stores links to opened and closed function windows.
The icons in the tree have got the following meaning;:

18



4.6 I2C Scheduler

Folder closed

Folder opened

Function window is closed

Function window is closed and cannot be opened

Function window is opened

Function window is opened (stopped state)

Peveo00

Function window is opened (running state)

The workspace, which is pictured in the example, contains one open function window. It
is a function window for the tracer functionality of a telos Tracii XL interface. The tracer is in
the stopped state, which can be determined by the icon.

When the user moves the cursor of the mouse over a document in the workspace some
information about the document are shown within a tooltip. By double clicking on a closed
document, it is possible to open the document.

According to the state of the function window the context menu of a document offers dif-
ferent options:

Open/Close Open or close the appropriate function window file.
Reconnect Associate a new I12C interface with the function window.
Remove From Disk Delete the function window file from disk and its link from the workspace.

Remove From Workspace Delete the function window from Workspace. The file is still
available on disk.

Rename Change the name of the function window file.

It is possible to create a new function window not only by using the New button. Another
way leads to the context menu of the workspace. Therefore the user simply opens the context
menu on one of the folder icons in the tree of the workspace. To create e.g. a master function
window, the user opens the context menu on the Master folder and selects New.

The configuration of the workspace is stored in files with the prefix ».i2cw. Workspace
files can be created, opened and stored using the items in the File|Workspace menu.

4.6 12C Scheduler

Figure ?? gives an overview of the I2C Framework and I12C Studio. One central component
of the I12C Framework is the I2C scheduler. This component connects the 12C interfaces with
the I2C APIs. It is implemented as MS Windows service, which gets started automatically at
startup of the PC.

The I12C scheduler acts like a multiplexer /demultiplexer. It makes it possible to communi-
cate simultaneously from several programs with the same I2C interface.

The communication between the I2C scheduler and the I2C APIs uses a TCP/IP channel.
Due to this fact it is possible to communicate not only with I2C interface connected to the

19
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! Tvset

12C Bus 1 12C Bus 2

Y

Tracii XL Tracii XL

Driver Driver
—% 12C Scheduler F—

A
C++ API

Y
12C Flasher

\i Y
‘ URT/URD API ‘ ‘ .NET API ‘ ‘ Java API ‘
I

A/ \
‘ 12C Studio ‘ ‘ Labview API ‘

Figure 4.14: I12C Framework

local PC but also with I2C interfaces connected to other PCs in the LAN. This can be useful
e.g. for remote diagnostics.

I2C Studio offers a dialog to configure the I2C scheduler running on the local PC and the
connection to I12C schedulers running on other PCs. This dialog can be opened by selecting
Access|Remote I12C Access in the menu.

The dialog can be divided into two major parts. The upper part serves the configuration
of the local I12C scheduler. The Remote Access check box configures whether the local 12C
scheduler should accept connection from other PCs in the LAN. The Port input configures
the TCP/IP port, on which the I2C scheduler is listing for incoming connections. To prevent
a misusage of the local I12C scheduler, it is important to set a secure password.

The second part of the dialog serves the configuration of the connections to I2C schedulers
running on remote PCs. To connect to a remote I12C scheduler three parameters are needed:
TCP/IP address (DNS name or IP address), TCP/IP port, and password.

In the example, which is shown in figure ?? two remote I2C schedulers have been specified.
The Status column of the table shows the current status of the connection. In the example
the connection to the first I2C scheduler has been established successfully. The second 12C

20



4.7 Hardware Options

Local 12C Scheduler
Remote Access  Address  moetelos.de Port 3000 $

Password

Remote 12C Schedulers

Statuz  Remote Address Part Pazsword
™ 194173126111 3000
[ [iscindtdosde 3000 |

Manual | Automatic

Remote Address Port Password
traciid telos de 3000 :
Status

The 12C scheduler does not respond. Please check, that the 12C scheduler service is running and no firewalling software blocks
the TCP/IP connection to the 12C scheduler.

Add/Update | | Remove | | Remove Al

| Rest || ok || Cancel

Figure 4.15: Remote Access

scheduler cannot be reached by 12C Studio. By selecting one line in the table it is possible to
get a detailed description of the reason, why a remote I2C scheduler cannot be contacted.

4.7 Hardware Options

The I2C interfaces offer several hardware and electrical parameters, which can be configured
by the software.

Both the master and the tracer function window offer a dialog to configure these parame-
ters. In the master function window this dialog can be opened using the Master|Hardware
Options item in the menu. The same dialog can be opened in the tracer function window
using Tracer|Hardware Options.

Trigger Conditions: Output Testpin Some I2C interfaces provide an output testpin that can
signal certain events. E.g. the I12C interface can trigger this testpin, when it detects a
START condition on the 12C-bus.

Termination - Resistor Dependent on the bus load the passive termination resistor of the
I2C-bus can be adjusted to manipulate the signals slew rate. For long cables and/or

21
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Trigger Conditions: Output Testpin Voltage Thresholds
How Do e e
[ Stop [ Mot Acknowledge U
[ 12C Protocal Emor
Temination (Resistor) High Lewvel 70 - [% WCC)
1050kOhm  w| SCL
@ 0

[V]
1050k0hm  «| SDA —

Temination (Curent Source)

OFF ¥ | SCL
ALV
OFF ~| spa

Temination {(Auto Detect) 12C Voo Supply
o ]
Bus Type
[2C A
[ ok || cancel |
%J

Figure 4.16: Hardware Options

high bitrates it is important to have a sufficient low termination of the I2C-bus.

Termination - Current Source An alternative to control the signals slew rate is to adjust the
active current source of the 12C interface. This hardware feature provides a constant
current and is therefore independent from voltage deviations, which otherwise have
an impact on the current through a passive termination resistor. Therefore the active
current source is a more sophisticated possibility to control the rising edges of the 12C-
signals. It generates steeper edges with less current than the passive termination.

Remark: Please note, that this feature is only available for telos Tracii XL 2.0 manufac-
tured 2016 or later.

Termination (Auto Detect) Allows to automatically find the optimal termination for the spec-
ified bitrate.

Voltage Threshold The voltage thresholds are parameters that define the interpretation of
the analog signals. If an I2C-bus signal is high and falls below the low level threshold, it
is treated as a high/low transition. If an I2C-bus signal is low and rises above the high
level threshold, it is treated as a low /high transition. The default values for an 12C-bus
conforming to the I2C specification is a setting of 30%/70%.

Bus Type 12C Studio supports 12C-buses (12C) and SMBuses (SMB).

12C Vce Supply All I2C interfaces have got a I2C Vec supply pin on their I2C connector. The
level on this pin defines the high level of the I2C-bus. Some newer I2C interfaces can
generate this voltage internally. The internal supply can be configured using this option.
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4.8 12C Interface ”"Dummy”

4.8 12C Interface "Dummy”

The I2C scheduler does not only communicate with I2C interfaces connected to the local PC,
but also implements a virtual I2C interface. This virtual I2C interface can be used e.g. to eval-
uate I2C Studio without real hardware connected to the PC. Or it can be useful for developing

software based on the I2C Framework.

Connected to this virtual I2C interface are five virtual I2C devices:

Slave Address | Device

0x0B Smart Battery: Battery

0x0C Smart Battery: Charger
0x29 Analog Devices ADM1021A
0x50 256 bytes RAM

0x68 Dallas DS1307

Some virtual communication between a virtual I2C master and these devices is generated
automatically. But it is also possible to communicate with these device manually using e.g.

the master function window.
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4 Getting Started

4.9 First Steps Example

To get familiar with the handling of the I12C Studio, the following steps are defined to show
an easy example.

e Start the I12C Studio. If no workspace was stored before, an empty workspace will be
opened (see figure 2?).

IC telos I2C Studio SRRCE X

File FEdit Access Tools Language Help

e G
o4
New Open  SaveAll Start Stop | StartADC Stop ADC | ClearAll | Slave

Workspace 1 X Start Page
=20 Workspace
(20 Master
- [0 Negative Tester
2] Seript
(1] Tracer

- X

120 Studio

telos Systementwicklung GmbH

Figure 4.17: 12C Studio with empty Workspace

e Press the New button in the Toolbar or select the File|New menu item to open the New
Dialog (figure 2?)

rE Mew @ﬁ

Select Type And Module
Localhost
E!--telcus Traci XL 2.0 [SM kd716]

P.!I Devices
‘... Serpt

| oKk || cancel |

Figure 4.18: New Dialog
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4.9 First Steps Example

e Select for the hardware (telos Tracii XL 2.0 or telos Connii) the desired Mode:

- Master (continue in chapter ??)
- Negative Tester (continue in chapter ??)

- Tracer (continue in chapter ??)

Finally click on the OK button. The Example continues in the chapter of the list above.

To learn more about the I2C Studio features, please read the following chapters.
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5 Tracer

5.1 Introduction

One of the function window types, which can be opened in I2C Studio is the tracer window.
In contrast to the master window this type of window does not work actively on the I2C-bus.
Instead it records the traffic between other I2C masters and slaves on the I2C-bus passively.

Recording the data of an I2C-bus can be useful in different scenarios. E.g. there is an exist-
ing system, which does not work as expected. The tracer can then be used as a debugging tool
to find e.g. wrong or illegal I2C messages. Another scenario could be the reverse engineering
of an existing system, to make e.g. an new system compatible to the existing one.

5.2 Quick Start

To open a new tracer window the developer can use the New button, the File|New menu item
or the context menu of the workspace.

Note: Not all I2C interfaces can be used as I2C tracer: some 12C interfaces cannot
be used as 12C tracer at all, other require a special license.
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5 Tracer

To get familiar with the handling of the Tracer, do the following steps as described in figure

2?2
— — q
T telos 12C Studio ¥5.15.2 u} X
File  Edit )Tmer ADC  Access  Tools language  Help
L2 & o © &
New Open Save All Start Stop Start ADC  Stop ADC Clear All Slave
Workspace rx WtehsTra(iinE.nTm(er(S) | “NtStop2 | NitStop | telos Tracii XL 2.0 Master (9) ]/MastErSEHdLungMassagas ]/ta\osTva(iiXLZ‘OMaler(WO) } - x
-3 12C StudioWorkspace {4} = =
=423 Master © Raw Mode () Register Mode () Value Mode (6)
[ MasterSendlonghiessages Ne. Ststus _ Address Msg.Time  Abs.Time  IdeTime  Dir Length Dats
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Figure 5.1: Quick Start: Tracer Window

Steps description:
(1) Press the New button: The new dialog appears.

(2) Select the Tracer in the tree and press the OK button.
(3) A new entry in the Workspace tree appears.
(4) Press the Message View tab to select the view for the list of messages.
(5) Press the Start button to enable the tracer.
Send message(s) with the I2C Studio Master or another 12C-bus master.

(6) Have a look in the Message View window for the traced data.

5.3 Views

The tracer function window is divided into different views. These views offer different inter-
pretations of the same data traced on an I2C-bus:

Time View Visualizes the data in the time domain. This can be used to detect e.g. stretching
on the I2C-bus or to measure the speed of I2C masters on the I2C-bus.
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5.4 Acquire I2C Data

Message View Visualizes the data as a list of I2C messages. This view is useful, when only
the transferred data without detailed timing information is of interest. Using this view
it is not only possible to see the transferred data bytes, but it is also possible to get an
12C device depended interpretation of the data.

Live View Shows the current value of all registers of the devices connected to the traced I12C-
bus.

Statistic View Contains some statistics about the transfers on the I2C-bus.

5.4 Acquire 12C Data

Before it is possible to use any of the views it is necessary to acquire I2C data. The acquisition
can be started using the Start button or the menu item Tracer|Start. As soon as the tracer is
running the Start button gets greyed out and the Stop button gets enabled.

If there is traffic on the I2C-bus, the "Messages” value in the status bar gets incremented pe-
riodically. This value contains the number of [2C messages traced on the I2C-bus. A message
starts with a START condition and ends with a STOP condition. This means that combined
I2C transfers consisting e.g. of two submessages will be counted as only one I2C message.

The traced 12C data gets streamed to the hard disc, so that the number of I2C messages,
which can be traced, is limited only by the space available on the hard disc containing the
Windows system directory for temporary files.

While the tracer is running most functions of the tracer function windows can be used in
parallel. E.g. it is possible to use the different views to inspect the already traced data. Some
functions can be used only while the tracer is in the stopped state.

To finish the acquisition of data the Stop button or the menu item Tracer|Stop can be used.

Restarting the tracer will not delete the already traced data. Instead the new data will be
appended to the already acquired data. The deleting of the acquired data can be requested
by using the Clear All button, which will also delete some other data, or by the menu item
Tracer|Clear.

29
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5.5 Configuration

5.5.1 Tracer Options

Some properties of the tracer function window can be modified using the options dialog of
the window. This dialog can be opened using the menu item Tracer|Tracer Options. Figure ??
shows the tracer options dialog.

T Tracer &J
Trace Data 12C Address Fitter
U Enable
Unlimited Pass 12C Address Alias =
[ Clear At Start | 0x03
Misc o 0x08
Trace Input Testpins O (09
[7] Auto Serol O Ox0A
0x0B Battery
= Ox0C Charger
[ | ] 0D i
|_ Pass All I I Pass Mone I
[ Reset |[ ok |[ cancel |

Figure 5.2: Tracer Options

In some situations it is necessary to let the tracer run for hours, but only a limited number
of messages are of interest to debug a problem. For such situations I2C Studio offers the
possibility to limit the data queue to a specific size. This limit can be configured using the
slider in the "Trace Data” group box. If the limit is reached, the oldest messages are removed.

If the "Clear At Start” check box is set, the already captured data gets deleted when the
tracer is restarted.

Some I2C interfaces have additional digital input lines, whose state can be traced in parallel
to the I2C-bus. If the check box "Trace Input Testpins” is set, these lines are traced.

The check box ”Auto Scroll” defines, whether the view should jump to the end of the data
automatically, when new data arrives. This can be useful especially on an 12C-bus, on which
not too many messages are transferred. If this option is enabled, I2C Studio will consume a
lot of more resources during tracing. So this option should be used with caution.

Sometimes only messages to specific I2C slaves are of interest. In such situations the 12C
address filter can be used. If it has been enabled, only messages to slaves whose I2C addresses
are marked as ”pass” get recorded. All other messages are not recorded. This means it is not
possible to make them visible again at a later time.
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5.5.2 IRD & Plug-In Manager

Beside the hardware and the tracer option dialogs there is a third dialog under the Tracer
menu item: the “IRD & Plug-In Manager” dialog.

rE IRD & Plug-In Manager &J‘
12C Address Scan Copy Configuration
[y Tracer 0 ) [ oy ]
Found Address Alias IRD / Plug-In Add
(0B Battery SBS Forum: Smart Battery ... Cloar
00C Charger SBS Forum: Smart Battery C...
0x23  |ADM 1021 A Anzlog Devices: ADM 1021...
[[lx68  |DS 1307 Maxim: DS 1207
0x50 === Not Mapped ===
Resst || OK ][ Cancel

Figure 5.3: IRD & Plug-In Manager

This dialog, which can be seen in figure ??, has got three tasks:

e assign alias names to I2C addresses
e assign IRD or plug-in files to I2C addresses
e execute a scan for slaves connected to the 12C-bus

Using the Copy button it is possible to copy the configuration of another open function
window.

Alias Names

For a human being is it always difficult to remember which 12C devices uses which 12C ad-
dress. So to make it more convenient it is possible to assign an alias name to an 12C address.
The tracer function window will show these alias names additionally to the I2C addresses in
all places, where I2C addresses are used.

To add a new alias name simply press on the Add button. A new form will be opened
asking for the I2C address. After entering the desired 12C address, the user can simply click
somewhere outside the form. This will add the I2C address to the table and close the form.
In the table the user can click into the ”Alias” cell of the new row and enter the desired alias
name.

IRD/Plug-Ins

When debugging complex problems it is very time-consuming to compare the transferred
raw data with the data-sheets of the used ICs. That is why I2C Studio offers the I2C Register
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Description (IRD) and the plug-in interface.

Using IRD or the plug-in files I2C Studio can display the raw data in an interpreted format.
This higher-level view displays the meaning of the transferred data for an IC. This means that
e.g. I2C Studio displays that 20 °C” has been read from the "External Temperature” register
of a temperature sensor.

IRD is a XML based file format, which can be used to describe the register and values of
an IC. The plug-ins can be written with any programming language supporting Microsoft’s
NET framework. I2C Studio comes along with a large number of ready to use IRD and plug-
in files. In addition the user can write its own files.

To assign an IRD or plug-in file to an I2C address, simply open the "IRD/Plug-In” combo
box in the appropriate row of the table and choose the desired IRD or plug-in file. If there is
not already a row for the desired I2C address, use the Add button.

User written IRD and plug-in files must be copied to the following folders:

IRD <Documents>\I2C Studio\ird
Plug-In <Documents>\I2c Studio\plugins

12C Address Scan

When working with an existing system, it is not always known, which I2C addresses are used
by the 12C slaves. To examine an I2C-bus an I12C address scan can be started by pressing the
Scan button.

The address scan tries to read data from each valid I12C address. If the read is answered,
this 12C address gets marked as to be in use.

Note: The I2C address scan does not necessarily find all I2C addresses, which are
in use. A lot of I2C devices on the market do not comply exactly to the I2C
specification. Furthermore the I2C slave can be in a busy state, while the 12C
address scan is running.

The result of the I2C address scan is shown in the first column of the table. The icons have
got the following meaning:

12C address is in use
12C address is not in use or no I2C address scan has been run
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5.6 Analog Mode

5.6.1 Introduction

The normal I2C tracer is a great help to debug most of the daily problems when working with
I2C-busses. In some cases the digital view of the 12C-bus gives the developer not enough
information to fix his problems.

In such situations the analog mode of the tracer comes into play.

Note: Not all I2C interfaces support the analog mode: some I2C interfaces does not
support this feature at all, other require a special license.

The analog mode works like a stand alone oscilloscope. The user specifies a trigger condi-
tion and some other parameters and starts the analog mode. As soon as the trigger condition
gets fulfilled by the data transferred on the 12C-bus, the 12C interface starts to record ana-
log samples of the SCL/SDA lines. Like with a stand alone oscilloscope the sample depth is
limited by the sample buffer on the I2C interface:

I2C Interface Sample Depth
telos Tracii XL 64 kSamples/line
telos Tracii XL 2.0 256 kSamples/line

After the sampling has been completed, the data gets transferred to the PC. When the trans-
fer is completed, the analog mode can be restarted

I2C Studio visualizes the analog data in parallel to the I2C messages and the levels of the
input testpins.

5.6.2 Acquire Analog Data

The waiting for the trigger can be activated by using the menu item ADC|Start or by using
the Start ADC button in the toolbar. After selecting start the Start ADC button gets greyed out
and the Stop ADC button gets enabled.

When the analog mode has found the trigger condition on the I2C-bus and the analog data
has been transferred to the PC, the Start ADC button gets activated again.

Starting the acquisition of the analog mode again will not delete the samples of the previous
acquisitions. There are two ways to delete the acquired analog data. The Clear All will delete
the samples together with the traced I2C messages and the levels of the input testpins. The
menu item ADC|Clear will delete only the analog data.

In some situations trigger conditions do not really help to find a problem, e.g. if there the
lines of the I2C-bus have not been connected correctly. For such situations I12C Studio offers
the manual shot, which can be started using the menu item ADC|Manual Start. This starts the
sampling of the analog data immediately.

5.6.3 Configuration

There are a lot of options, which can be configured for the analog mode. The configuration
dialog can be opened by clicking on the ADC|Options menu item. Figure ?? shows the config-
uration dialog.

The following parameters can be configured:
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Figure 5.4: ADC Options: Event Trigger

Sampling Rate Defines how many samples per second get recorded. Because the sample
depths of the I12C interfaces are limited, this parameter also defines the length of the
shot. Typically the sampling rate should be at least at factor 10 higher than the highest
I2C clock rate on the I2C-bus. So if the system under test uses 12C clock rates up to 100
kHz, the sampling rate should be at least 1 MHz to get a good resolution of the recorded

signal.

Pretrigger For most scenarios the developer is interested not only in the analog waveform af-
ter the trigger condition, but also some samples before the trigger condition are needed.
The pretrigger value defines, how many samples should be recorded prior and after the

trigger condition.

Trigger Selection 12C Studio offers three groups of ADC trigger conditions. The active one

can be selected using this option.

Miscellaneous Normally the ADC module takes only one shot after receiving the trigger
condition. If the Automatic Restart switch is enabled, I2C Studio waits automatically

for the next trigger after the previous ADC shot has been completed.

Note:

may miss some trigger conditions.

There is always a short time between finishing the sampling of one shot and
reactivating the trigger module for the next one. Due to this fact I2C Studio

When the user changes the Trigger Selection, the left part of the dialog gets changed.
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5.6 Analog Mode

Event Trigger
The event trigger group contains very basic trigger conditions. It is possible to trigger on the

following I2C events:

e START condition
e STOP condition

e acknowledge

e not acknowledge
e 12C protocol error

If more than one condition is enabled, the ADC shot gets triggered when one of the enabled

conditions is fulfilled.
These triggers are very easy to configure and use, but on an 12C-bus with heavy load they
are only of limited use, because e.g. normally all I2C messages start with a START condition.
Besides the trigger on I2C events this group also contains triggers for the input testpins. A
high-low transition on an input testpin can be used as trigger condition.

Message Trigger
I ADC [
Message Trigger Sampling Rate
Message Count Trigger 1,00 MHz ']
nth Message |10 |=
Pretrigger
12C Everts 4126 = [Samples/Channel]
[T 12C Protocol Emor =
Testpin Everts
[ Input Testpin 0{Low) [7] Input Testpin 1 (Low) Oms 413me 262.14ms
Trigger Selection
) Evert
@ Message Court
() Enhanced
Miscellaneous
[ Automatic Restart

Figure 5.5: ADC Options: Message Trigger

In some cases the developer knows exactly at which position the message of interest is sent.
In such a scenario the Message Count Trigger can be used. If this value is set e.g. to ”10”, the
shot is triggered with the 10th message seen on the I2C-bus, after pressing the Start ADC

button.
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Additional it is possible to trigger on an I2C protocol error and on high-low transitions of
the input testpins.
After one of the enabled trigger conditions get fulfilled, the ADC shot is triggered.

Enhanced Trigger
T ADC -3 |

Enhanced Trigger Sampling Rate

Address 1.00 MHz ']
Erable G0 7B - |(w) S—
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4 X ) 5 X [Hex]() & X v 7 % [Hex] @) Oms 413ms 262,14 ms
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Feset || oK || Cancel

Figure 5.6: ADC Options: Enhanced Trigger

On an I12C-bus with several devices connected to complex trigger conditions are needed. In
such scenarios the Enhanced Trigger mode could be used, which can be seen in figure ??.

Using the Address field it is possible to trigger on I2C messages, which are sent to a device
with the specified slave address. Furthermore it is possible to configure the direction of the
transfer to be triggered on:

W The master writes data to the slave.
R The master reads data from the slave.

R/W The master reads or writes data from/to the slave.

The Data Bytes field can be used to trigger on specific values for data bytes. E.g. the dialog
in figure ?? has been configured to trigger, when the second byte of an I2C submessage equals
”0x20” and the lower 4 bits of the third byte equals ”"0x03”.

All values in the Address and the Data Bytes field must be fulfilled in the same 12C sub-
message to trigger the ADC shot.

To give a small example of the Enhanced Trigger usage lets assume the following setup:
there is I2C slave at address 0x30, whose high-level protocol is register-based. The registers
are addressed by a 8-bit register pointer. The user wants to get an analog shot of the time
when the I12C master reads data from register “0x55”.
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For this scenario the user would set the Address field to “0x30” and “"W”. In the Data Byte
field the user would set the first byte to “0x55” and all other bytes to Don’t Care (XX).
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5.7 Time View
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Figure 5.7: Time View

The time view offers a visualization of the traced data in the time domain. Figure ?? shows
the time view.

The visualization can be divided into three parts: frame data, analog data, and input testpin
data. All parts are synchronized.

Note: The timing information of the I2C interfaces “telos Connii MM” and "telos
Connii MM 2.0” are not accurate. Due to this reason the time view gives only
a rough information of the timing on the I2C-bus for these I2C interfaces.

5.7.1 Frame Data

The frame data part displays the data, which has been recorded on the I2C-bus. The following
symbol are used for the visualization:

I START condition
- STOP condition

data byte with ACK
[2°] data byte with NACK
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Analog »
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Figure 5.8: Time View: Context Menu

It is possible to change the radix of the displayed data bytes using the context menu.

Using the context menu switch Virtual Bit Level (see figure ??) it is possible to enable a sec-
ond interpretation of the I2C data. This view shows the high/low transitions of the SCL/SDA
lines.

Note: The ”Virtual Bit Level” view is not based on timing information measured on
the I2C-bus. The timing of the real transitions on the I2C-bus may differ from
the one in the visualization.

If the option Messages Tool Tips in the context menu is enabled, additional information
about an I2C message are shown, when the mouse cursor is moved over the elements of this
I2C message.

5.7.2 Analog Data

The analog data part shows the analog electrical levels on the 12C lines SDA and SCL.

During the development process the developer often needs to have a look at the electrical
layer of the I2C-bus. The I12C-bus has got several parameters like e.g. the bus termination or
the cable capacitance, which the I2C-bus has to fulfil to get a working set-up.

Adjusting these parameters is much easier, if the user has got a view of the electrical lev-
els. Standard digital oscilloscopes come to their limitation, if they are used for the I2C-bus,
because most of them cannot trigger on I2C conditions.

The switches in the context menu under Analog can be used to enable or disable the view
of the SCL and/or SDA analog data.

The position of the trigger in the analog data gets marked with a blue line.
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5.7.3 Digital Input Lines

The transitions on additional digital input lines (input testpins) can be monitored in the third
part of the time view.

The number of the available lines depend on the used 12C interface.

If the bus type has been set to SMBus for the tracer function window, the lines get renamed
from “Pin 0” to "Alert” and from “Pin 1” to "Suspend”. This reflects the special meaning of
the lines for the SMBus.

The visualization of the input testpins can be enabled or disabled using the context menu
items under Testpins.

5.7.4 Navigation

There are various methods to navigate within the time view.

One method is to simply use the vertical scroll bar. With this scroll bar it is possible to move
forward and backward in the traced I2C data. This is a good method to navigate within the
data bytes of one message, but it can be quite difficult to find e.g. the beginning of the next
I2C message.

In such a situation another method comes into play. There are several < and > buttons.
They have got the following meaning in the different parts of the time view:

Frame Data Jump to the previous or next START condition.
Analog Data Jump to the previous or next beginning of an analog shot.

Digital Input Lines Jump to the previous or next transition of the line.

E Go To Message Iﬁ

Message (0..54)
26

[ ok || cancel |

Figure 5.9: Time View: Go To Message

To jump to an I2C message with a known number, the ”"Go To Message” dialog can be used,
which is shown in figure ??. This dialog can be opened using the context menu item Go To
Message.

By double-clicking somewhere into the data all other views are synchronized to this time.

5.7.5 Zoom

At the upper right corner of the time view there are four buttons to zoom in the visualization.
The buttons have got the following meaning;:
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J"':I |“| maximum zoom out
é‘"":l ~  zoom out

J"i *  Zzoomin

J"':I hl‘ maximum zoom in

There is an additional way to zoom into the data. By holding the left button of the mouse
down while moving the mouse over the time view it is possible to select a part of the currently
visualized data. Using Zoom Selected from the context menu this part can be magnified to
the full width of the time view window.

5.7.6 Measuring

The time view offers two cursors, which can be used to measure the signals on the SDA and
SCL lines. The cursors can be moved by holding down the left mouse button over one of the
cursors.

The upper box of each cursor displays the time difference between the left border of the
time view and the cursor. The time corresponds to the time ruler on the upper part of the
time view.

If there is analog data available under the current position of the cursor, the corresponding
voltages of the SDA and SCL line are displayed on the left side of the time view.

Some more time information can be found in the “Info” box at the upper part of the time
view. The values of this box have got the following meaning:

Time Range Describes the length of time of the data currently displayed starting from the
left side and ending with the right side of the time view.

Start Time Time of the left edge of the time view measured from the time, when the tracer
has been started.

Time Interval The time between the two cursors.

Frequency “Time Interval” converted to a frequency value. This can be used to determine
e.g. the frequency of an I2C master by measuring the bits of an analog shot.

Radix Radix currently used by the time view. It can be changed using the context menu.

5.7.7 Export/ Copy to Clipboard

The visualization of the time view can be exported to an image. This image can be stored in
an external file or in the system’s clipboard.

To export the image to a file simply use the menu item File|Trace Data|Export. This opens
the wizard for exporting the recorded I12C data. On the first page of the wizard the user must
select the type of view which should be exported to the file. After choosing “Time View” a
second page gets opened, which is used to configure what data should be exported, see figure
2?

If the image should be used in another MS Windows application, it can be exported directly
to the clipboard of the system. This can be done by selecting Copy to Clipboard from the
context menu of the time view. This opens directly the options page of the export wizard.
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Figure 5.10: Time View: Export

The wizard will export those data, which is currently visible in the time view. If the user
wants to export the complete traced data, he must zoom out so that everything is visible in

the view and start the wizard.
The option page offers the following parameters, which can be configured:

Format The user can choose between the following three image formats:

Bitmap (*.bmp) Very common format in the MS Windows world, which is supported
by nearly all programs. As these files are not compressed, they get quite large.

Joint Photographic Experts Group (*.jpg) Format offering a very high, butlossy com-
pression. Has been developed for the storage of photographs, so that it does not
offer a really good image quality for I2C Studio’s purposes.

Portable Network Graphics (*.png) Offers a good lossless compression resulting in
acceptable file sizes. Very good suitable for files created with I2C Studio.

Tagged Image File Format (*.tif) Offers a good lossless compression resulting in ac-
ceptable file sizes. Very good suitable for files created with I2C Studio.

Resolution Defines the width and the height of the images to be created. The user can only
specify the width, the height gets calculated automatically.

Optimized For If the user selects to export several I2C messages at the same time, he will
always result into images, whose resolution is too low to see any interesting details.
To solve this problem, I2C Studio offers a functionality to split the result into several

separate image files.
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This option configures the number of images, which are created. To make the user the
decision, how many images are needed, very easy, he can simply specify the needed
resolution as frequency.

Let us assume the traced 12C-bus uses a clock rate of 400 kHz. For this set-up the user
would simply select an "Optimized For” value of 400 kHz. If there are analog shots
of the electrical levels available, typically higher frequencies like e.g. 6 MHz should be
selected.

Channels Sometimes the user do not want to export all available parts of the time view. Us-
ing these switches the miscellaneous parts can be selected or deselected to be exported.

Misc The "Timescale” options defines, whether a timescale is added to the exported files or

not.

Status Displays the number of images, which will be created, when user would export the
data with the current settings.
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Figure 5.11: Time View: Exported Data

After clicking on Next > the third page of the wizard gets visible. On this page the user
must enter the name of the file to be created. A click on the Finish button finally starts the
creation of the file(s). Figure ?? shows a typical file, which has been created using the export

wizard.
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5.8 Message View

Very often during the development process the exact timing information of each byte are not
of interest. Instead the developer needs information about the transferred data. This is the
domain of the message view in I2C Studio.

There are three different modes in the message view: raw mode, register mode, and value
mode. It is possible to switch between these modes by using the toggle buttons at the upper
part of the message view.
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43 Tracer EEattery 200 00 O
... Dummy Tracer (1) 1 IR ] (F]0x08 560,00 ps  12:46 h 10,00 ps [ 101 A
Battery = 3 00 00 DB
H| [F]oxos 560,00 P 12:46 h 10,00 s 102
Battery = 300 00 E1
3 (3] ox08 560,00 ps  12:46 h 10,00 ps [ 103
Battery 300 00 F7
4+ 6] 0X08 560,00 Ps  12:46 h 10,00 ps [@ 104
Battery = 300 00 95
s ERLEE ] (7]0%08 560,00 us  12:46 h 10,00 ps @ 105
[5r] Battery 2 FF FF A7
& (5] 560,00 ps  12:46 h 10,00 ps [@ 106
= 3 FF FF 9D
7 (6 560,00 P 12:46 h 10,00 ps 107
= 301 00 BA
5 (5] 560,00 ps  12:46 h 10,00 ps [@ 108
2CF 08 62
3 (6] 560,00 Ps  12:46 h 10,00 ps [ 109
[5F] Battery = 3 BO 04 38
10 EREIE][F]0x08 560,00 us  12:46 h 10,00 ps [@ 104
[5p] Battery 2 FO FF EE
11 EHEIE ] (F]0x08 560,00 ps  12:46 h 10,00 ps [ 108
Battery = 3 F1 FF 85
12 (6] 0x08 560,00 P 12:46 h 10,00 s 10¢
Battery = 305 00 64
13 (3] ox08 560,00 ps  12:46 h 10,00 ps [ 100
Battery 363 00 F9
14 (6] [mjox0s 560,00 Ps  12:46 h 10,00 ps [@ 1 0E
Battery = 363 00 C3
15 EREHE][7]0x08 560,00 us  12:46 h 10,00 ps @ 10F
[5r] Battery 3 5F 09 EF
16 EHEIE ] [F]0x08 560,00 ps  12:46 h 10,00 ps [@ 110
[E) Eattery = 360 09 60
17 (6 [F]oxos 560,00 P 12:46 h 10,00 ps aE
Battery = 314 14 D3
18 (3] 0x08 560,00 ps  12:46 h 10,00 ps [@ 112
Eattery 322 12 69
19 (6] Ox08 560,00 Ps  12:46 h 10,00 ps [ 113
Battery = 3 FF FF B4
20 EREHE][7]0x08 560,00 us  12:46 h 10,00 ps [@ 114
[5p] Battery 2 FO 00 EG
21 EH[EE ] (F]0x08 560,00 ps  12:46 h 10,00 ps [ 118 5
(A eIe] BAtTery = 2 EF FE O

|22 workspace [,3Find | Time View | Wessage View | Live View [ Statistic View
||| Dummy [0EA4A] | 2C | 2C Vee: 5,00 | 100 Ohm | Messages: 42.461

Figure 5.12: Message View: Raw Mode

Figure ?? shows the message view in the raw mode. The I12C data, which has been traced
on the 12C-bus, gets displayed as a table.

5.8.1 Navigation

On the right border of the view there are some controls to navigate within the table.
The buttons have got the following functions:

Jump to the first message.
Jump to the previous message.
Jump to the next message.
Jump to the last message.

K <> M
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5.8 Message View

Another method to navigate in the I2C data is the thumb wheel. By moving the wheel up
or down the message view starts to scroll upwards or downwards. After releasing the wheel,
the scrolling stops. Scrolling speed is affected by the angle of the wheel.

Next to the buttons and the thumb wheel there is another control, which displays the cur-
rent position within all I2C messages. This control can be used not only to determine the
position but also to jump to a specific position. The user can simply click into the control to
define the new position, which should be visualized by the message view.

To jump to an I2C message with a known number, the “Go To Message” dialog can be used,
which is shown in figure ??. This dialog can be opened using the context menu item Go to
Message.

By double-clicking on a row containing an I2C message all other views get synchronized to
this message.

5.8.2 Raw Mode

The raw mode displays the data bytes as they get transmitted on the 12C-bus.
Each row of the table contains one I2C message. If an 12C message consists of several 12C
submessages, they are displayed among each other.

Hex Radix <

7 Bit Address <

Abs. Time: Short -

Go to Mes +

Copyto C +

Display v ([+] mMumber
¥ | Status
[v] Address
[v] Msg. Time
Abs. Time
Idle Tirme
Direction
Data Length
Data

Figure 5.13: Message View: Context Menu

The columns of the table can be enabled or disabled using the context menu items under
Display, see figure ??. They contain the following information:

No Position of the I2C message within the traced messages.

Status The three icons have got the following meaning;:
1st Icon Shows whether the I2C messages has been transferred successfully:

no error
I2C address has not been acknowledged
one of the data bytes has not been acknowledged
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2nd Icon Shows whether the I2C message has been transferred in the high-speed mode:

I2C normal-speed
2] I12C high-speed
3rd Icon Shows whether the START and the STOP conditions have been send one the
12C-bus:
=] only START condition
START and STOP condition
L= only STOP condition

Addr Address of the 12C slaves, which has received the 12C message. As default the address

Msg.

Abs.

gets displayed as a 7-bit addresses with a hexadecimal representation. The numeric for-
mat can be changed using the context menu item Hex Radix. Some data sheets specify
the I2C addresses in the 8-bit format. This format can be enabled in the message view
with the 7 Bit Address switch in the context menu.

The icons can have got the following meaning;:

7-bit 12C address
7-bit I2C address (8-bit representation)
10-bit 12C address

If an alias name has been registered for the displayed I2C address, this name gets shown
in this column.

Time The message time is measured from the first START condition of the I2C message
to the STOP condition.

Time The absolute time is the time of the first START condition. The user can choose
between three different formats using the context menu item Abs. Time: Short. The
formats "Short” and “Complete” refer to the real-time clock of the PC. In the format
"Relative” the time is relative to the time, when the I12C tracer has been enabled the first
time.

Idle Time The idle time is measured from the STOP condition of the previous I2C message

to the START condition of the current I2C message.

Dir An I2C message can be transferred into two directions. This column displays, which one

has been used:

master transmitter
master receiver

Length Number of data bytes (does not include the bytes of the I2C address).

Data Data bytes (does not include the bytes of the I2C address). Using the context menu it is
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5.8 Message View

File Edit Tracer ADC Access Tools Language Help
L 2 | J &
New Open Save All Start Stop Start ADC  Stop ADC | Clear All Slave
Workspace L X Start Page +”Dummy Tracer (1) - X
=13 Workspace
.02 Master (©) RawMode @ RegsterMode () Value Mode
8 ?:f;"”e Tester Ne. Status  Addr S PN e FY st e Dx) o Dats
O[GHEm [T]0X0B Battery 560,00 ps  12:46 h [ manufacturer access (0x00) 00 00 =
=3 Tracer i [l [T]0X0E Battery 560,00 ps  1z:46 b 10,00 ps [mRemaining Capacity Alarm 00 00
‘... B, Dummy Tracer (1) 0x01) A
Battery 560,00 us  12:46 h 10,00 ps [ Remaining Time alarm (0x02) 00 0o
Battery 560,00 s 12146 h 10,00 ps [ Battery Mode (0x03) 00 00
Battery 560,00 s  12:46 h 10,00 ps [ At Rate (0x04) 00 00
Battery 560,00 ps  12:46 h 10,00 ps [m At Rate Time To Full (oxos) 57 G5
Battery 560,00 ps 12:46 h 10,00 ps [Eg AT Rate Time To Empty (0x08) FF FF
Battery 560,00 s  12:46 h 10,00 ps [ At Rate 0K (O0x07) 01 00
Battery 560,00 ps  12:46 h 10,00 ps [EX Temperature (OX08) CF 0B
Eattery 560,00 ps  12:46 h 10,00 ps g voltage (ox08) 80 04
Battery 560,00 S 12:46 h 10,00 ps [ Current (Ox0A) FO FF
Battery 560,00 S  12:46 h 10,00 §s [ Average Current (Ox0B) F1 FF
Battery 560,00 ps  12:46 h 10,00 ps [fE Max Error (0x0C) 05 00
Battery 560,00 s 12146 h 10,00 ps [ Relative state Of charge 62 00
(oxon)
Battery 560,00 s 12146 h 10,00 ps [E Absolute state OF Charge 62 00
(0X0E)
1 Battery 560,00 ps  12:46 h 10,00 ps [E Remaining capacity (oxoF) 5F 09
1 Battery 560,00 U3 12:46 h 10,00 ps [ Full Charge Capacity (0x10) 80 09
1 Batrery 560,00 s 12:46 h 10,00 ps [EF Run Time To Empty (ox11) 14 14
1, Battery 560,00 us  12:46 h 10,00 us [ Average Time To Empty (0x1z) 23 12
1 Battery 560,00 S  12:46 h 10,00 Us [ Average Time To Full (0x13) FE FF
2 Battery 560,00 S 12:46 h 10,00 ps [ Charging Current (0x14) FO 00
2 Battery 560,00 ps  12:46 h 10,00 ps [g charging voltage (0x15) 57 G5
2. BaTtery 560,00 Ms  12:46 h 10,00 §s [EF BATTery Status (0X16) 40 00
2 Battery 560,00 s  12:46 h 10,00 ps [ Cycle Count (0x17) F& 07
2 Battery 560,00 pys  12:46 h 10,00 ps [E¥ Design Capacity (ox1s) 60 09
2! Battery 560,00 ps  12:46 h 10,00 ps [E Design voltage (ox19) EO 04
2 Battery 560,00 U3 12:46 h 10,00 ps [ Specification Info (Dx1A) 31 00
2 Batrery 560,00 s 12:46 h 10,00 ps [EF manufacture Date (OX1B) 91 46
2 Battery 560,00 ps  12:46 h 10,00 ps g serial number (0x1C) 32 E5
2 Battery 207,50 US 12346 h 6,25 us [ Manufacturer Name (0x20) 74 65 6C &F 73
305g [T)0X0B Battery 387,50 pUs  12:46 h 2,50 ps [E Device Name (0x21) 53 6D 61 72 74 20 42 61 74 74
&5 72 79
31[Eg [[)0x0B Battery 185,00 ps  12:46 h 2,50 ps [E Device Chemistry [0x22) 4E 69 43 &4
32[@F [T)0x0B Battery 315,00 us  12:46 h 2,50 ps [E Wanufacturer Data (0x23) 85 B9 E4 64 65 E6 4E 62 91 5A
BE BE BE EC 23 33 45 AD ES 5D
84 1B E7 33 84 A 6F AF 17 14
13 07
33Eg charger 117,50 js  12:46 h 52,50 ps [F Charger Spec Info [0x11) 01 00
E charger 92,50 ps  12:46 h 52,50 [ charging Current (ox14) €8 03
3 charger 92,50 ps  12:46 h 52,50 harging voltage (0x15) FE FF
2 charger 92,50 ps  12:46 h 52,50 larm warning (0x16) 00 &0 B
3 ADM 380,00 ps  12:46 h 6,25 status (0x02) oo @
(23 Workspace ],)Fmd\ Time View | Message View | Live View | Statistic View
Dummy [0xEA4A] | I2C | 12C Vee: 5,00V | 100 Ohm | Messages: 42461

Figure 5.14: Message View: Register Mode

5.8.3 Register Mode

If IRD or plug-in files have been registered, the register mode offers a high-level view of
the transferred data. The user can see, which data gets read or written from or to a specific

register.

Figure ?? shows the register mode. The visualization is based on the same data as the raw
mode shown in figure ??. So e.g. the first I2C message has been converted from transmitting of
”0x00” and receiving of “0x00 0x00 0xCD” into reading “0x00 0x00” from the “Manufacturer

Access” register.

The columns have got the following meaning:

No See section ??.

Status The two status icons have got the following meaning;:

1st lcon Shows whether the I2C messages has been transferred successfully:

no error

I2C address has not been acknowledged
one of the data bytes has not been acknowledged

2nd Icon Shows information about the SMBus feature “Packet Error Checking” (PEC):
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no PEC checksum available
PEC checksum available and ok
PEC checksum available and wrong

Addr See section ??.

Msg. Time See section ??.
Abs. Time See section ??.
Idle Time See section ??.

Dir The data can be read from the register and written to it. This icon specifies the direction:

data is written to the register
data is read from the register

Register Name of the register. The address pointer value of the register is specified in brack-
ets after the name.

Data Data bytes, which have been read from the register or written to it. Using the context
menu it is possible to change the numeric format. The default format is hexadecimal.

5.8.4 Value Mode

Like the register mode the value mode is based on IRD or plug-in files, too. It offers a visual-
ization of the messages one level higher than the visualization offered by the register mode.
In most cases one register does not contain exactly one value. E.g. a 8-bit register can contain
eight status bits or a 32-bit value is stored in four 8-bit registers.

This mode converts the transferred raw data to their meaning on the value level. Figure
?? shows the message view in the value mode. Lets take message three as an example. The
I2C message with the raw data “0x03” and ”0x00 0x00 0xF7” has been converted to several
values. This transfer reads e.g. "Not Supported” from the "Internal Charge Controller” value
of the IC.

The columns of the message view have got the following meaning in this mode:

No See section ??.

Status The two status icons have got the following meaning:

1st Icon Shows whether the I2C messages has been transferred successfully:

no error
I2C address has not been acknowledged
one of the data bytes has not been acknowledged

2nd Icon Shows information about the SMBus feature “Packet Error Checking” (PEC):

no PEC checksum available
PEC checksum available and ok
PEC checksum available and wrong

3rd Icon Shows whether the data is within the allowed range or not:
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—
File Edit Tracer ADC Access Tools Language Help
L 2 | Q 7 | &
New Open  Save All Start Stop | StartADC Stop ADC | Clear Al Slave
Workspace L X Start Page " Dummy Tracer (1) | - X
=3 Workspace
- Master ©) RewMode () Register Mode @ Value Mode
Negative Tester - : -
g pass Ho. Status Msg Time  Abs.Time  ldeTime  Dir Value Dats Registers
cript o 560,00 us  12:46 h Manufacturer Access 0 (0x00) 0x00 (0.0..1.7) =
=43 Tracer
[, Dummy Tracer (1) 560,00 Us  12:46 h 10,00 us [ Remaining Capacity 0 maAh @ C/5 (0x0000) Ox01 (0.0..1.7) ~
Alarm
560,00 ps 12:46 h 10,00 ps @ Remaining Time Alarm 0 min {(0x0000) 0x02 (0.0..1.7)
560,00 s  12:46 h 10,00 us [ Internal Charge Not Supported (Ox00) o0x02 (0.0)
controller
[EX Primary Battery Support Not Supported (0x00) o0x03 (0.1)
[ condition Flag Battery oK (0x00) ox032 (0.7)
charge controller Internal charge Control 0x02 (1.0)
Enabled Disabled (0x00)
Primary Battery Battery Operating In It 0x03 (1.1)
Frimary Role (0x00)
alarm Mode Enable alarmwarning 0x03 (1.5)
Eroadcasts (0x00)
charger Mode Enable chargingvoltage 0x03 (1.6)
And chargingcurrent
Broadcasts (0x00)
[ capacity Mode Report In mA Or mAh o0x02 (1.7)
(0%00)
560,00 ps 12:46 h 10,00 ps AT Rate 0 mA (0x0000) 0x04 (0.0..1.7)
560,00 ps 12:46 h 10,00 ps At Rate Time To Full Not Charged min 0x05 (0.0..1.7)
(OXFFFF)
560,00 s 12:46 h 10,00 s AT Rate Time To Empty  Not Discharged min 0%06 (0.0..1.7
(O0xFFFF.
560,00 s 12:46 h 10,00 ps AT Rate OK False (0x0001) oxo7
560,00 ps  12:46 h 10,00 ps Temperature 302,30 *K (OX0BCF) oxos (0.
560,00 ys  12:46 h 10,00 ps [EF voltage 1200 mv (0X04B0) ox03
560,00 US  12:46 h 10,00 us [ Current -16 mA (OxFFFO) Ox0A (0.0..1.7)
560,00 s  12:46 h 10,00 us [ Average Current -15 mA (OxFFF1) Ox0B (0.0..1.7)
560,00 ps 12:46 h 10,00 ps @ Max Error 5 ¥ (0x0005) 0x0C (0.0..1.7)
560,00 ps 12:46 h 10,00 ps [gx] Relative State Of 99 ¥ (Ox0063) 0x0D (0.0..1.7)
charge
560,00 ps 12:46 h 10,00 us @ Absolute State of 99 ¥ (Ox0063) Ox0E (0.0..1.7)
charge
- 560,00 s 12:46 h 10,00 us [ Remaining capacity 2399 mah (OX095F) OXOF (0.0..1.7)
Battery
16 [EEDES [T] 0x0E 560,00 Ps  12:46 h 10,00 ps Full charge Capacity 2400 mAh (0X0960) 0%10 (0.0..1.7)
attery
17 CEEgEs (7] 0x0e 560,00 ps  12:46 h 10,00 ps Run Time To Empty 5140 min (0x1414) ox11 (0.0..1.7) E]
Battery
15 [oxlfeg)ies] [7] ox08 560,00 ps  12:46 h 10,00 ps [E Average Time TO EmpTy 4643 min (0x1223) oxiz (0.0..2.7) | |[2]
23 Workspace [, Find | | Time View | Message View | Live View [ Statistic View
ummmy [0EA4A] | 2C | 12C Vee: 5,00V | 100 Ohm | Messages: 42.461 |

Figure 5.15: Message View: Value Mode

data is within the range
data is out-of-range / invalid

Addr See section ??.

Msg. Time See section ??.
Abs. Time See section ??2.
Idle Time See section ??.

Dir The data can be read from the register and written to it. This icon specifies the direction:

data is written to the value
data is read from the value

Value Name of the value.
Data Data, which has been read from the value or written to it.

Registers Gives detailed information about the registers, which are used to store the data of
this value. The register are specified in the format “Oxaa (b.c) or "Oxaa (b.c..d.e)”. "aa”
is the address pointer of the register, "b” and ”"d” are the n-th byte of the register and
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”c” and “e” are the n-th bit of this byte. So e.g. ”0x10 (0.0..0.7)” stands for the first byte
of register “70x10”.

5.8.5 Export / Copy to Clipboard

I Export @

Configuration

Message View
Format
Text [AsCIl () v| © Plain

© zp
Line Width 9215 © GzZp
Message Range
Start Message 1= End Message 5415
Maode Columns Absolute Time Mode
@ Raw View MNumber Message Time Data Length
() Register View Flags Absolute Time Data
) Value View Address Idle Time
[ <Back |[ HNeds [ Cancel

Figure 5.16: Message View: Export

The traced I2C data can be exported to an external file or to the clipboard using the visu-
alization of the message view. The exporting to a file gets configured using a wizard, which
can be started via the File|Trace Data|Export menu item. After selecting "Message View” on
the first page of the wizard, the wizard should look like that one, which is shown in figure ??.

To export the data to the system’s clipboard, simply select Copy to Clipboard in the context
menu of the message view.

The option page of the export wizard offers the following options:

Text The user can select between three different formats:

ASCII (*.txt) The data gets exported to a formatted ASCII file. Using the “Line Width”
parameter it is possible to configure the width of the created table. This format is
humanly readable.

Character Separated Values (*.csv) The CSV format can be imported into a lot of pro-
grams like e.g. Microsoft Excel or OpenOffice. Furthermore it is very simply to
write own parsers for this format. It conforms to RFC 4180. With the ”"Separator”
switch the user can select, whether the cells in the file should be separated with
commas or semicolons.
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HyperText Markup Language (*.html) Creates a humanly readable HTML file, which
can be viewed with most standard WWW browsers like e.g. Mozilla or the Internet
Explorer. It conforms to XHTML 1.0.

Compression If the data is exported to a file, it is possible to compress the data:

Plain Do not use any compression.

Zip Use the ZIP format, which is supported by most compression tools on MS Windows
like e.g. WinZip or 7-Zip.

GZip Use the gzip format, which is very common in the Linux world, but also sup-
ported by most tools on MS Windows.
Message Range Specifies the messages, which should be exported.

Mode Like in the GUI there are three modes, which can be chosen.

Columns Defines the columns, which should be exported. The available columns depend
on the selected mode.

Absolute Time Mode Configures the format of the absolute time column. The user can
choose between three different formats. The formats “Short” and "Complete” refer to
the real-time clock of the PC. In the format “Relative” the time is relative to the time,
when the 12C tracer has been enabled the first time.

@ c\templexport html - telos 12C Studio - Merilla Firefox =& ® |
Datei Bearbeiten Ansicht Chronik Lesezeichen Extras  Hilfe
- - @ ﬁ (] files///C:/temp/exporthtml v | B |[Cl=| Google Y
4P Erste Schritte £ Aktuelle Nachrichten £ Golem.de
No. Sub. Status | PEC | Range | Dir. Address Me._r.sage Value Data Register(s)
Msg Time
0 0] OK |OK OK | RX |0x0B Battery 560,00 ps|Manufacturer Access 0 (0x00) 000 (0.0..1.7)] 3
1 0 OK |OK OK | RX |0x0B Battery 560,00 ps|Remaining Capacity Alarm |0 mAh @ C/5 (0x0000) 0x01 (0.0.1.7)f | |
2 0| 0K oK | OK | Rx [0x0B Battery 560,00 ps|Remaining Time Alarm 0 min (0x0000) 0x02 (0.01.7)
3 0 oK |OK OK | RX |0x0B Battery 560,00 ps|Internal Charge Controller Not Supported (0x00) 0x03 (0.0)
1 OK |OK OK | RX Primary Battery Support Not Supported (0x00) 0%03 (0.1)
2] oK oK OK | RX Condition Flag Battery OK (0x00) 0x03 (0.7)
3 oK oK OK | RX Charge Controller Enabled  |Intemal Charge Control Disabled (0x00) 0x03 (1.0)
4 oKk oKk | oK [Rx Primary Battery Battery Operating In It Primary Role (0x00) 0x03 (1.1)
5 OK |OK OK | RX \Alarm Mode Enable AlarmWarning Broadcasts (0x00) 0x03 (1.5)
6 OK |OK OK | RX Charger Mode Enable ChargingVoltage And ChargingCurrent Broadcasts (0x00) 0x03 (1.6)
7 oKk ok | ok |[Rx Capacity Mode Report In mA Or mAh (0x00) 0x03 (1.7)
4 0] OK |OK OK | RX |0x0B Battery 560,00 ps|At Rate 0 mA (0x0000) 004 (0.0..1.7)]
5 0 OK |OK OK | RX [0x0B Battery 560,00 ps|At Rate Time To Full Not Charged min (0xFFFF) 0x05 (0.0.1.7)]
6 0] OK |OK OK | RX |0x0B Battery 560,00 ps|At Rate Time To Empty Not Discharged min (0xFFFF} 0x06 (0.0..1.7)]
7 0] OK |OK OK | RX [0x0B Battery 560,00 ps|At Rate OK False (0x0001) 007 (0.0.1.7)]
8 0l OK |OK | OK | RX |0x0B Battery 560,00 ps|Temperature 301.70 °K (0x0BCS) 0x08 (0.0_17)
9 0| oK [oK | OK | RX |0x0B Battery 560,00 ps|Voltage 1200 mV (0x0450) 0x09 (0.0..1.7)|
10| 0 oK OK | RX |0x0B Battery 560,00 ps|Current -28 mA (0xFFE4) 0x0A
oK ©017)
n 0] OK OK | RX |0x0B Battery 560,00 ps|Average Current -31 mA (0xFFET) 0x08
B (00.17)
12 0 oK OK | RX [0x0B Battery 560,00 ps|Max Error 5 % (0x0005) 0x0C
oK (00.17)
13 0 oK OK | RX |0x0B Battery 560,00 ps|Relative State Of Charge 99 % (0x0063) 0x0D
[£8 ©0.17)
14/ 0 oK OK RX |0x0B Battery 560,00 ps|Absolute State Of Charge 99 % (0x0063) 0x0E
oK (0.0.1.7)
15 0 oK OK | RX |0x0B Battery 560,00 ps|Remaining Capacity 12399 mAh (0x095F) 0x0F
S ©017)
16 0l OK IOK QK | RX 10x08 Batterv 580.00 uslFull Charge Capacit 400 mAh (0x0960}) 0x10 (0.0 170~
Fertig

Figure 5.17: Message View: Exported Data (HTML)

After the configuration has been completed the Next > button opens the third page of the
wizard. This page allows the user to specify a file name. The Finish button closes the wizard
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and starts the exporting of the data. Figure ?? shows some data, which has been exported to
the HTML format.
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5.9 Live View
5.9 Live View

File Edit Tracer ADC Access Tools Language Help

w2 Hle © Ar

2
Open  Save Al Start Stop | StartADC StopADC | ClearAll | Slave

Workspace + X Start Page *"Dummy Tracer (1) = =

=423 Workspace

{23 Master [x08 (7 bit) Battery =
(] Negative Tester
(2D Seript Status  Value R/W Data -
£33 Tracer Manufacturer Access 0 (0x00)

Remaining Capacity Alarm 0méh @ C/5 (0x0000)

Remaining Time Alarm

) Dummy Tracer (1)
0 min ((:0000)

Internal Charge Controller Not Supported (0x00)
Primary Battery Support Net Supported (€x00)
Condition Flag Battery OK (0x00)

Charge Coniroller Enabled
Primary Battery

Internal Charge Control Disabled (0x00)
Battery Operating In It Primary Role (0x00)
000)

Alarm Mode Enable Alarmarning Broadeasts
Charger Mode Enable ChargingValtage And ChargingCurrent Brcadcasts (0x00)

Capacity Mode Report In mA Or mah (0x00)

At Rate 0 mé (0x0000)

At Rate Time To Full Net Charged min (0xFFFF)

At Rate Time To Empty Not Discharged min (GxFFFF)

At Rate OK False (0x0001)

Temperature 369,90 °K (0x0E73) L
Voltage 1200 mV (0:04B0) I
Current -98 mA (OxFF9E)

Average Current -97 mA (OxFF9F)

Max Error 5% (0x0005)

Relative State Of Charge 8% (0x002)

Absclute State Of Charge 98 % (0x0062)

Remaining Capacity 2374 méh (0x0346)

Ful Charge Capacity 2400 méh (0x0960)

Run Time To Empty 1424 min (0x0590)

1453 min (0x05AD)
Nt Charged min (0xFFFF)

240 mA (0xDOF0)

Charger Should Be Current Source mV (G<FFFF)

Charging Is No Longer Detected (0x00)

Charging Is No Longer Detected (0x00)

Temperature Drops Into Acceptable Range (0x00)

Discharge Is No Longer Detected ((x00)

"Remaining Capacity” > "Remaining Capacity Alarm” or "Remaining Capacity Alarm’ == ((x00)
“Average Time To Empty” > "Remaining Time Alarm” Or “Remaining Time Alarm” == 0 (0x00)
Calibration Or Configuration Information Has Been Lost And Accurracy s Significantly Impaired ([

Average Time To Empty
Average Time To Full
Charging Current

Charging Voltage

Over Charged Alarm
Terminate Charge Alarm
Over Temp Alarm
Terminate Discharge Alarm
Remaining Capacity Alarm
Remaining Time Alarm
Initialized

EEEERREEREREEEEREEEREEREREEEREREERRERREREEEE
Bl3EEEEE EEEEEEEEEEEEEE EEEEEEEEEE E R R EEEE ]

Discharging Battery Is Discharging ((x01)

Fully Charged Battery |s No Longer Cansidered In A Full State (0x00)

Fully Discharged “Relative State Of Charge™ > 20% (0x00)

Error Codes OK (00)

Cycle Count 2038 (0x07F6)

Design Capacity 2400 mAh (0x0360)

Desian Voltage 1200 mV (0x04B0) i
3 Workspace J D Find | Time View | Message View | Live View | Statistic View |

m Dummy [0xEA4A] | 12C | 12C Vee: 5,00V | 100 Ohm | Messages: 2.861

Figure 5.18: Live View

The live view shows the user the content, which is currently stored in the values of the
devices on the monitored 12C-bus.

This view is based on the information, which is stored in IRD files. So it can be used only
with I2C devices, for which appropriate IRD files are available and have been registered.

When the I2C tracer is running, this view permanently parses the incoming I2C data to
monitor any changes of the displayed values. Due to this fact the live view can display only
modifications, which have been seen on the I2C-bus. If an I12C device changes e.g. a status
value internally and this value is never read by an external 12C master, the view will not
update its view of the value to the new content. This limitation is equalized by the fact that
the view does not need to send any data actively to the I2C-bus to read out the devices.

In the upper part of the live view there is a combo box, which can be used to select whose
values should be displayed. After one I2C device has been selected, its current values get
displayed in the table. The columns of the table have got the following meaning:

Status Shows the status of the value:

The current content is valid.
The current content is out-of-range.
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Value Name of the value.

R/W Some values are write-only or read-only. This column specifies the allowed directions.

read-only
write-only
read/write

Data Contains the current content of the value. If it is not known, the table shows “Unknown
Value”.

The lines in the table, whose data have changed a minute ago, are highlighted with a bold
face font.

When working with devices, which contain not only a few values but a large quantity of
values, it can be difficult to find the needed values in the tables. To make life easier I12C Studio
offers a feature called “quick watch”. The idea is to add the values of interest into a separate
table.

File Edit Tracer ADC Access Tools Language Help
D 2 |d @ 3] g P
Mew Open  SaveAll Start Stop | Stat ADC Stop ADC | Clear All Slave
Workspace 1 x Start Page } Dummy Tracer (1) | - X
=3 Workspace
[ Master [Quick Watch -
{20 Negative Tester
(2] Seript Status  Value R/W Data
=23 Tracer 0x0B (7 bit) Battery
-, Dummy Tracer (1) Current ~100 mA (0xFFSC)
0x0C (7 bit) Charger

Constant Current At ChargingCurrent Needed mV ((xFFFF)
1000 mA (0x03E8)

Charging Voltage
Charging Current

0x29 (7 bit) ADM 1021 A
Remote Temp. Value
Local Temp. Value
Remate Temp. High Limit

EE
ELE]

-94°C (0xA2)
-83°C (0xAD)
127 °C (0x7F)
55 °C (0+C3)

HEEE
FEEE

Remote Temp. Low Limit
0xE8 (7 bit) DS 1307
Day

Date

5 (0x05)
17 (Gl
4(0xDd)

15 (0x0F)

Menth
Year

BEEE
FEEE

1|22 workspace [;9Find | Time View | Message View | Live View | Statistic View
|l Dummy [0xEA4A] | 12C | I2C Vee: 5,00V | 100 Ohm | Messages: 14.081

Figure 5.19: Live View: Quick Watch

To add a value to the quick watch simply select the appropriate row in the table and use
the context menu item Add To Quick Watch. After the values have been added, the user can
change to the quick watch using the same combo box, which is normally used to select the
displayed device. Figure ?? shows a quick watch to which some values have been added.
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Values can be removed from the quick watch by the context menu item Remove From Quick
Watch, which is available in the quick watch window only.
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5.10 Statistic View

File FEdit Tracer ADC Access Tools Language Help
b2 H © 5] &
MNew Open  SaveAll Start Stop | Start ADC Stop ADC | Clear Al Slave
Workspace nx Start Page  Dummy Tracer (1) - X
(=433 Workspace
Master address Errors sub messages Bytes Len/Sub Message Time/Byte Time/Sub Message
(2] Negative Tester Min. Avg. Max. Min. Avg. Max. Min. Avg. Max. 0 200 400 600 8O0 1000 ps
(3 Seript [F]oxoe o 2.772| 7.476 1 2,70 33 22,50 us 67,50 p§s 92,50 ps 45,00 ps 266,25 ps 767,50 ps [ I
163 Tracer 7] oxoc o 210 504 1 2,40 3 22,50 ps 22,50 ps 22,50 us 45,00 pus 78,75 ps 92,50 ps [N
- [oxas o 840 840 1 1,00 1 90,00 ps 90,00 ps 92,50 ps 182,50 ps 186,25 ps| 190,00 ps [
- () Dummy Tracer (1) [Hoxes o €2 72 1 1,00 1 22,50 ps 22,50 ps 22,50 Us 45,00 ps 46,25 ps 47,50 ps I
Al o 4.494 9.492 1 2,11 33 22,50 ps 62,50 ps 92,50 ps 45,00 ps 210,00 ps 767,50 ps
I C2 workspace [, Find | Time View | Message View | Live View |} Statistic View ;

|I|Dummy[ﬂx54A(] 12C | 12C Vec: 5,00 | 100 Ohm | Messages: 2310

Figure 5.20: Statistic View

The statistic view displays a statistical analysis of the submessages, which have been traced
on the [12C-bus. Using this view the developer gets an overview e.g. which I12C addresses
have been accessed how many times or how long is the average submessage to the I12C slave

at address 0x50.
Figure ?? shows the statistic view. The table of the view contains a row for each I2C address,

to which submessages have been sent. The last row, which is called ”"All”, contains the sum
of all rows.

Note: The statistic is based on I2C submessages. If e.g. an I2C message consists of
two submessages, these submessages are analysed separately.

5.10.1 Statistic

The columns of the table contain the following statistics:

Address 12C address of the slave.

The icons can have got the following meaning;:

7-bit 12C address
7-bit I2C address (8-bit representation)
10-bit I2C address

In the case of transmission errors, it is possible that the lower part of a 10-bit address is
missing. In such cases rows with I2C addresses like “0x0XX"” are shown in the table.

Beside the normal I12C addresses the following values are possible in this column:
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Prot. Error An I2C protocol error can occur e.g. when a STOP condition is not sent
after the 9th data bit but after the 2nd.

SMB Pwr Off The power of a SMBus has been switched off.
SMB Pwr On The power of a SMBus has been switched on.

N/A The I2C address is missing, because e.g. the tracing starts in the middle of an 12C
message so that the START condition has not been recorded.

The interpretation of the I2C address can be switched from the default 7-bit mode to the
8-bit mode, which is used by some data-sheets. This is done using the context menu
switch Hex Radix. Moreover the user can select a decimal instead of the default hex-
adecimal interpretation using the 7 Bit Address item.

Errors Contains the number of I2C submessages, which has been transmitted with errors. If
the I2C address or one of the data bytes has not been acknowledged, this is counted as
erTor.

Sub Messages Number of submessages, which have been sent to this I2C address.

Bytes Sum of the data bytes, which have been exchanged with the I2C slave at this address.
This value does not include the bytes, which are used to transmit the I2C address on the
12C-bus.

Length/Message Number of data bytes contained in the submessages exchanged with this
slave. The minimum, average, and maximum values are shown. This value does not
include the bytes, which are used to transmit the I2C address on the 12C-bus.

Time/Message Length of the submessages as time. The measured time starts with the START
condition and ends with the STOP condition of the submessage. If the submessage does
not contain a STOP condition, because it is part of a combined transfer, the time ends
with the acknowledge bit of the last data byte. The minimum, average, and maximum
values are shown.

Time/Bytes Length of the bytes in the submessages as time. This value takes into account
not only the data bytes but also the bytes, which have been used to transmit the 12C
address.

With the context menu of the statistic view, which is shown in figure ??, the user can disable
or enable the various columns of the table. Furthermore one value can be chosen, whose
result should be visualized with a bargraph. This bargraph displays up to three values with
different grey levels: the minimum, average, and maximum.

5.10.2 Export/ Copy to Clipboard

The statistic can be exported to a file or to the system’s clipboard. The exporting to a file can
be started via the menu item File|Trace Data|Export whereas the exporting to the clipboard is
started using the context menu item Copy to Clipboard.

In both cases a wizard gets started. Figure ?? shows the options, which can be configured:

Text Three different formats are available:

57



5 Tracer

ASCII (*.txt) The data gets exported to a formatted ASCII file. This format is humanly

Character Separated Values (*.csv) The CSV format can be imported into a lot of pro-
grams like e.g. Microsoft Excel or OpenOffice. Furthermore it is very simply to
write ones own parsers for this format. It conforms to RFC 4180. With the “Sepa-
rator” switch the user can select, whether the cells in the file should be seperated

HyperText Markup Language (*.html) Creates a humanly readable HTML file, which
can be viewed with most standard WWW browsers like e.g. Mozilla or the Internet

Hex Radix -

7 Bit Address -
Copy To Clipboard
Errors

Sub Messages
Bytes

Len/Sub Message
Time/5ub Message

Time/Byte

[<L<Csledf<]]

Graphic: Time/Byt -

Figure 5.21: Statistic View: Context Menu

E Export

Configuration
Statistic View

Format

Text [ASCH (o)

Columns
Text

Emars
Sub Mez=ages
Bytes
Graphic

Len/Sub Message
Time/Sub Mezzage

['I"lme,-’B‘yle

)

<Back | [ MNex>

] [ Cancel

Figure 5.22: Statistic View: Export

readable.

with commas or semicolons.

Explorer. It conforms to XHTML 1.0.

Columns Defines the statistics to be exported.
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Graphic In some formats it is possible to visualize one of the values with an additional bar-
graph. This option defines, which value should be exported with a bargraph.

[%] Microsoft Excel - statistic_view.csv =@l =]
B2 patei Bearbeiten Ansicht Einfigen Formet Extras Daten Fenster 2 —ls| x|
NEE8 SRY +B2BT - @ = A 8RB 100% - @) Al B d-A -
AT~ =] Address
A E] C D E F G H T T K T M =
1 |Address Emors  Sub Messages Bytes Ls Min. L - Avg. L Max. Min_ Avg - Max. Time/Byte: Min. Time/Byte: Avg. Time/Byte: Max. —|
2 0x0B 0 16.104 44408 1 276 344500 ps 268,75 ps 790.00 ps 2250ps 67,50 s 9250 ps
3 000 0 1.220 2928 1 24 345,00 ps 7875 s 92.50 ps 2250 ps 2250 ps 2250 ps
4]0x29 0 4.880 4880 1 1 1182,50 ps 186,25 ps 190,00 ps 90,00 ps 90,00 ps 9250 ps
5 |0x68 0 3.904 3.904 1 1 145,00 ps 4626 ps 4750 ps 2250ps 2260 ps 2250 ps
6 Al 0 26.108 56.120 1 215 344500 ps 21125 s 790.00 ps 2250 ps 62,50 s 92,50 ps
7
8
9
10
il
12
13
i
15
16
7 =
147 «]> i)\ statistic_view [«] ([
Bereit NF

Figure 5.23: Statistics Imported Into MS Excel

Figure ?? shows a CSV file loaded into MS Excel, which has been created by I2C Studio.
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5.11 Find
5.11.1 Find Window

I2C Studio offers only an I12C address filter to limit the messages, which get recorded. This can
result into a very large number of messages, if there is heavy load on the examined I2C-bus.
So in the worst case up to 20,000 messages/sec are recorded on an 12C-bus, whose master
work with 400 kHz.

After recording data on such a bus e.g. for one hour, it is nearly impossible to find the
interesting messages by hand. That is why I2C Studio comes with a find window allowing to
define very complex search criterions.

File Edit Tracer ADC Access Tools Language Help

© O

Start Stop Start ADC  Stop ADC | Clear All Slave

Start Page ) telos Tracii XL 2.0 Tracer (3) |

Infa Zoom

Suitme 0" e NA e e

100ps  200ps  300ps  400ps  500ps  600us  700us  800ps
[ 1 i 1 [ I [ 1 [ 1 i 1 [ I [ I [

= ﬂ Sequence
‘ Logic 0

3 Workspace |42 Find I— Time View |Me=sage\hew | Live View | Statietic View
telos Tracii XL 2.0 [0:716] | 12C | 126 Vec: 3.19V 10,90 kOhm | Messages: 0

Figure 5.24: Find Window

Figure ?? shows the empty find window. Within this window the user can specify the rules,
which should be used to search for the interesting data.

Under “"Find Cases” the user can store several collections of find rules, so that he can switch
between different rule sets without deleting and entering them again and again. A new collec-
tion is started by clicking onto the New button. A no longer needed collection can be removed
by clicking onto the Delete button.

The "Rules” area of the window allows to specify the search criterions for one rule set. The
rules are organized in a tree. The icons in the tree have got the following meaning;:
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& Sequence

ANl Logical AND
£R Logical OR
*aH Logical XOR

Rule

After the user has entered the rules, the search can be started by clicking onto the Find >>
button to search forward and onto the << Find button to search backwards. If the developer
has recorded a lot of I2C messages, the search process can take some time. There is a Cancel
button to stop a running search process. The current progress of the search gets visualized in
a progress bar at the lower part of the window.

5.11.2 Rules

There are three groups of items in the tree of the find window: the sequence, logical opera-
tions, and the rules.

The criterions within the sequence must be fulfilled sequentially. So after the first criterion
has been matched, the next one must be matched starting from the point where the first has
been matched, and so on. The sequence forms the top level of the tree.

Into the sequence the user can add logical operations. All rules and logical operations
contained into a logical operation get combined logical.

A rule defines the real search criterion. There are different types of rules, e.g. it is possible
to define an address rule.

Add Logic Operation
| AddRule R Message
Disable Submessage
L3 Address
AND Data
OR Data Any Position
XOR Data Status
Rename Events
Length
Clear All Testpin
IRD Register
IRD Value

Figure 5.25: Find Window: Context Menu

The tree is modified completely with its context menu, see figure ??. The context menu
knows the following items:

Add Sequence Adds an empty sequence.

Add Logic Operation Adds alogic operation. The results of all children under this operation
get combined logically. By default ”ZAND” is used for this combination.
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Add Rule Adds arule.

Disable Disables the item. Its result does not contribute to the search.
Delete Deletes the item permanently.

AND Chooses the kind of used logical operation: AND.

OR Chooses the kind of used logical operation: OR.

XOR Chooses the kind of used logical operation: XOR.

Rename Renames the item.

Clear Removes everything from the tree.

Address Rules

E Address Rules @
Rule Name
Address Rule]
Address m Rules
b0 |7HE > V Address  Alias Status
Status kil x50 ACK/NACK
ACK/NACK - (52 ACK/NACK
Remove Al
Add Rules | [ Cancel

Figure 5.26: Find Window: Address Rules

This type of rule can be used to search for I2C messages to slaves with specific 12C ad-
dresses. Besides the I2C addresses the user can specify the status of the I2C addresses:

Address 12C address to be searched for.
Status Status of the I2C address. The following values are possible:

ACK I2C address has been acknowledged.
NACK I2C address has not been acknowledged.
ACK/NACK I2C address has been or has been not acknowledged.
No confirmation The ACK/NACK bit is missing.
The Add All button inserts all possible 7-bit and 10-bit I2C addresses with status “ACK/NACK”
to the list. With the Remove All button all rules can be removed from the table.

The rules shown in figure ?? match all I2C messages, which have been sent to the slaves
with the I2C addresses 0x50 and 0x52 and whose ACK/NACK bit is available.
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E Data Rules @
Rule Name
Data Rule
Position - Fules
2 m Position ~ Byte Dont Care
Byte 0 0O OFF
22 '::\._’::' Remave Al ! b2z i
Add Rules | [ Cancel

Figure 5.27: Find Window: Data Rules

Data Rules

The data rules match bits or complete bytes of the data transferred with I2C messages.

To add e.g. a search for I2C messages, which contain 0x10 as the first data byte, enter 70”
to the “Position” and ”"0x10” to the "Byte” field. Afterwards press Add to add the value to the
“Rules” table. To add search rules for bits click on the Down button in the "Byte” field.

The rules, which can be seen in figure ??, match all I2C messages, which have "0x00” as
first and ”0x22” as second data byte.

Note: The bytes, which are used to transfer the I2C addresses on the I2C-bus, are
not counted to the data bytes.

Data Any Pos Rules

E Data Any Pos Rules Iﬁ

Rule Name
Data Any Pos Rulg|

Data Find Pattem
2345 i v )

Add Rules | [ Caneel

Figure 5.28: Find Window: Data Any Pos Rules

This type of rule is similar to the data rule. It searches for a number of consecutive data
bytes. In contrast to the data rule the user cannot specify the position within an I2C message,
where the given data byte is expected.

The example in ?? searches of the sequence “0x12, 0x34”.

Data Status Rules

This rule can be used to find I2C messages, where the 12C slave has acknowledged or not
acknowledged the data bytes. If this rule is set to NACK, all I2C messages will be found
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i’ N
E Data Status Rules @

Rule Name
Data Status Rule|

NACK = ]

| AddRues || Cancel |
S ———————————————————————————————————

Figure 5.29: Find Window: Data Status Rules

where at least one data byte has not been acknowledged.
The example in figure ?? searches for NACK.

Event Rules

v )
E Event Rules Iﬁ

Rule Name
Event Rule

I2C Protocol Error ~|

Add Rules | [ Cancel |

Figure 5.30: Find Window: Event Rules

I2C Studio displays messages in the tracer window, which are in fact no real I2C messages.
Instead they are events. This rule type can be used to search for these events.
One of the following events can be chosen:

12C Protocol Error A violation of the I2C protocol has been detected, e.g. after five data bits
a STOP condition has been sent.

SMBus Power Down The power of a SMBus has been switched off.
SMBus Power Up The power of a SMBus has been switched on.
Tracer Restarted The tracer has been restarted.

The example in figure ?? searches for an I12C protocol error.

Length Rules

To search for I2C messages, whose submessages contain a specific number of data bytes, this
rule can be used.

The rule in figure ?? matches I2C messages, whose submessages consist of at least 12 and
up to 14 data bytes.
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E Length Rules @

Rule Mame
Length Rule
Min Bytes Max Bytes
12 14
| AddRules || Cancel

S ———————————————————————————

Figure 5.31: Find Window: Length Rules

Testpin Rules

' i '
i Testpin Rules @

Rule Mame
Testpin Rule
Testpin State
Testpin 0 v] [Falling Edge v]
| AddRues || Cancel |

e ———

Figure 5.32: Find Window: Testpin Rules

The find rules cannot only be used to search within I2C messages, but also to search for
specific states of the input testpins or specific transitions on the input testpins.

Note: There are some limitations in the precision of this rule. It will always match
the I2C messages, which has been sent in parallel or before the searched state
of the testpin.

The rule shown in figure ?? will match, when a falling edge is detected on the first input
testpin line.
Submessage Rules

This rule consists of a combination of some of the previous mentioned rule types and some
additional rule types. This rule matches I2C messages, which contain an I12C submessage
fulfilling the search criterions specified by this rule.

There are several sub criterions, which can be enabled or disabled using check boxes:

Length Length of the data, see section ??2.

Address 12C address of the slave to which this submessage has been sent, see section ??2.
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r R’
I Submessage Rules M
Rule Name
Submessage Rule
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Address Direction
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Status Add Al 160 ACK/NACK
ACKAMACK -
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Data Bytes
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Add Rules | [ Cancel
Y

Figure 5.33: Find Window: Submessage Rules

Direction If this option is not enabled, the rule will match submessages independent of their
transfer direction. The user can enable this option and choose "TX” or "RX” to match

only master transmitter or master receiver transfers.

Data Bytes Matches data bytes at specific positions, see section ??.

Data Bytes Any Pos Matches a sequence of data bytes, see section ??2.

Data Status Matches submessages with the specified data status ??.

Byte Time Only I2C submessages will match, whose transmission of each data byte has
lasted a time within the given time range. The time range can be specific also as fre-
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quency. This frequency refers to one bit. A data byte on the I2C-bus consists of eight
data bits and the acknowledge bit. This criterion can be used to find I2C submessages,
which have been sent with a specific clock rate (SCL) or to find e.g. bus stretching.

Submessage Time The transmission time of the 12C submessage must be within the given
time range to match the rule.

The example matches all I2C messages, which contain an master transmitter submessage.
This submessage has to be sent to the slave with the address 0x60. It has to contain 15 data
bytes and has to be sent with a speed between 100 kHz and 400 kHz.

Message Rules

- 5
IIC Message Rules ﬁ

Rule Name

Message Rule

Submessages

Submessages Position
[Adde'lange ] [ Remove ] [ Remowve Al ]

=
3

Position Submessage Rules

0 TXRue

1 R Rule
Message Time |dle Time
[ [
Testpins
Testpin State
’Testpin 0 v] ’Fallirlg Edge v]

Add Rules | [ Cancel |

Figure 5.34: Find Window: Message Rules

Using this type of rule it is possible to define search criterions on I2C message level. The
following sub criterions can be enabled or disabled using check boxes:

Submessages Contains a number of submessage rules as they have been described in sec-
tion ??. A new rule can be added to the list with the help of the Add button. To remove
one or all rules the Remove and Remove All buttons can be used.

Each rule is connected with a position in the I2C message. In the example shown in
figure ?? each first submessage of an I2C message is compared with the "TX Rule” and
each second submessage is compared with the “RX Rule”.
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The Change button can be used to change the position of a rule.

Message Time The message time is the time from the first START condition of an I2C mes-
sage to its STOP condition. An I2C message matches this rule, if its message time is
within the specified time range.

Idle Time The idle time is the time from the STOP condition of the previous I2C message to
the first START condition of the current I2C message.

Testpins Matches the state of one of the input testpins, see section ??.
Figure ?? shows a rule, which will match I2C messages fulfilling the “TX Rule” for their

first submessage and the "RX Rule” for the second submessage. Furthermore there must be a
falling edge on the first testpin input line.

IRD Register Rules

1T IRD Register Rules ﬁ

Fule Name
IRD Register Rule 0

IRD Alias

|00 (7 bit) Smart Batiery Data -
Register

l\a’ohage v]
Data Data 2nd

00 00 (v) v
PEC Direction

PEC is ignared vl IR}( v]

| AddRues | | Cancel |
e —

Figure 5.35: Find Window: IRD Register Rules

If an IRD file has been registered, this type of rule can be used to define search criterions on
register level. The following sub criterions can be set:

IRD Alias Selects the I12C slave, which has been addressed by the I2C master. Only 12C slaves
are shown here, for which IRD files have been registered (see section ?7?).

Register Register of the I2C slave.
Data Data, which has been read from the register or which has been written to the register.

Data 2nd Some registers must be written and read within on I2C message. The data for the
write transfer must be specified in the “Data” field and the data for the read transfer
must be specified in the "Data 2nd” field.
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PEC Some SMBus slaves support “packet error checking”. For such slaves this field can be

used to search for I2C messages with a specific PEC state.

Direction Specifies the direction of the transfer. If "TX” is specified only transfers to the
register are found. If “"RX” is specified only transfers from the register are found.

The rule shown in figure ?? will match, when the ”Voltage” register of the “Smart Battery
Data” device at address “0x0b” is read and the register contains the value 00 00”.

IRD Value Rules

T IRD Value Rules s

Fule Name
IRD Value Fule 0

IRD Alizs
| 0<0B (7 bit) Smart Battery Data -]

Value
[Voltage i ]

Minimum Maodmum
] 20

Alr
ar

PEC Direction
PEC is ignored '] IHX v]

| AddRues | [ Cancel |
N ———————————————————————————————————

Figure 5.36: Find Window: IRD Value Rules

If an IRD file has been registered, this type of rule can be used to define search criterions on
value level. The following sub criterions can be set:

IRD Alias Selects the I2C slave, which has been addressed by the I2C master. Only I2C slaves
are shown here, for which IRD files have been registered (see section ??).

Value Value of the I12C slave.

Minimum Minimum for the value, which has been read from the value or which has been
written to the value.

Maximum Maximum for the value, which has been read from the value or which has been
written to the value.

PEC Some SMBus slaves support “packet error checking”. For such slaves this field can be
used to search for I2C messages with a specific PEC state.

Direction Specifies the direction of the transfer. If “"TX” is specified only transfers to the value
are found. If "RX” is specified only transfers from the value are found.
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The rule shown in figure ?? will match, when the ”Voltage” value of the "Smart Battery
Data” device at address “0x0b” is read and the value is between “10” and “20”.
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5.12 Storage of Trace Data

As we have seen in the previous sections there are several formats, to which the traced data
can be exported. I2C Studio only supports exporting the data to these formats. It is not
possible to read these files back into I2C Studio.

There are several situations where a developer wants to store the traced data and read it
back later into I2C Studio. This can be useful e.g. to pass the data to other developers, when
working on a problem caused by the I2C communication.

I2C Studio can save the monitored data (I2C messages, analog shots, and transitions of the
input testpins) into a proprietary binary file format, which can also be read back. These files
are using the extension » . i2c1. To store the data efficiently these files are compressed.

To create such a file the user simply clicks on the menu item File|Trace Data|Save As. A file
selection dialog gets opened, where the user has to specify the name of the file to be created.
After a file name has been specified, the saving starts.

Tracii XL 2.0 [0x788B] | 12C | 12C Ve 5,05V | Saving: 56% Cancel
Figure 5.37: Status Bar: Saving Trace Data

This is done in the background. The current status of the saving is shown in the status bar
of 12C Studio, see figure ??.

The Cancel button in the status bar allows the user to cancel the saving process, while it is
running.

There are three ways to load an = .1i2c1 file into I2C Studio. The developer can use the
menu item File|Trace DatalLoad or he can simply drag and drop the file from an Explorer
window to I2C Studio. Furthermore the user can simply double-click onto the file in the
Explorer.
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5.13 Printing

The data, which has been monitored with I12C Studio, cannot only be written to files but can
also be printed.

After some data has been recorded the user can select the menu item File|Print to open the
print wizard. This wizard consists of two pages: the first page allows to select and configure
the printer, the second page specifies the data to be printed.

5.13.1 Printer Configuration

E Print ﬁ
Prirter
Name | Microsoft XPS Document Witer "l [ Properties ]
[ Printto Fle [~ Print Monochrome
Margins Paper
Top  |260cm = Size [M N l
Bottom 2,60 cm = Source [Autornaticalh' Select VI
left  280cm = | - Orientation
Right |2.60cm = @ Portrait
) Landscape
| MNet> || Cancel
e —————————————

Figure 5.38: Print Wizard: Printer Configuration

The first page of the wizard can be seen in figure ??. The following parameters can be
configured by the user:

Name Selects the printer to be used.

Properties This button opens a printer specific dialog, which can be used to configure printer
specific options like e.g. the duplexer of the printer.

Print to File Selects whether the data generated by the printer driver is sent directly to the
printer or written into a file.

Margins Defines the top, right, bottom, and left margins.
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5.13 Printing
Paper Size Most printers support not only one size of paper but a large quantity of different
formats. Selects the format to be used.

Paper Source Larger printer have got more than one paper tray. This option specifies the
tray to be used.

Orientation The data can be rendered in the portrait or landscape mode.

After the printer has been configured, the user can jump to the next page of the wizard
using the Next > button.

5.13.2 Data Selection

iy N
E Print @

Time View v]

Print Resolution

Optimized For [400 kHz - Fm—— S ——— |
Channels Misc o m_—
Messages Testpin 0 Info Box =

ADC SDA Testpin 1 Legend — Wﬂ'ﬂﬂ
ADC SCL T e e e

Status o ||

| <Back || Fnsh || Cancel
e ——

Figure 5.39: Print Wizard: Data Selection

The second page of the print wizard, which can be seen in figure ??, can be divided into
three major parts.

On the upper left side there is a combo box, which configures the view to be printed. Here
the user can select between the time view and the message view.

Under this combo box there are the options, which define the data to be printed.

Finally on the right side there is a preview of the first page to be printed. The preview
depends on the currently configured options.

To start the printing the user has to select the Finish button.
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Time View

If the user selects to print the time view, all data, which is currently visible in the time view
window, gets printed. To print e.g. all traced I2C data, the user has to zoom out completely
in the time view window before opening the print wizard.

The following options can be configured when printing the time view:

Optimized For If the user selects to print several I2C messages at the same time, he will
always result into print outs, whose resolution is too low to see any interesting details.
To solve this problem, I2C Studio offers a functionality to split the data to several pages.

This option configures the number of pages, which are created. To make the user the
decision, how many pages are needed, very easy, he can simply specify the needed
resolution as frequency.

Let us assume the traced 12C-bus uses a clock rate of 400 kHz. For this set-up the user
would simply select an "Optimized For” value of 400 kHz. If there are analog shots
of the electrical levels available, typically higher frequencies like e.g. 6 MHz should be
selected.

Channels Sometimes the user do not want to print out all available parts of the time view.
Using these switches the miscellaneous parts can be selected or deselected to be printed.

Info Box A box containing some information can be added to the beginning of each page.
This box includes the absolute time, where the data of this page starts, the time interval
of the complete page, the radix, and the time range covered by the page.

Legend A legend describing the possible symbols can be added to the end of each page.

Status Contains the number of pages, which will be created, when the user selects to print
with the current configuration.

Message View
If the user selects to print out the message view, the following options are available:
Message Range Specifies the I2C messages to be printed out.

Mode Like in the GUI it is possible to choose between three different modes: the raw view,
the register view, and the value view.

Columns If the user does not want to print out all possible columns of the table, these
switches can be used to disable the appropriate columns.
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5.14 Plug-Ins

To get a high-level view of the traced 12C data the user can register IRD files or plug-ins,
which convert raw messages to interpreted messages. IRD files, which are based on XML,

can be written easily using a normal text editor or the IRD composer of I2C Studio.

They are very good solution for most register based 12C slaves. For more complex 12C

high-level protocols there is a better suited solution: the plug-in interface.

Plug-Ins can be written using all programming languages supporting the Microsoft .NET

framework. The following example shows how to program a plug-in in C#:

using telos.I2cApi.DotNet;

using System;

using System.Collections.Generic;
using System.Text;

public sealed class PlugIn : PlugInInterface
{

/***********************************************************/
/// <summary>

/// This method describes the IC, whose traffic can be

/// parsed by the plug-in.

/// </summary>
/***********************************************************/

public override PlugInlInterface.Device SupportedDevice
{
get
{
I2cAddressRange address_range;
List<I2cAddressRange> address_ranges;

// create I2C address range containing I2C addresses, which are

// supported by this IC

address_ranges = new List<I2cAddressRange>();

address_range = new I2cAddressRange (new I2cAddress (0x40, false),
new I2cAddress (0x4f, false));

address_ranges.Add (address_range);

// create an object describing the IC
return new PlugInInterface.Device
("telos",
"Example Plug-In",

"This plug-in demonstrates how to use the plug-in interface.",

address_ranges) ;

/*‘k*‘k**‘k‘k‘k*‘k**‘k*********************************************/
/// <summary>

/// Interprets the I2C message with the specified index.

/// </summary>
/****************‘k*k*‘k***************************************/
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public override string InterpretData (PlugInRawTraceData data, int index)
{

ParsedTraceDatal] msg;

ParsedTraceData sub_msg;

StringBuilder result;

// create object for the result of the parser
result = new StringBuilder();

// get the I2C message to be parsed by the plug-in
msg = datal[index];

// iterate over the submessages of the I2C message
for (int i=0; 1 < msg.Length; i++)
{
// new line
if (i > 0)
result.Append ("\n");

// get the submessage
sub_msg = msgl[i];

// output the direction of the submessage
switch (sub_msg.Direction)
{
case ParsedTraceData.DataDirection.DIRECTION_TX:
result.Append ("TX: ");
break;

case ParsedTraceData.DataDirection.DIRECTION_RX:
result.Append ("RX: ");
break;

default:
continue;

// output the data bytes of the submessage
for (int a=0; a < sub_msg.Data.Length; a++)
{
if (a > 0)
result.Append (" ");

result.AppendFormat ("{0:X2}", sub_msg.Datalal);

// return result
return (result.ToString());

A complete documentation of the plug-in interface can be found in the I2C.NET API docu-
mentation.
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6 Master

6.1 Introduction

Beside the tracer function window there is a second important type of function window in
I2C Studio: the master window. This type of window can be used to act actively as an 12C
master on an 12C-bus.

An I2C master can write data to I12C slaves and read data from them. Only I2C masters can
initiate transfers on an I2C-bus.

Figure ?? shows I2C Studio with a master window, which has just opened.

File Edit Master Access Tools Language Help
@ & o
4 2 H © O | © @ [
MNew Open Save All Start Stop Start ADC  Stop ADC | Clear All Slave
Workspace 4 x Start Page ) telos Tracii XL 2.0 Master (0) | - X
=2 Workspace Task Schaduler
1453 Master
T ol
i[5 telos Traci XL 2.0 Master | =)
i+ 120 Negative Tester
-0 st
i) Tracer
Fel - a7
Execution Result
Type Command Status  Address Direction  Data Values Loop
=
~
v
< n + =

telos Tracii XL 2.0 [0:4716] | 12C | 12C Viee: 3,19V | 10,90 kOhm |

Figure 6.1: New Master Window

The window is divided into three main areas. On the upper left side there is the command
tree. This tree contains all commands, which are executed one by one when the user clicks
on the Start button. The upper right side of the window contains detailed information about
the command, which is currently selected in the command tree. The remaining space in the
lower part of the window is filled out by the result view.
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6 Master

The New button or the File|[New menu item can be used to open a new master window.
Alternatively a new master window can be opened using the context menu of the workspace.

6.2 Quick Start

To get familiar with the handling of the Master, the following steps are defined to show an
easy example (see figure ??): shows how to create a message and send the data.

TC telos 12C Studio V5.15.2 — o x

File Edit Master Access Tools Language Help

2y
o2 W |9s &
| New Open Save All Start Stop Start ADC  Stop ADC Clear All Slave
Workspace 1 x Start Page | telos Tracii AL 2.0 Tracer (5) | NtStop2 | NtStop | telos Tracii AL 2.0 Master (%) |~ MasterSendLongMessages 1" telos Tracii XL 2.0 Master (10) - X

433 12C StudioWorkspace (4) Task Scheduler

-3 Negati

=423 Tracer

3] Master

-2 MagierSendl poNlessages
B telos Tracii XL 2.0 Master (
=

telos Traci XL 2.0 Master (10)

(3)

B M IE New

Select Type And Module

=N =

B 12 Message [1] (5)

x

Localhost

alel =-telos Toa L20 [SN(x1835]
i

-telos Tracii XL 20 [SN (x7893]
Negative Tester

- Dummy SN Bx3376]
Master
Tracer

OK

Cancel

=

1
12C Adcress G50

(7)

(6)

Data |CA FFEE

(@R X

Mtached File (Type) NONE

Insert Submessage: 8 [

Length

3/3 Bytes

¢ A

Execution Result (9)

Type Commans St Adress | Diecton  Dam Talues Toor

B§ I2C Message [1] [exs0 pata ca FF EE 1 =

| telos Tracii XL 2.0 [0x1895] | 12C | 12C Vee: 5.00V

10,80 kOhm | OFF | Processed 1/1 message(s). --

Check termination --

Figure 6.2: Quick Start: Master Window

Steps description:

(1) Press the New button: The New dialog appears.

(2) Select the Master in the tree and press the OK button.

(3) A new entry in the Workspace tree appears.

(4) Add anew I2C transfer by clicking on the 12C button.

(5) A new entry in the Task Scheduler tree appears.

(6) The submessage field appears and the Start button in the main menu gets activated.
(7) Insert the desired I2C Address and the Data byte(s) in the appropriate field.

(8) Press the Start button to send the message.

(9) Have alook in the Execution Result window for the result of the transfer.
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6.2 Quick Start

The 12C Studio support not only the communication with real 12C-bus devices but also
with virtual 12C devices (see ?? 2?). This 2? 12C can be used to evaluate the Studio without
real hardware and without further configuration. For the ?? some configuration of the hard-
ware may be required.

Figure ?? shows the real devices (1) and the dummy devices (2) in the New dialog:

| I New x

Select Type And Module
Logzhost

—ftelos Traci XL 20 [SN Dx7B93]
. Negative Tester

OK Cancel

Figure 6.3: New dialog: real/dummy device

6.2.1 Dummy Device

In case a Dummy interface is used, no action is required to send and receive data. A valid
transfer is always displayed (see figure ??: (9): column: Status), because no real 12C transfer
is performed using the Dummy Master.

6.2.2 Real Device

The I2C Studio can be used with an I2C-bus environment that has a sufficient power supply
and 12C-bus slave devices. If not the I2C Studio provides its own power supply and slave
device. Have a look in the Execution Result window after the Start button was pressed. The
I2C Studio shows the appropriate error message in the if there is a problem with the voltage
or if the slave device cannot be found (see figure ?7?).

Execution Result

Type Command Status Address Direction  Data Values Loop
 TI2C Message [1] [T]oxso pata CA FF EE o
Length 0/3 Bytes
Error There is no slave responsible for this I2C
address.

Figure 6.4: Execution Result with no Slave
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According the error message the following action is required:

IE telos 12 Studio ¥5.15.2 - o X

File Edit Master Access Tools Language Help

b B HIO O 0 ¥ga

Open  Save All Start Stop | StartADC Stop ADC | Clear All
Workspace 1 x Start Page | NtStop2 |~ MasterSendLongMessages ) telos Tracii XL 2.0 Master (1) | - X i
-3 12C StudioWerkspace (4) Tosk Scheder
=420 Master
3 /
[8) MasterSendLongMessages = .-ﬁ 12C Message [1] 52 12C Message [1]
(5 telos Traci XL 2.0 Master (1)
-3 Negative Tester 1= Insert Submessage: X B %
B NiStop2 12C Ad 50 ‘@
O MtStop oS U=
123 Script Data CAFFEFEE
-39 Tracer Attached Fie (Type)  NONE >

D) telos Traci XL 2.0 Tracer (5}
Insert Submessage: [ [

# - v K

Exceution Result

Type Command Status Address  Direction  Data Values Loop

Ty I2C Message [1] [@]oxs0 = Data CA FF EF EE 1 ES

Length 4/4 Bytes
~
v
(1) =
telos Tracii XL 2.0 [0x1895] | 12C 'm\]\ 1090 kOhm | OFF | Processed 1/1 message(s). -- Check termination --

Figure 6.5: Quick Start: Hardware Options

Issue: Action:
(1) No external supply exists (I2c Vce=0V)):

Doubleclick here to open the ??
(2) No device exists:

Click here to ?2?.
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Supply Voltage in the Hardware dialog

In the Hardware dialog (see figure ??), choose a value from the drop down menu in the section
12C Vce Supply (e.g. 3.00V) and confirm the new value by pressing the OK button.

TC Hardware @
Trigger Conditions: Output Testpin oltage Thresholds
Ssw Do e e
[ Stop [ Mot Acknowledge U
[7] 12C Protocol Emor 3

Temination (Resistor) High Level 0 | [EVEC]
1050 kOhm = | SCL

0

1090kChm  « | SDA —

Temination (Cument Source)
OFF | SCL

Fawawa
QFF - | spa

Temination (Auto Detect) 12C Vo Supply

v ) 2
N—

Bus Type

12C A
[ Resst |[ ok [ Cancel

Figure 6.6: Select Master Voltage

The new voltage appears in the Status Bar at the bottom of the I12C Studio window (see
figure ??).

telos Tracii XL 2.0 [0:4716] | I2C | 12C Vee: 3,08V | 10,90 kOhm

Figure 6.7: Statusbar 3V
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12C Memory Slave dialog

In the 12C Memory Slave (see figure ??) enable the Slave by setting the desired 12C Address
and activate the Enabled check box and confirm the new value by pressing the OK button.
The I2C transfer should be valid now. Thus the status of the transfer should be indicated with
a green OK sign in the result window (see figure ??).

I 12C Memory Slave @
Select 12C Intedace
[telos Tracii XL 2.0 [SN Ox4716] -

Slave Configuration
Enable 50 |7 Bit v
256 Disabled
Data
0O 00 00 0O DO 00 00 0O 0D 00 00 00 00 00 OO0 00 0D 0D 00 0D 00 00 OO0 00 0D 0D 00 0D 0D | v I Get ] [ Set ]

Figure 6.8: I2C Memory Slave

6.3 Creation of Messages

6.3.1 Command Tree

After opening a new master window the developer has to define the messages, which should
be transferred over the I2C-bus.

=3 /

EI Init Tuner

. .[¥]m% Register k00
[z Register (12
-[¥]z% Register (02
&1 Wait For Completion
=-[#}=3 Change Channel

Figure 6.9: Command Tree

Figure ?? shows a command tree, which contains five commands grouped into two folders.
The first folder contains four commands, which are used to initialize a TV tuner and the
second folder contains one command, which changes the currently active TV channel.
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Each line in the command tree starts with a check box. If this box is checked, the command
or rather the content of the folder is going to be executed when the user clicks on the Start
button. Items, whose boxes are not checked, are not going to be executed. This feature can
be useful, if the developer wants to deactivate some commands temporarily without deleting
them completely from the tree.

The check box is followed by one of the following icons:

= folder (opened)
a folder (closed)

Bt I2C command

5 SMBus command

RO IRD command

1l pause command

= input testpins command
g2 output testpins command

The last element in each line is a text, which can be entered by the user to identify a com-
mand.

There are several different ways, how to fill and modify the command tree. Below the
command tree there are four buttons, which can be used for this purpose. They have got the
following meaning:

5 Adds an I2C command to the command tree. There is a
drop-down list on the right side of the button, which can
be used to change the type of command. Figure ?? shows
this list.

A Moves the selected item upwards in the tree.

v Moves the selected item downwards in the tree.

’< Deletes the selected item from the tree

Instead of the buttons the developer can use the context menu of the command tree. This
menu is shown in figure ??.

6.3.2 12C

An I2C command sends an I12C message to an I2C-bus. Such an I12C message consists of one
or more submessages. The I2C command shown in figure ?? consists of two submessages: a
master transmitter submessage followed by a master receiver submessage.

The submessages get numbered serially. The number can be found on the left side of each
submessage. This number is followed by one of the following icons:

master transmitter submessage
master receiver submessage
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a Folder
¢ nc
SMB  SME
IRD IRD
| Pause
o | Output
I | Input

Figure 6.10: Drop-Down List for Changing the Type of the Command

=] Mew Folder
I MewI2C Message
sng  Mew SMB Command
o Mew IRD Command
1l Mew Pause
& Mew Testpin Output
I Mew Testpin Condition
Copy
Paste Into
Paster After This
>( Delete
Select All
Unselect All
Rename

Figure 6.11: Context Menu

On the right side there are three buttons before and after each submessage:

insert a master transmitter submessage
insert a master receiver submessage
X delete this submessage

The submessages contains the following entries:

12C address 12C address of the slave.
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1 = Insert Submessage: [H e 1+
I2C Address 050 78t~ ]"_LJ
Data 30 [»e)
Attached File (Type) | NONE \:]
2 Insert Submessage: [TH x A
I2C Address 50 78t ']":’J B
Requested Bytes |5 E”

Insert Submessage: [TH

4

Figure 6.12: I2C Command

Data Data bytes to be sent to the slave (master transmitter only).

Attached File (Type) This can be set to "NONE”, “ASCII HEX”, "INTEL HEX”, and ”BI-
NARY”. If it is set to a value unequal "NONE”, data gets read from an external file.
This data gets sent after the data, which has been specified in the “data” field. This
option specifies the format of the external file (master transmitter only).

Attached File (Name) Path of the external file (master transmitter only).

Requested Bytes Number of bytes to be read from the slave (master receiver only).

By clicking into the grey headline, it is possible to change the alias name of the command.
This feature is not only supported by I2C commands, but by all other commands.

6.3.3 SMBus

s

78t ~|(»

Block Write -

Address 50

Command Byte 20 (:\2)
PEC |Enabled

Data 2222E3414123132202

m

4

Figure 6.13: SMBus Command
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While the 12C specification allows I2C messages with an arbitrary number of submessages
and arbitrary length of the submessages, the SMBus specification defines a limited set of mes-

sage types:
e Quick Command
e Send/Receive Byte
e Write/Read Byte
e Write/Read Word
e Write/Read 32
e Write/Read 64
e Process Call
e Write/Read Block
e Block Write - Block Read Process Call

Note: The SMBus command is not supported by all I2C interfaces.

The first step after the creation of an empty SMBus command is the selection of the message
type. Afterwards the command has to be configured. Depending on the chosen message type
some of the following inputs are displayed:

12C address 12C address of the slave.

Direction Specifies the direction of the transfer. “TX” sends data to the slave, "RX” reads
data from the slave.

Command Byte Specifies a command. This informs the slave how to process the received
data or which data has been requested by the master respectively.

Data (Byte/Word) Data to be sent to the slave.

PEC Enables or disables the “packet error checking” (PEC) of the SMBus. PEC adds a CRC8
to each transfer to detect transmission errors.

Figure ?? shows the SMBus command mask. In this example the message type has been set
to “Block Write”. The message gets sent to the slave with the address “0x50”. Packet error
checking has been enabled. The data bytes, which gets transmitted to the slave, are 22 22 E3
414123132202".

Note: There are some ICs on the market, whose PEC implementation does not con-
form to the SMBus specification.
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IRD

ADM 1021 A: Configuration (Mask), <5et> -

Configuration (Mask) (Name) |ALERT Enabled -]
Configuration (Mask) (Numeric) 1 =
Configuration (Run/Stop) (Name) | Run - |
Corfiguration (Run/Stop) (Numeric) |0 $

Figure 6.14: IRD Command

6.3.4 IRD

While the I2C and SMBus commands allow to create messages on a very low level, the IRD
commands offer a higher abstraction. The I12C Register Description (IRD) defines a file format,
which allows to describe the register and values of ICs.

Note: The IRD feature is not supported by all I2C interfaces.

Before an IRD command can be created, it is necessary to use the ”IRD & Plug-In Manager”,
see section ??. In this manager the developer can specify the IRD files, which should be used
for the slaves connected to the I2C-bus.

After the slave addresses have been registered, the slave and the value to be read or written
can be selected. This is done using the drop-down list at the upper part of the IRD command
editor. Figure ?? shows this editor. In this example the user has selected “ADM 1021 A:
Configuration (Mask), <Set>". “ADM 1021 A” is the alias name of the slave, which has been
specified in the “IRD & Plug-In Manager”. ”"Configuration (Mask)” is the name of the value
to be modified. The direction of the command is specified by ”<Set>".

If the user has selected to set a value in the IC, the value to be set must be defined in the
next step. In this example the value “Configuration (Mask)” will be set to “ALERT Enabled”.
The content can be specified numerically or by name.

Very often it is not possible to set values separately. Instead a whole group of values must be
modified at once. This is caused by the fact that the values are stored in registers. Very often
a register stores the content of several values. In this example “Configuration (Run/Stop)”
must be set besides “Configuration (Mask)”.

The value, which has initially been selected in the drop-down list, gets underlined.

6.3.5 Pause

There are some situations, where the user does not want to send all specified messages as
soon as possible to the I2C-bus. An example for such a situation are EEPROM or flash ICs.
After transferring some data to such an IC, the device needs some time to copy the data from
its internal cache to the EEPROM or flash cells.
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Interval (s) |5.200 B~

m

4

Figure 6.15: Pause Command

A pause command tells I2C Studio to wait the specified time before going on with the next
command in the tree.

Figure ?? shows the editor for pause commands. In this example the interval of the pause
has been set to 5.2 seconds.

Note: The precision of the interval is limited. It is guaranteed that the interval is not
shorter than the specified time, but it can be longer. This is not a problem for
the typical usage of this feature.

6.3.6 Input Testpins

[ET  Testpin Condition [1]

Testpin Condition 0: IT 2
Timeout [ Disabled ~|
Interval (s) 0.000 = |
Testpin Condition 1: F

Timeout |Enabled ~|
Interval (s) |3.mn E" L

|

Figure 6.16: Input Testpins Command

All 12C interfaces have got a number of digital input lines. This command type can be used
to wait for certain levels on one or more lines.

The editor for the input testpins command is shown in figure ??. For each available line
there are three parameters:

Testpin Condition Defines the level to be expected:
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L low level
H high level
X don’t care

Timeout Specifies whether to use a timeout or not.

Interval (s) If the timeout has been enabled, this parameter defines how long I2C Studio
waits for the expected level. If the expected level is not seen within this interval, 12C
Studio simply continues.

6.3.7 Output Testpins

Q

QOutput Testpin 0: ﬁ -
COutput Testpin 1: F

m

Figure 6.17: Output Testpins Command

With the output testpins command the user can set the level of the digital output lines of
an 12C interface. All I2C interfaces have got at least one digital output line.

For each available output testpin there is a line in the output testpins command editor. The
I2C interface used for the example in figure ?? has got two digital output lines. The user can
select one of three possible values for each line:

L low level
H high level
X don’t care

In the shown example the level of testpin 0 is set to don’t care. So I2C Studio will not change
the level of this testpin. Testpin 1 will be set to high level.

6.4 Results

After the user has started the master, the results are displayed in the result view. There is one
entry for each command, which has been defined by the user.
The result view consists of a number of columns, which contain the following content:

Type Type of the command.
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Command Name The user can assign a name to each command. This name typically de-
scribes the purpose of the command.

Status Signals the status of the command. The icons have got the following meaning:

no error

I2C address has not been acknowledged

one of the data bytes has not been acknowledged
=l error

PEC (packet error checking) error [SMBus only]

Addr Address of the I2C slave, which has been addressed. The icons have got the following
meaning:

7-bit I2C address
10-bit I2C address

If an alias name has been registered for the displayed I2C address, this name gets shown
in this column.

Flags An I2C message can be transferred into two directions. This column displays which
one has been used:

master transmitter
master receiver
master transmitter / master receiver

Data/Values These columns describe the transferred data. The content of both columns is
different from command type to command type.

Loop The loop counter shows how often the command has been transferred. The counting
starts when the user starts the master e.g. by clicking on the Start button. It ends when
the user stops the master e.g. by clicking on the Stop button.

6.4.1 12C

Execution Result

Type Command Name Stetus Address  Flags Deatz Walues Loop

T Tuner: ch=1 [FJoxs0 [@E Data 11 1 F
Length 1/1 Bytes

[[oxso EF Data oo -

Length 1/1 Bytes

g Audio: Vol=50% [TJoxs1 Data 7 o

Length 0/1 Bytes

Figure 6.18: I12C Result

The Data/Values columns contain the following entries:
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6.4 Results

Data Data bytes, which have been exchanged with the I2C slave. Data bytes, which have
been specified by the user for the master transmitter case and which have not been
accepted by the I2C slave, are marked with red color.

Length The first value indicates the number of bytes, which have been exchanged actually
with the I2C slave. The second value indicates the number of bytes, which have been
specified by the user. If the transfer was successful, both values should be the same.

The example in figure ?? shows two I12C messages. The first message consists of two sub-
messages: a master transmitter submessage containing the data byte “0x11” and a master
receiver submessage requesting one data byte. The message has been exchanged with the 12C
slave on address “0x50”. No error has occurred during the transfer.

The second message is a master transmitter message containing the data byte “0x22”. The
transfer of this message was not successful, because no 12C slave was responsible for the
address “0x51".

6.4.2 SMBus
Execution Result
Type Command Name Status Address Flags Data Values Loop
sng SME: Block Read [FJoxso Type Block Read o

PEC Enabled

Command oo

Data

shE SME: write/Read PC [F]oxz0 Type Block write - Block Read Process call 1

PEC Disabled

Command on

TX Data 11 22

RX Data 44 00 00 04 00 00 00 22 00 00 00 00 04 00
20 00 00 00 00 00 02 00 00 00 €O 00 02 03
10 10 00 10

<] (<] [T TN (> ) (>

Figure 6.19: SMBus Result

The Data/Values columns contain the following entries:

Type Type of the SMBus transfer (e.g. “Block Read”).

PEC Defines whether the SMBus message has been transferred with or without “packet error
checking”.

Command Command byte, which has been sent to the SMBus slave.

(TX/RX) Data Data bytes, which have been exchanged with the SMBus slave. Data bytes,
which have been specified by the user for the master transmitter case and which have
not been accepted by the SMBus slave, are marked with red color.

Figure ?? shows the result of two SMBus messages. A message of the “Block Read” type has
been transferred as first. The transfer of this message failed, because PEC had been enabled
and the PEC checksum has been wrong.

The second SMBus message has been transferred successfully. It was of the "Block Write -
Block Read Process Call” type. PEC has been disabled. I2C Studio has sent the command byte
”0x00” and the data bytes “0x11 0x22”. The SMBus slave answered the request with several
data bytes.
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6 Master

6.4.3 IRD
Execution Result
Type Command Name Status Address  Flags Data Walues Loop
wn Configuration (Mask) [F]oxs0 Configuration (Mask) ALERT Enabled 1
ADM 1021
A
Configuration Run
(RUN/STOp)
mn| Local Temp. Value [TJoxso Local Temp. Value P 1
ADM 1021
A
my Manufacturer Device ID [Joxso Manufacturer Device ID 16 1

ADM 1021
A

<] (<) (IR0 (> ) (>

Figure 6.20: IRD Result

For IRD message the Data column contains the name of the IRD values. The Values column
contains the values of the IRD values.

The example in figure ?? contains the results for three IRD messages. All messages have
been exchanged with an ADM1021A device, which is listening to address “0x50”.

The first message sets the values “Configuration (Mask)” to “ALERT Enabled” and ”"Con-
figuration (Run/Stop)” to "Run”. The second message reads the “Local Temp. Value” from
the device, which is "2 °C”. The last message reads out the "Manufacturer Device ID” of the
IC, which is 716”.

6.4.4 Pause

Execution Result

Type Command Name Status Address  Flags Data Values Loop
1 Pause [1] Interwval 5200 ms/5200 ms 1 3

Figure 6.21: Pause Result

The Data/Values columns contain the following entry:

Interval The first value indicates the time in milliseconds, which has already elapsed. The
second value indicates the time, which has been specified by the user.

The example in figure ?? shows a pause command. The user has specified an interval of
”5200 ms”. Since the pause has already been completed, both values are 5200 ms”.

6.4.5 Input Testpins

The Data/Values columns contain the following entries:
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6.4 Results

Execution Result
Type Command Name Status Address  Flags Data Walues Loop
I Testpin Condition [1] Testpin 0 @ 1
Testpin 1
Timeout 0 ms/12000 ms

i) (<] NNNETONNN (> ) (>

Figure 6.22: Input Testpins Result

Testpin (x) Level of the input testpin. The following icons are possible:

(=] high level expected & found
low level expected & found
=] high level expected, low level found
low level expected, high level found

Timeout The first value indicates the time of the timeout, which has already elapsed. The
second values indicates the timeout, which has been specified by the user. Both values
are given in milliseconds.

The example shown in figure ?? contains the result of one input testpins command. The
user has specified an input testpins command, which has expected high-levels on testpin 0
and testpin 1. A timeout of “12 s” has been specified. Both testpin had the expected level,
when the master was started.

6.4.6 Output Testpins

Execution Result

Type Command Name Status Address  Flags Data Values Loop
o TP 1: High Testpin 1 = 1
a TP 0: Low Testpin 0 1

] (<] [NNNE TN (> ) (>

Figure 6.23: Output Testpins Result
The Data/Values columns contain the following entries:

Testpin (x) Level to which the output testpin has been set by the master. The following icons
are possible:
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6 Master

(=] high level
low level

The result view in figure ?? contains the results of two output testpins commands. Both
have been transferred successfully. The first command sets testpin 1 to high level. The second
command sets testpin 0 to low level.

6.5 Configuration

6.5.1 Master Options

i B’
T Master @

Bitrate

100,00 kHz w | Low/Full Speed

[ High Speed Enabled

2,00 MHz 08

fe

Settings

[ Stop Transmission On Emor

[ Stop Transmission On Arbitration Lost
[7] Send Loop

Reset || OK || Cancel
e ———————————————————

Figure 6.24: Master Options

The master function window can be configurated with its options dialog. The menu item
Master|Master Options opens this dialog.
The following parameters can be configured using the master options dialog:

Bitrate Defines the I2C bitrate (SCL) to be used by the master.

Low/Full Speed Configures the low/full-speed bitrate. Some I2C interfaces allow to
set 12C bitrates, which do not conform to the values defined by the I12C specifica-
tion.

High Speed If this value is set, the master sends the messages using the high-speed
mode of 12C. This mode is supported only by a few I12C devices on the market.
SMBus devices do not support this mode. The high-speed token gets sent with the
”Low /Full Speed” bitrate.

Master Code Configures the master code to be used in I2C high-speed mode. If more
than one I2C master talks to the I2C-bus, the master code defines the priority dur-
ing the bus arbitration.
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6.5 Configuration
Stop Transmission On Error If this check box is set and an error occurs, the master function
window goes to the stop state.

Stop Transmission On Arbitration Lost If this check box is set and an arbitration error oc-
curs, the master function window goes to the stop state.

Send Loop Normally the master function window sends each message on time. After send-
ing all messages having been defined by the user, the master goes into the stop state. If
this check box is set, the master continues sending the messages until the user stops the
master manually.

Note: The I2C high-speed mode is only available for I2C interfaces with a high-
speed license.

6.5.2 IRD & Plug-In Manager
The "IRD & Plug-In Manager” dialog gets described in section ??2.
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7 Negative Tester

7.1 Introduction

The most common use of an I2C interface’s master functionality is to send and receive data
in compliance with the 12C-Bus Specification. This implies that the device we are talking to
is known to conform to the I2C standard, as well.

However, there are situations in which this particular aspect of a device is to be tested, i.e.
where the goal is to determine whether or not a device is fully compliant with the 12C-Bus
Specification and how this device behaves in case of ill-formed signals.

Figure ?? shows an example of the Negative Tester function window.

IC telos 12C Studio — o X

File Edit NegativeTester Access Tools Language Help

D 2 W d &
New Open  SaveAll Start Stop | StatADC StopADC | ClearAll | Slave
Workspace 1 x Start Page )} NegTestC: 1 telos Tracii XL 2.0 Tracer (6) | -x
-2 Workspace Voster
(2 Master it
-3 Negative Tester Testcases Cument Testcase
[} NegTestCaseMasterData [Az Master Data Testcase Message Configuration
[ NegTestCassMasterStop
(2 Seript Enabled Name Master Data Type Data
=42 Tracer
8, telos Traci XL 2.0 Tracer,
Start Bytes) |1 0 [T e = e B e T e E B B
Stop (Bytes) |1 2] [ masirreceiver ransrerwiha length of 28 bytes works only with special 12C slaves. Most ott
5 Master Tiring =
Step (Bytes) |1 3 [Simnorted Nimrtinns T RY

Reset Default
Message Data
A+ 2 [w

No Loop  Addr Dir Len SendLen RecData Send 0s_ +80MS _ +200ys 360us &

O N ™ I
I v

< >
Messages: 2 52

r’chv,(< >

>

Results  Evaluation

No| Test Name| Test TypeResult/SpeedCond| Addr Dir Length Data =

15 Master StopMaster stop [0 E] [Moxso @@ 100 n
master StopMaster Stop I2C Protocel Error
Master StopMaster Stop = o

16Master stopMaster stop [om [ [Moxso @@ 200 01
Master Stopwaster stop [ I2C Protocol Error v
| HESTEEFISEOP MASTERISTOR Exxf NI I (510 M o s e —

< >

< >
telos Tracii XL 2.0 [0x4716] | 12C Vec: 4.98V | 1090 kOhm | Results: Tests: 17/429 (successful 5/ failed 12)

Figure 7.1: Example of Negative Tester Function Window

The Negative Tester is designed to fulfil all requirements introduced by this kind of appli-
cation. It is capable of acting as master or as slave. In both roles it allows to control all relevant
low-level aspects of bus communication, in particular it provides functionality to define the
timing for each and every bit.

It is also possible to send out patterns which violate the standard, e.g. make a "byte” six
bits long. In slave mode the Negative Tester permits to stretch the clock at any time. In master
mode the user has full control over arbitration handling.

Furthermore, independent configurable output signals can be used to trigger external events
or to flag certain states in real time.
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7 Negative Tester

In the master mode several testcases are available (refer to chapter ??) that can be executed
sequential. In the Slave Mode the slave buffer data can be defined.

7.2 Quick Start

A Negative Tester function window can be opened by clicking on the New button and select-
ing a Negative Tester. Another way is to click on the File|[New menu item. Beside this it is
possible to open a new window using the context menu of the workspace. Figure ?? shows
how to create a testcase and send the data.

Figure ?? shows the hardware bundle of the Tracer and Negative Tester.
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Note:

I2C Negati

Tracii XL 2.0
o ~ -
STATUS CON1 CON2

| — e

Figure 7.2: Negative Tester and telos Tracii XL 2.0

The Negative Tester function window is only available, if a Negative Tester
interface is connected to the local or a remote PC. Besides the telos Negative
Tester a telos Tracii XL or telos Tracii XL 2.0 with a tracer license is needed to
use the full set of features of the Negative Tester inside the telos I12C Studio.
See figure ??



7.2 Quick Start

The following figure shows how to create a new testcase and send the data:

T telos 12C Studio V5.15.2

(5) EA - * Messages: 2

X
File Edit MNegative Tester Access Tools Language Help
Dfe2 b, [S] 8, £
ey Open  SaveAll Start top | Start ADC Stop ADC | ClearAll | Slave
Warkspace 3 x Start Page | NitStop2 | MasterSendLongMessages | telos Tracii XL 2.0 Master (11} telos Tracii XL 2.0 Negative Tes... - X
=53 12C StudioWorkspace (4) Masior [5
-3 Master v (4)
- B MasterSendLongMessages Testcases Current Testcase: Master Data [0]
8 toos Traoi XL 20 Wder (11} Ollmrom g ] | Fasveter Messaoe Corfiousion
-3 Negative Tester
-~ @ NtStop2 (3) @ Enabled T Master Data [0] T Data ~
[ lkstop
[2) telos Traci XL 2.0 Negative Tester (J5)
(7 Set ) Start (Btes) |1 3| The "Master Data" test transfers 12C messages with diferent lengths to the 12C bus
BT I New x | | Waming
& Stop (Bytes) |1 2| Amaster receivertransfer with a length of zem bytes warks only with special |2C slaves. Most other [2C slaves wil hoid the SDAline low
after this test
| Select Type And Module Step (Bytes) |1 5
Localhost
El-telos Tracii XL 20 [SN 0x1335]
Master }
L Tracer
£ telos Tracii XL 2.0 _[SN 0:7B33] Reset Default
I Negative Tester| |
= Dummy [SN 0x3376] Message Data
- Master
+ 0= Plel
Tracer Pt PP
Al Deviees NoLoop  addr| DirLen SendLen Recpata send O +25Us  +50ps  +75us 100U +125us +iSOus +iTSMS  +200uS 122545 +250MS (&
; f = I S
(2 O ™ - T
oK Cancel H A
- P10 1[exsoE o 1] L

eSS Evatustion

No  Test Name | Test Type Result speed Cond Addr  Dir Length Data
OMaster Data [0] Master Data[g) [Lloxoso [ 100
1Master pata [0]Master Data[ox] [ Joxos0 ] 100

|telos Tracii XL 2.0 [0x7B93)] | 12 Vec: 5,02v | 10,90 kOhm | OFF
Figure 7.3: Quick Start: Negative Tester

Steps description:
(1) Press the New button: The New dialog appears.

(2) Select the Negative Tester in the tree and press the OK button.
(3) A new entry in the Workspace tree appears automatically.

(4) Select the new testcase to change the parameter (optional).

(5) Create one or more new testcases with different types (optional)
(6) Press the Start button to send the data of the testcase.

(7) Have alook in the result log for the sent I2C-Bus data.

The Negative Tester and the telos Tracii XL / telos Tracii XL 2.0 must be connected to the

same [12C-Bus. The Negative Tester acts as a pattern generator and the telos Tracii XL / telos

Tracii XL 2.0 with a tracer license as an 12C-Bus tracer.
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7 Negative Tester

7.3 Negative Tester Window

The Negative Tester supports two different roles. It can work as an 12C master or as an 12C
slave.

[Taster Siave

Testoases Current Testcass: Master Data [0] (1)
Bzl Master Data [0] Parameter Message Corfiguration
(O Master Stop [1]

1@ Enabled Name Master Data [0] Tipe Data

Start (Bytes) |1

2 The "Master Deta" test transfers 12C messages with different lengths to the [2C bus
Stop (Bytes) |3

Waming:

2| Amaster receiver transfer with a length of zero bytes works only with special 12C slaves. Most ofher 12€ sizves wil hold the
SDAline low after this test

Step (Bytes) |1
Master Slave
Testcase  Message (2)
Reset Defauk
12C Address B0 TEe =
Vessage Data Transmitier ]
P+ 2= el
o Data 0001020304 0506 0703 09 0A0B 0C 0D 0E 0F 10 111213141516 1718 19 1A 1B 1C 1D 1E 1F 20 2122232425 26 2728 292428 2C 2D 2E 2F 031 323U 53637 ()
NoLoop  Addr| D
3 Receiver [
to  1[Tjoxsafg Length 1 % | Expected Data (J) Check ~)
1 1Moxsa®E
I - o p.q
Results  Evaluation
No  Test Name Test Type Result speed Conl
omaster pata [0] Master Dataod s
1Master Data [0]Master Data[ox]
2master Data [0] Master Data[gH|
2Master Data [0]Master Data[ox]
4master Data [0] Master Datal[oH]
5Master Data [0] Master Data[oy]
Reset Defauit
[Results  Evaluation
No  Test Name Test Type Result Speed Cond Addr  Dir Length Data =
Omaster Data [0] Master Data[EH [Hoxoss [ 100
1Master Data [0] Master Data []oxos s [ex] 100
2Master Data [0] Master Data []oxoss 200 01
3master pata [o]Master Data 0x05 8 [ 200 00
iMaster Data [0] Master Data [ox] ] [r]oxoss i 300 01 02
SMaster Data [0]Master Dataox] [loxoss =] 200 00 00
)

Figure 7.4: Negative Tester Function Window tabs

The following tabs are available:
(1) Master: 22 2?

cs o

This tab is used to create and to send/receive messages in the master mode

(2) Slave: 2?2 2?

This tab is used to emulate a slave device.

For both modes the result (refer to chapter ??) is displayed at the bottom of the window.

The following chapters present a detailed description of all important Negative Tester func-
tions and features.
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7.4 Negative Tester Master

7.4 Negative Tester Master

After the activation of the Master Tab in the ?? the I2C Studio acts as a master.
This is really useful for testing I2C slaves by sending and receiving data. One or more test-
cases can be defined and executed sequentially.

Master  Slzye

Testcases urent |estcase: Master Uata

Bz Master Data [0] Parameter Message Configuration
{)z% Master Stop [1]

@ Enabled Name Master Data [0] Type Data ~

Start (Bytes) 1
Stop (Bytes) 3

The "Master Data" test transfers |2C messages with different lengths to the [2C bus.

‘Waming:

A master receiver transfer with a length of zero bytes works only with special [2C slaves. Most other 12C slaves will hold the
SDAline low after this test.

Step (Bytes) ! =
Reset Default
Message Data
P+ P- Pl
NoLoop  aAddr Dir Len Send Len RecData Send 0 +25ps +50us +75Ps +100us +125Us +150us +175Us +200Us +225U5 +250Us
gl 1 1 ]
i 0 1[7]oxsa(T® al 0o
T
1 1[*]Joxss [E®] ] 1 oL
[ Messages: 6
ST - A T X
esults  Evaluation 3]
No Test Name Test Type Result Speed Cond Addr Dir|Length Data
OMaster Data [0] Master Data [om] [F]oxosz [TH 100
1Master Data [0] Master Data|om] [7]ox05 8 [Ex] 100
2 Master Data [0] Master Data[om [7]0x055 [TH] 200 01
3Master Data [0] Master Data|om] [F]oxosz [Ex 200 00
4Master Data [0] Master Data [om] [7]ox0ss [TH 300 01 02
S Master Data [0] Master Data [om [ ]oxos8 [ 300 00 00

Figure 7.5: Master tab

The window is divided in the following sub windows:

(1) Testcases: 2? 2?
This window is used to add and remove the testcase data in a tree view.

(2) Current Testcase: ?? ??

This window is used to define the testcase data.

(3) Result/Evaluation: ?? ??

This window is used to show the log data of the sent I2C-Bus messages.

To start and stop the sending process, use the menu item Negative Tester | Start (F5)/Stop
(F6) or the corresponding buttons in the toolbar.
The Master Tab has two parts. On the left side of the Master Tab is the ?? (refer to chapter
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7 Negative Tester
??). The right side shows the current selected testcase in the ?? (refer to chapter ??).

7.4.1 Testcase Selection Window

The window is part of the ?? tab (chapter ??) . It provides a tree view that is used to define the
sequence of the master testcases.

Testcases
[~]2%¢ Master Data

el - A v X

Figure 7.6: Testcase Selection Window

Each new testcase is placed in a selection tree. With this feature it is possible, to add several
different testcases to the tree. If the same testcase should be run more than once, it can be
added multiple times to the tree. Every test, no matter what kind it is can have its special
settings, like bitrate or what kind of messages to send. This provides a freedom of choice on
a high level in the use of the testcases.

The data of the current selected testcase is shown and can be changed in the window at the
right side of the tree. You can find more, about this in ??2.

Each testcase has a checkbox that lets you enable or disable it for execution. To add, remove
or move the testcases use the buttons at the bottom of this window or the ?? by right clicking.
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7.4 Negative Tester Master

The testcases get a name and a number to ensure a valid operation. However, the user
can choose a more significant name, if necessary. If the default testcase name in the selection
window should be changed, this can be done by a single click to the testcase in the ?? (chapter
??) or by clicking on the ?? (see page ?? ).

Buttons

The following buttons are available, which are part of the Testcase Selection Window:

@ " New Testcase (select same type as current)

TE©  New Testcase (select type via testcase list)
a Move Testcase Upwards
~

Move Testcase Downwards
A Delete Testcase

The user can choose whether to select the same type of testcase selected lastly by clicking
directly on the New Testcase button, or select a new testcase by clicking on the arrow button
next to the New Testcase. Figure ?? shows the list with the testcase types (refer to chapter ??).

Testcases
[ Master Data
[Az%8 Master Stop
[“1m88 Master Speed
{18 Master Clock Diversifying
[“z% Master Speed
{18 Master Clock Diversifying

Cormmmm

8
§

Master Data
Master Expert
Master Stop
Master Speed

iralralralralralralr

Master Spike
Master Stress
Master Termination

IC | Master Timing

Figure 7.7: Add New Testcase Menu

Context Menu

Additional to the buttons mentioned above it is possible to use the Context Menu to edit the
testcase tree in the selection window, while a testcase is selected by a single click of the left
mouse button. The right mouse button can be used to activate the Context Menu (see figure
?? and ??). This menu provides the button actions described in section (??) and also some
additional operation features like copy, paste and rename.
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7 Negative Tester

Thus it is possible to copy a testcase and paste it at a defined position in the testcase tree.
It can be decided whether to paste the copied testcase above or below the current selected
testcase. The menu entries are dynamically switched on or off depending on the current test-
case tree composition and the pre-selected menu function. E.g. the Paste option is available
earliest after the Copy function was selected (see figure 2?).

Testcases
¢ Mastq

MNew Testcase

Move Upwards

4 b B

Move Downwards

Export...

Import...

Copy Testcase

Paste Testcase Above

Rename Testcase

/( Remove Testcase
T

€ - A ,-(

Figure 7.8: Negative Tester - Context Menu (partly activated)

Testcases
]2 Master Data ‘
1‘6 Masts===
L []2% Mastd €| New Testcase
A Move Upwards
¥  Move Downwards
Export...
Import...
Copy Testcase
Paste Testcase Above
Paste Testcase Below
Rename Testcase
A Remove Testcase
I'C~-A K

Figure 7.9: Negative Tester - Context Menu (fully activated)

The data for the selected testcase can be exported /imported by the appropriate entries (re-

104



7.4 Negative Tester Master

fer to 2? 22).

Remark: The exported /imported functions are available for the ?? testcase only.

7.4.2 Testcase Window

The window is part of the ?? tab (chapter ??). It shows the data of the currently selected test-

case in the ?? (chapter ??) . It is used to enable/disable the testcase for execution, to
(chapter ??) and the parameters for the testcase.

set the ??

i

Testcese  Message Corfiguratn ( l )

[ Enabled Name Master Data [0] Tyoe Data ~

Stat (Byes) |7 S | The "master data™ test trarsfers 120 messages with diferent lengths 1 the 12 bus
Waming:
Stop (Bytes) |1 [+ | & master receiver transfir with  length of 2er bytes works anly with special [2C siaves. Most other |2 slaves wil hold the SDA fne low sfter this test
Step (Byies) !
Rieset Default
Message Data
P2 27 B (2)

MoLoop| Addr Dir|Len SendLen RecData Send t20us +40us +E0us +80us H00us +i20us 140us +1E0us +180us

12000 X

1 1@ oxso B
sCL

Mesgages: 2

Figure 7.10: Testcase Window

The window is split in the following sub windows:

(1) Testcase/Message/Configuration: ?? ?2:

This window is used to define the testcase data.

(2) Message Data: ?? ??: This window shows

the I2C-Bus messages as they will be send on the I2C-Bus and the visualization (SCL/SDA).

This is really useful for the testcases outside the specification.
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7 Negative Tester

7.4.3 Testcase Parameter Window

The window is part of the ?? (chapter ??). It is used to define the message sequence and data
for the testcases.

Tesicase | Message Configuration (l)
Enabled Name Master Data Type Data v
Start (Bytes) |1 % | The "master data” test transfers 12C messages with different lengths to the 12C bus.
Stop (Bytes) |1 ngth of zero bytes works only with special 12C slaves. Most other 12C
Step (Bytes) |1 lessage | ation (2)
12C Addresse 78 ~|(v
Transmitter
Address Pointer |
Reset Default P (3)
Data [carree Brate (4 Enatle Vo et
Receiver Low Speed e
Address Pointer (00 High-Speed ‘ Te/a  Time 0LS) ime (HS|
tions Start H
Length 10 2] Expected Data [ Check |13
Ignore Sretching RepRat: Setup 472
Reset Defauit N
Ignore Arbtration Lost .
NACK Behaviour Generate STOP
Y

Figure 7.11: Testcase Parameter Window Tabs

The following tab pages are used to define the configuration:

(1) Testcase: ?? ??: testcase parameters
(2) Message: ?? ??: message data (like address, send, receive, ...)

(3) Configuration: ?? ??: bitrate, timing, ...

Each testcase type (defined in ??) provides a number of Special Parameters which are valid
only for this testcase (refer to ?? 2?).

The Common Parameters in the ?? and ?? are available for several testcase types. For some
testcases some common parameters are grayed out because they are in conflict with the spe-
cial parameters.

The Reset button sets the default values for all parameter of the current selected tab page.
Testcase Parameter Tab

This tab page is part of the ?? (chapter ??). It is used to set the type (refer to chapter ??), the
user name and the parameters. A description of the testcase function and the parameters ap-
pear in the text field next to the parameters. Figure ?? shows an example of the ?? testcase.

The following elements are available:

Enabled Enable/Disable the testcase for the execution
Name Individual Name of the testcase given by the user
Type Selected testcase type (refer to chapter ??)

Testcase Parameter Parameter of the testcase (refer to chapter ?? for a detailed description)
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7.4 Negative Tester Master

Reset default Set the default values

Testcase Message Configuration

Enabled Name Master Data Type Data w

Start (Bytes) 1
Stop (Bytes) 1
Step (Bytes) |1

The "master data" test transfers 12C messages with different lengths to the 12C bus.
Waming:
A master receiver transfer with a length of zero bytes works only with special 12C slaves. Most other [2C

Ak Ak AR

Sunnnrted Nirertinne: TX RY

Reset Default

Figure 7.12: Testcase Parameter Page

Testcase Message Tab

This tab page is part of the ?? (chapter ??).
It shows two types of the Testcase Message Tab pages:

. 2

. 2

Testcase Message Tab (Standard Testcases)

This tab page is used to define the message data for all testcases (except ?? testcase). The
Negative Tester can work as a master transmitter and/or as a master receiver. This tab page
is used to set the address, to enable the send/receive function and to define the messages
data. Figure ?? shows an example of the Testcase Message Tab.

Testcase Message  Corfiguration

12C Addresse 50 | 7Bt ()

Transmitter -
Address Poirter | |\_,
Data cA FFEE [v)

Receiver -
Address Pointer ||}|} |uj'\?j-
Length 10 12| ExpectedData [ Check [1234 ()

Reset Default

Figure 7.13: Testcase Message Tab Page
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The following elements are available:

12C Address 12C address (7/10 bit) of the slave device, which should be tested by the test-
cases
Transmitter All settings regarding the transmitter function
Checkbox Enable/Disable data transmitter
Address Pointer Sub Address of the slave device
Data Data to be transmitted

Receiver All settings regarding the receiver function
Checkbox Enable/Disable data receiver
Address Pointer Sub Address of the slave device
Length Number of received bytes from the device
Expected Data - Checkbox Enable/Disable compare function
Expected Data -Data Field Compare data for received data

Transmitter and receiver are enabled by default and can be individually disabled using the
appropriate checkbox. The transmitter provides a data preset (0x00 - 0OxFF) which are sent to
the I2C slave address. The additional field Address Pointer can be used to set the sub address.
This is the first data byte after the address. It specifies an internal address of the slave device.
Thus, with this pointer it can be specified, to which internal memory address the transmitted
data should be stored or from which memory address data should be received.

The Expected Data will be compared to the received data in the ??. To enable this function set
the Check checkbox. The Length field is used to set the length of the data to be received. If the
length is greater than the number of expected data, the test will fail. If the length of received
data is smaller, than the expected data of the remaining bytes are ignored. If the length of the
compare data is smaller than the defined length, the compare function will be started at the
first byte of defined data.
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Testcase Message Tab (Expert Testcase only)

This tab page is used to define the message data for the ?? testcase. For the expert testcase it is
possible to define each kind of messages in and outside the 12C-Bus Specification. The entries
of bit/condition can be changed, added and removed to create each kind of invalid I2C-Bus
messages.

Figure ?? shows the views of the ?? tab page.

Cument Testcase

Testcase Message Corfiguration (l)
Tata @ Bye Bit/Condtion Cumert Byte: 1 (0<01)
000: S AD.NA| CA.NA S AD.NA 9B.NA EE.NA EE.NA A

Bin 10100000MNACK

Q0E: 23.NA 31.NA 40.NA OF.NA O4.NA O5.NA O06.NA O7.NA
o10: 08.NA O09.NA OA.NA SB.NA CA.NA OD.NA OO.NA 00.NA

018! O0.NA OD.NA 00 %% _nn sin o wn ainon s

s = o
0z0: 00.NA 0O.na oof D32 Btz © Bit/Condtion 2 Curent Byte: 0 {0x00)
[oxoso @ 73
oze:  00.Na o00.na oo S0+ O — Hex 7
030: 00.NA 0D.NA 0D addr DirlLength O  +10iS +20ps +30pS +40pS +50US 100uS =
+ & Cument Bit/Condition: 0
—— il | = il C—
[[Toxoso 4 Bin S
= il ;
Message Data T 0 T o o 1
0
2+ 2= [Pl NACK
¥ NACK_|
NO addr  Dir Length o +50us *
Da @lao.Na
i 0[T]ox0s0 £ Ricks. Werts | [ ~
llﬂlDUDOO 11001010 S10100000 10011000 11101110 111
DA 5A0.NA CA.NA S AD.NA 58.NA EE.NA EE.NA
i 1[@]oxoso 73

sCL
Sl0lo00000 110010210 510100000 10011000 11101110 111
SDA S AD.NA CA.NA 5 AD.NA 9B.NA EE.NA EE.NA

sCL
S10100000 11001010 S10100000 10011000 11101110 111

| 2 [F]ox0s0 73

Figure 7.14: Expert Message Tab (Expert Testcase)

The following views are available (selected via the radio buttons):
(1) Byte: 22 22 (text view)

(2) Bit/Condition: ?? ?? (graphic view)

Please be aware that no fields to define the address or the read/write direction are avail-
able. Thus the user has to take care that the message starts/ends with a start/stop condition
and that the first byte is a valid address with R/W bit.

This tab differs from the tab of the other testcases. The upper area is used to define the
message data. In the upper left window the user can select the bytes/condition data and the
upper right area is used to show and to edit the selected data. To store the changed data the
Update button must be pressed.

The lower area shows all messages as they will be send on the I2C-Bus in graphical format
(SCL/SDA).

The context menu in the Message Data window provides the function to show or hide the data
and the conditions inside the graphic. Additional the option ”7/8 Bit” and the “Hex/Radix”
can be set. The log of the ?? can be deleted as well. These settings are valid for all elements
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of the control. E.g. if the "Radix” option is set, all values are displayed in the decimal format
and each user input is interpreted as decimal value.

Each combination of bits, conditions and acknowledge can be defined for the Transmitter
mode. If the defined byte ends with a "NACK” and no slave responses, the transmission
will be terminated after this byte. To proceed the transmission in any case, the entry "NACK
(ignore)” must be used. If a “1” will be sent and another device stretches the bus, the trans-
mission will be terminated as well.

One or more complete receive bytes (bit 0..7) can be defined for the Receiver. It is not possible
to receive less than eight bits. The data in the Byte (Hex) is displayed as ”??”, because the
received data bits are unknown.

In the upper left area for both views a table with the following columns exists:

Addr Field contains the address of the 12C slave, which has been addressed by the master.
The icons have got the following meaning:

7-bit I12C Address
10-bit I2C Address

Dir Direction of the message (Transmit/Receive)

Master Transmitter
Master Receiver

Length Length of the message
Data This column shows the data in different views.

The following buttons are available for both views:

Add new: data byte / bit/condition

Move current data byte / bit/condition upwards

Move selected data byte / bit/condition downwards

Move current selected data byte / bit/condition line upwards (only bytes)
Move selected data byte / bit/condition line downwards (only bytes)
Delete: data byte / bit/condition

X4APvam
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Testcase Master Expert Message: Change Byte

In this view the message data is displayed in a table. The data is displayed in the byte format
(column: Data). Each line starts with the address of the data and contains eight data bytes.
The data element is a data byte with the acknowledge or the condition (?? tab page).

If the Byte representation is selected, the following data is visible at the right area of the
screen:

* Current Byte: [AddressByte] in decimal (Ox[AddressByte] in hex)

* Hex/Dec: data in hex/decimal format

* Bin: data in binary format

In the “Bin” field the bits/condition of the data byte can be set (please refer to: ??). After
the data is changed the associated values in the hex/bin box and in the table will be updated.
Figure ?? shows an example of the messages of the ?? tab page.

Current Testcase
Testcase Message  Corfiguration

Data @ Byte (O Bit/Condiion Curent Byte: 1 (0x01)
Addr| Dir LengthData A Hexe
000z s AD.NA CA.NA S AD.NA 9B.NA EE.NA EE.NA ~
00&: 23.NA 31.NA 40.NA OF.NA 04.NA 05.NA 06.NA 0OF.NA Bin

010: OB.NA 03.NA OA.NA 58.NA CA.NA OD.NA OO0.NA 0O.NA
018: 00.NA O0.NA OO0.NA OO0.NA OD.NA 0O0.NA OOD.NA 00.NA
0z0: O0.NA O0O0.NA OOD.NA O0.NA OD.NA OO0.NA OO0.NA O00.NA

[Foxoso @= 73
028: 00.NA 00.NA OO0.NA OO.NA O0O.NA 0O.NA 00.NA 00.NA v
030: O00.NA OOD.NA OO.NA OO.NA O0O.NA OO.NA 0O.NA 00.NA ¥
Reset = -4 > l <

Figure 7.15: Testcase Message Edit Byte (Expert Testcase)
The following buttons are available for this view:

Add data byte (Write Data)

Use the arrow to add one of the following data:
- Byte (write): add write byte

- Start Condition (S): add start condition

- Stop Condition (P): add stop condition

- Byte (read): add read byte

A Delete data byte

<

L
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Testcase Master Expert Message: Change Bits/Conditions

In this view the message data is displayed in a table too. The data is available in the byte
and bit/condition format, which is displayed in the graphical visualization of the SCL/SDA
signals (?? tab page). The bits and condition can be selected directly in the graphic (left area).
The selected data can be changed in the edit fields of the right area.

If the Bit/Condition mode is selected, the following data fields are visible at the right area of
the screen:

* Current Byte: [AddressByte] in decimal (0x[AddressByte] in hex)
* Hex/Dec: data in hex/decimal format

* Current Bit/Condition: [AddressBit] in the byte

# Bin: available data in the list box

If the update button is pressed the associated value will be updated in the hex field and in
the SCL/SDA graphical representation.

Figure ?? shows an example of the messages of the ?? tab page.

Curmrent Testcase

Testcase Message  Configuration

Data (O Byte (@® Bit/Condiion Currertt Byte: 1 ((x01)
P2+ [P=] [Ae Hex
Addr Dir Length 0= +20ps +40ps +e0ps +B0ys +100us A Current Bit/Condition: 3
A AD:NA - CA.NA *  Bin 5
[Moxoso B p
* ° : m° ° ° ¢ rReE _
NACK
¥ NACK_|
< >
Resst E-«d > s

Figure 7.16: Testcase Message Edit Bit (Expert Testcase)
The following buttons are available for this view:

Add data byte (Write Data)

Use the arrow to add one of the following data:
- 0: add low bit

- 1: add high bit

- NACK: add acknowledge (checked)

- NACK.IL: add acknowledge (checked ignore)
- Start Condition (S): add start condition

- Stop Condition (P): add stop condition

A Delete data bit/condition

=
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Testcase Master Expert Message: Byte and Bits Condition Text

For the data bytes the following available condition text elements are available:

Text Direction| Description

S send start condition

p send stop condition

(0..FF) NA send data byte (hex) with an acknowledge (checks acknowledge)

(0..FF) NAI send data byte (hex) with an acknowledge (ignores acknowl-
edge)

(0..FF) NA ?? send data byte (hex) with an acknowledge (checks acknowledge)
with additional (invalid) bits/conditions

??/[data] receive receive data is always unknown

ACK receive send an ACK for the slave (expects more data)

NACK receive send a NACK for the slave (last byte)

Table 7.1: Negative Tester Master Byte Text

For the data bits the following available condition text elements are available:

Text Direction| Description

0 send low value

1 send high value

S send start condition

p send stop condition

NACK send acknowledge (high value) - transmission terminated if the
slave does not generate the acknowledge

NACK.I send acknowledge (high value) - ignores the acknowledge from
the slave

NACK receive send a NACK for the slave (last byte)

NACK.I receive send a NACK for the slave (last byte)

Table 7.2: Negative Tester Master Bit Text
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Testcase Master Expert Message: Time Cursor

In the visualization of the graphic signals two cursors are available to show the current time
and the delta time between the cursors.

Double click on the scale with the left mouse button to enable the cursor that shows the time
of the current position. Then click on the scale to set the cursor to each position. To set the
second cursor hold the shift key during the click with the left mouse key.

Figure ?? shows an example of the messages of the cursor functions.

Data O Byte @ Bit/Condition

P+ P2 P
Addr  DirLength 2T *S0us  +100ws =[:.n?zrjsds +200U[A 84, 70spOuS B
SDA 00.NA 00.NA 00.NA A
[7]oxos0 @) 3
LT T T T R 00000000 00000000
v
b 4
< >
Reset = ~ [ o

Figure 7.17: Testcase Expert: Time Cursor
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Testcase Configuration Tab

This tab page is part of the ?? (chapter ??).

It is used to set the bitrate, timing and other behavior of the 12C-Bus. Most messages will
be transferred using the default timing according to the bitrate as defined in the 12C-Bus
Specification. Figure ?? shows the tab page with bitrate setting (Time Configuration not set).

Testcase Message Configuration

Bitrate (Hz) Enable Value [[] Timing Configuration

Low-Speed 100.000 5

High-Speed O 1 =

Options

Ignore Stretching [l

Ignore Arbitration Lost O

NACK Behaviour Generate STOP hd

Reset Default

Figure 7.18: Testcase Configuration Tab Page

The following elements are available:

Bitrate (Hz) Select the bitrate in [Hz]
Low-Speed Low-Speed bitrate of the message
High-Speed High-Speed bitrate of the message (use Checkbox to enable)

Options Set options
Ignore Stretching Enable Checkbox to ignores the bus stretching
Ignore Arbitration Lost Set Checkbox to ignores the loss of arbitration on SDA
NACK Behaviour Select behaviour of the test if a NACK occurs
Release SCL/SDA Release SCL and SDA immediately
Generate STOP Generate a STOP condition (default)
Restart Script Restart the test

Timing Configuration Enable Checkbox to show timing fields (refer to ??)

Button: Reset default Set the default values

Some testcases provide the option Time Configuration to change the timing of I2C-Bus mes-
sages (refer to chapter ??). If this option is enabled the bitrate can not be set. Thus the bitrate
fields show not available (n.a.). A help text always appears for the timing field that has the
focus. Additional to that, the time parameter area in the SDA /SCL signals are highlighted
(only for low speed). Figure ?? shows the tab page with the set option Time Configuration.

Most messages will be transferred using the default bitrate which is already set. Only some
testcases, which are testing the bitrate itself, may use other bitrates. For these testcases the bi-
trate field is not available (n.a.). If a high-speed operation is requested, it can be enabled and
its bitrate can be adjusted too. In high-speed mode the master code gets transmitted using the
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Current Testcase
Testcase Message Configuration

Brrate (Hz) Enable  Value Timing Configuration
LowSpeed ne Data Cock Tho had e START
i Speed 0 na Timems  TmelS)  Tme (5) Tmeins  TmedSl  TmeHS) |condtont HD STA) s descibedin
- - - s the 12C spedfication,
Optons satibod [0 [T [T cesbe[ma [Tlm |2
—— O RepSlat Sep [4720 |2 [320 = Oock D :
TrS——] — . o | . .
wp  [000 |2 [320 S Cockider [200 |2 120 :
NACK Behaviour Generate STOP - .- . e
Buff 4720 =
Fosst Dot Reset Defaut

Figure 7.19: New Negative Tester Window

standard bitrate. The remaining message gets transferred using the high-speed bitrate. The
I2C high-speed mode requires compatible I2C slaves. This mode should not be used with
standard 12C slaves.

The option Ignore Stretching forces SCL to the other required bitrate. It may lead to an in-
correct data transmission if enabled (e.g. due to short SCL high times). The option Ignore
Arbitration Lost ignores the loss of arbitration on SDA e.g. in a multimaster system. This case
usually leads to faulty data. If this option is disabled the Negative Tester stops after the loss
of arbitration is detected (recommended setting). The option “NACK Behaviour: Restart test”
could be useful if a slave sends a NACK to its address while the slave is busy (e.g. while an
EEPROM is performing an internal write operation). Be aware that can cause the test to run
forever if there is no slave!

7.4.4 Message Data Window

The window is part of the ?? (chapter ??). It shows a graphical visualization of the SDA /SCL
signals (I2C-Bus data and clock) that will be sent using the current configuration. According
to the parameters of the testcases a number of read /write messages appear in this window.
It can be used to understand the functionality of different parameter settings by watching the
changes in the graphical message representation. A zoom and scroll function for the signal
is available to have a detailed look to each bit. After a change of one parameter in the ?? the
data will be immediately updated. Figure ?? shows the Message Data Window.

Al 2] |2

NoLoop  AddrDir Len SendLen RecData Send +40ps +80ps us +160ps +180ps +200p []

1 1[]oxso B o

scL

Massages: 2 ¥

Figure 7.20: Message Data Window
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The columns have got the following meaning;:
No Number (index) of the message
Loop The number of repetitions of the message

Addr This field contains the address of the I2C slave, which has been addressed. The icons
have got the following meaning;:

7-bit I2C address
10-bit I2C address

Dir Direction of the message (Transmit/Receive)

master transmitter
master receiver
master transmitter / master receiver

Len Send Number of bytes sent to the slave device
Len Rec Number of bytes received from the slave device
Data Send Data sent to the slave device

Signals SCL/SDA signal of the I2C-Bus message

The following buttons are available:

J"" |“| Maximum Zoom Out

i —

& Zoom Out

J"" +  ZoomIn

7.4.5 Message Timing

Normally the message timing will be set according to the bitrate (refer to chapter ??). If some
special timings are for interest, please refer to the I2C-Bus Specification (Rev. 6 4 April 2014).
The standard timing can be changed. Be aware that the bitrate may be changed too, if you set
the values.

Table ?? contains the name of the field in the dialog (column: Field) and the name of the
time in the 12C-Bus Specification. The following columns show if this value is available for
low speed and high speed (LS/HS). In the last column (Description) the description of the
timing is visible.
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Field Time LS | HS | Description

Start: Hold (Is) tHD;STA X The hold time START condition

Start: Hold (hs) tHD;STA X The hold time START condition

RepStart: Hold (Is) tsu.sTA X The setup time repeated START condition

RepStart: Hold (hs) tsu,sTA X The setup time repeated START condition

Stop Setup (ls) tsu.sTO X The setup time for STOP condition

Stop: Setup (hs) tsu.sTo X The setup time for STOP condition

Clock: Before (Is) trow X The LOW period of the SCL clock before the
high clock

Clock: Before (hs) trow X The LOW period of the SCL clock before the
high clock

Clock: After (Is) trow X The LOW period of the SCL clock after the high
clock

Clock: After (hs) trow X The LOW period of the SCL clock after the high
clock

Clock (Is) tHIGH X The HIGH period of the SCL clock

Clock (hs) tHIGH X The HIGH period of the SCL clock

Buff tBUF X X The bus free time between a STOP and START

condition (graphic shows the time/2).

Table 7.3: Message Timing

7.4.6 Master Testcase Types

Table ?? shows the available testcases for the master:

Testcase Type

Transmitter | Receiver | Time

??

??

??

??

XXX X

??

7?7

?2?

?7?

?7?

X X[ XXX X[ X[ XX

X[ X[ x| X
>

Table 7.4: Master Testcase Types

Not all options are available for all testcases. Table ?? shows which testcase can be used to
send/receive data (column: Transmitter/Receiver). Additional to that, some testcases pro-
vide the option to set the message timing (column: Time).

Note:
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Master Data

This testcase sends messages with different lengths via I2C-Bus. The length of the first mes-
sage, which gets transferred, is specified by Start (bytes). The length of the following mes-
sages get periodically incremented, defined by Step (bytes). If the length exceeds the value
specified by Stop (bytes), the test stops.

Note: A master transfer with a length of zero bytes works only with special 12C
slaves. Other 12C slaves can hold the SDA line low after this test has been
executed.

Master Expert

This testcase is used to send each combination of bits and conditions inside and outside the
12C-Bus Specification.
Each bit and condition of the byte can be set. Therefore an enhanced dialog for the message
data exists (refer to 2?).

E.g. it is possible to:

* Send messages without start/stop conditions.
* Send start/stop conditions inside a message byte.

* Send bytes longer or shorter than 8 bits.

Note: To prevent any kind of trouble the expert mode should be used by experi-
enced users only. Thus the user should be familiar with the I12C-Bus Specifi-
cation (e.g. 7/10 bit addresses, sub addresses, ...) to make sure that messages
will send correctly.

The number of send message can be defined in the field Cycles. The data of the messages
are the same for each cycle.

Master Clock Diversifying

This testcase transfers I2C messages via the I2C-Bus, which contain longer pauses between
some of the bits. With this test it is possible to check, whether a slave works correctly with an
asynchronous clock. These pauses are added between different positions of the bits.

The length of the pauses can be configured by the user. The first message uses the pauses
specified by Start (ms). The pauses of the next messages are periodically incremented by Step
(ms). The test stops, after the length is reached, which is specified in Stop (ms). All values are
specified in milliseconds.

Master Stress

A lot of problems only occur, if there is a lot of traffic on the I2C-Bus and the I2C slave, which
is tested, has to handle a lot of requests within a short time.

This testcase is used to emulate this situation. During the time, which is specified by the
Time (s) value, the I2C-Bus load is nearly 100%. Even the time between two consecutive 12C
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messages is very short, because the complete message generation is handled in the Negative
Tester interface. So the PC does not add any latency.

Master Stop

This testcase transfers I2C messages via the I2C-Bus, which contain STOP conditions at illegal
positions. E.g. a message with less than 1 data byte like [START, ADDR, 5 Data Bits, STOP] is
created. The purpose of this test is to verify that an I2C slave resets its internal state machine
correctly after receiving a STOP condition.

Message lengths within the range specified by Start (bytes) and Stop (bytes) are tested. The
length gets periodically incremented by Step (bytes).

For each defined message length, which should be tested, eight transfers are created. Each
transfer places the STOP condition at a different bit position. Thus the first transfer contains
the STOP condition after the first bit of the last byte, the second transfer contains the STOP
condition after the second bit of the last byte and so on.

Master Timing

This testcase transfers an I2C message via the I2C-Bus with different timings. Several combi-
nations of [tgp.par], [tsu.par], and [targH] are tested. The tested minimum and maximum
values are conform to the value specified for standard- and fast-mode devices. The values for
fast-mode plus devices are specified in the 12C-Bus Specification And User Manual.

By setting the appropriate checkboxes it is possible to execute this test only for the selected
requirements of standard-mode, fast-mode or fast-mode plus, or for all modes.

Note: To use this test properly the signal slope on SCL and SDA is important, be-
cause otherwise it cannot be guaranteed that the Negative Tester can create
the requested timings on the I2C-Bus. Due to this fact it is important to use a
strong termination on the I2C-Bus and to prevent long cables.

Master Speed

This testcase transfers an I2C message with different bitrates. The purpose of this test is to
verify that an I12C slave supports the specified bitrates.

The first message uses a bitrate specified by Start (Hz). Messages are using a bitrate, which
is periodically incremented by Step (Hz). This testcase ends when the bitrate has reached the
limit value given by Stop (Hz).

Master Termination

This testcase transfers an I2C message with different values for the I2C bus termination (SCL
/ SDA). The purpose of this test is to verify that an I12C slave works correctly with different
types of slopes.

The first message uses a termination specified by Start (Ohm). The following messages
are using the next values from the list of possible terminations. This testcase ends if the
termination, specified by Stop (Ohm), is reached.
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Master Spike

This testcase adds spikes to the transferred I2C message. Conforming to the 12C-Bus Specifi-
cation an 12C slave has to suppress spikes of up to [tsp]. The spike length can be configured
in three steps from 40 ns to 120 ns. Usually 40 ns should be used, but depending on the bus
capacitances, longer spikes (e.g. 80 ns) could be used to see an appropriate effect. A spike
length of 120 ns is only necessary for very special setups and leads to an error in most cases.

Note: To use this test properly the signal slope on SCL and SDA is important, be-
cause otherwise it cannot be guaranteed that the Negative Tester can create
the requested timings on the I2C-Bus. Due to this fact it is important to use a
strong termination on the I2C-Bus and to prevent long cables.

7.4.7 Export / Import

E Import X

C E Export

Conﬁg uration
Negative Tester Testcase Data

File XML (" ml

Data |Bytes/Conditions v

Bytes/Conditions
Bits/Condttions

Next > Cancel

Figure 7.21: Negative Tester Testcases: Export/Import

The data of the ?? testcase can be exported/imported similar to the open/save function.
But different to open/save function the data of one ?? can be exported in an XML file, which
can be changed easily by the user.

Use the import function to create a testcase with you own scripts and send the data with the
negative tester.

The exporting to a file gets configured using a wizard, which can be started via the Nega-
tive Tester|Testcase Data|Export or Negative Tester|Testcase Data|lmport menu item or via
the ?2.

The first page of the export and the import function is identically except the caption. This
should look like Figure ??2.

The option page of the export wizard offers the following options:
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File Only the xml file is available yet.
XML (*.xml) The data gets exported to a xml file

Data The data that should be export/imported can be selected

Bytes/Conditions The bytes and the conditions (S/P) of the [2C-Bus messages will be
exported and imported. The import function of the bits/conditions data in the
XML file (if exists) will be ignored during the export process. The bits/conditions
data will be generated from the byte data after the import.

Bits/Conditions The bytes, bits and conditions will be exported and imported.
The import function of the bytes data in the XML file will be ignored during the
export process. The bytes/conditions data will be generated from the bits and
conditions data after the import. This function can only be used if the file was
exported with the Bytes/Conditions option.

The second page provides to select the path and functions to export/import the data. The
import function provides some additional elements as shown in Figure ??.

E Import

Negative Tester Testcase Data
Path |Ci‘-.Users'.jp‘\Documer|ts'-l2C Studio\my_data xmi|
Browse
Emors  [1nyalid value in tag "BtCondition”: GxACt
Copy in Clipboard < Back Import Cancel

Figure 7.22: Negative Tester Testcases: Import
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The following elements are available to export/import:

Path Full path of the export/import file

Browse Browse button to select the export/import file name
Back Go back to first page

Cancel Cancel export/import

The following elements are available to export:

Ok Start export

Browse Browse button to select the export/import file name
The following elements are available to import:

Import Start import

Error List box with the error messages - only if errors occurr
Copy in Clipboard Copy error messages into the clipboard - only if errors occurr

The import of the files cannot be finished if one or more errors exists. The error must be fixed
or the dialog must be closed via Cancel button.
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The XML-file has the following tags and attributes:

Tag Tags/Attribute Values Description
ByteCondition Value [0..0xFF], [0..255], S, P | Byte value (hex/int) or condition.
ByteCondition Value 0,1,S,P Bit value or condition.

Table 7.5: Negative Tester Attributes
The following file shows an example of a xml file:

<?xml version="1.0" encoding="UTF-8"7?>
<TraciiNegativTester xmlns="https://www.telos.com/tracii">
<ByteCondition wvalue="S">
<BitCondition value="S" />
</ByteCondition>
<ByteCondition value="0xA0">
<BitCondition value="1" />
<BitCondition value="0" />
<BitCondition value="1" />
<BitCondition value="0" />
<BitCondition value="0" />
<BitCondition value="0" />
<BitCondition value="0" />
<BitCondition value="0" />
<BitCondition value="NACK" />
</ByteCondition>
<ByteCondition value="P">
<BitCondition value="P" />
</ByteCondition>
</TraciiNegativTester>
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7.5 Negative Tester Slave

After the activation of the Slave Tab in the ?? the I2C Studio acts as a slave. It can be used to
emulate a RAM to test a I2C master.

To start/stop (activate/deactivate device) the slave mode use the menu item Negative
Tester | Start (F5) / Stop (F6) or the corresponding buttons in the toolbar.

Master Slave
Testcase Message
12C Address &0 7 Bi ( o )
Transmitter ]
Data 0001020304050607080950A0B0CODOEOF101112131415161718191A1B1CID1EIF202122232425262728292A2B2C 2D 2E2F3031323334353637 v
Receiver (]
Length 1 * | Expected Data (] Check ®
Reset Default
Results  Evaluation >
No Test Name Test Type Result Speed Cond Addr Dir Length ( ) Data A
oMaster pata [0] Master Data (g [T]oxoss 100
1Master Data [0] Master Data[og] [7]oxoss 100
2Master Data [0] Master Data[og] L [7]oxoss 200 01
3Master Data [0] Master Data[og] i [7]oxoss 200 00
4 Master Data [0] Master Data(ox i [7]oxoss = 300 01 02
5 Master Data [0] Master Data[og] [T Joxoss [F=] 300 00 0O

Figure 7.23: Slave Tab

The window is divided in the following sub windows:

(1) Testcase/Message: 2? 2?

This window is used to define the slave data.

(2) Result/Evaluation: ?? ??

This window is used to show the log data of sent I2C-Bus messages.
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7 Negative Tester

7.5.1 Slave Data Window

This windows is part of the ?? tab and is used to define the slave data and the timing be-

haviour.

Testcase  Message ( l)
Stretch To Time fns) 4 + | The "Slave" test emulates an 12C slave.
NACK After Last Byte [ ] I L N
Testcase Message
12 Address 050 7Bt - (v (2)
Transmitter []
Data 000N 02030405060708050A0BOCODOEDF 10111213 1415161718191ATBICID1EIF 2021 22232425262 V
Receiver [}
Length 1 < | Expected Data [ Check )
Reset Default

Figure 7.24: Negative Tester - Slave Tab

The following tabs are available:
(1) Testcase: 2?2 ??
This tab is used to define the options for the slave.
(2) Message: ?? ??

This tab is used to define message (buffer) data.

Testcase Slave Tab

This tab is part of the ?? and is used to set options for the slave mode. A description of the
parameters appears in the text field next to the parameter.
Figure ?? shows the testcase slave tab.
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7.5 Negative Tester Slave

Stretch To Time (ns) (500 = s

NACK After Last The "Stretch To Time" value specifies the time in which the
= Byte [ ] slave stretches the low level of the clock. If the master e.q.
sends with 400 kHz, a value of 5000 ns will slow down the

transferto 100 kHz.

Usually the slave receiver will accept maore data bytes than have
been specified. If the "NACK After Last Byte" option has been o,

1AL T

Figure 7.25: Testcase Slave Tab

The following elements are available:
e Stretch To Time (ns): Set to stretch time for the low level of the clock
o NACK After Last Byte: Set to send NACK after receiving the next byte

The Stretch To Time option specifies the time how long the slave stretches the low level of
the clock. If the master e.g. sends with 400 kHz, a value of 5000 ns will slow down the transfer
to 100 kHz. So this option can be useful to test, whether the I2C master’s stretching detection
works correctly.

Usually the slave receiver will accept more data bytes than have been specified. If the NACK
After Last Byte option has been enabled, the slave receiver sends a NACK after receiving the
next byte.

Testcase Slave Message Tab

This tab is part of the ?? and is used to set the address, to enable the buffer data. The Expected
Data will be compared to the received data in the ??. To enable this function set the Check
checkbox. The Length field is used to set the length of the data to be compared.

Master Slave

Testcase |
[2C Addresse 50 | 7B -
Transmitter
Data |CAFFEE [
Receiver
Length 1 |4 ExpectedData [] Check |CAFFEE ()

Figure 7.26: Testcase Slave Message Tab
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The following elements are available:

I2C Address Address, which the emulated I2C slave in the Negative Tester is listening to

Transmitter All settings regarding the transmitter function
Checkbox Enables/Disables the function to send message data for this address
Data Data that will be sent after a data request from this device

Receiver All settings regarding the receiver function
Checkbox Enables/Disables the function to receive message data for this address
Length Length of expected data to be compared to the received data
Expected Data The data to be received
Checkbox Enables/Disables the compare function
Data Data that will be compared to the received data

If the length is greater than the number of expected data, the test will fail. If the length
of received data is smaller, than the expected data the remaining bytes are ignored. If the
length of defined compare data is smaller than the defined length, the compare function will
be started at the first byte of defined data.

Note: It is not possible to disable the Transmitter and the Receiver function.

7.6 Negative Tester Results Window

The log output (I2C-Bus messages) of the ?? and ?? operation is displayed at the bottom of the
2.

esults | Evaluation ( l )

NO Test Name Test Type Result speed Cond Addr pir Length Data E
0oMaster pata [0] Master Data [oF] 5] [FF] [7]oxoss[mH 4CA FF EE 00

1Master Data [0] Master Data[oE] [E] [F]oxoss[m 101

ZMaster Data [0] Master Data[oE] [7]oxoss [TF S CA FF EE 00 01 |
3mMaster Data [OlMasIar Darz gl ooxnsspe L0.00

4Master Data [0f i

s Master Data [of ‘=S Eraizan. (2)
EMaster Data [0
7master Data [Of Test Results
EMaster Data [0)
gMaster pata [O

CEEE
JEEE

Master Data [0 Master Data

Figure 7.27: Negative Tester Result tabs

The following tabs are available:
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7.6 Negative Tester Results Window

(1) Result: 22 2?
Shows transmitted messages and their status .
(2) Evaluation: ?? ??
Shows HTML Page with a more detailed data evaluation (visible after the send process)

The status bar shows the number of sent/received messages and their status as well.

7.6.1 Results Tab

The Results Window shows the log output of the parsed I2C-Bus messages and the appro-
priate message status. The message data is displayed in a byte representation of the parsed
messages. These messages should be similar to the sent data which is presented in the graph-
ical view of the ??. Figure ?? shows this window.

Fesuts  Evaluation

Test Type Result/speedCond Addr Dir Length Data E3
master stop [ 12¢ Protocol Error
waster stop o

fd
vaster stopfiEl @@ ] [(Hoxso®

El Master stop o
waster stop waster stop [ T2¢ protocl Error
Master stop wmaster stop ] = o

4 Master Stop wmaster stop [a] ] [Moxsom@ o
master stop waster stop [ T3¢ Protocol Error
s e Ceo o :

5 Master Stop Master Stop [a@] [oxso @ 0
Master stop waster stop [l 1zc Protocol Error
Master Stop Master Stop ] o

1. master step master stop [og] H [osom@ 0
Waster Master Stop [ T2¢ Protocol Error
Waster aster Stop i o

17 master Clock Diversifying er clack niver!ifqu

[Foxsofffl 25600 01 02 03 04 05 06 07 03 03 DA OE OC 00 OF OF 10 11 12 13 14 15 16 17 16 19 1A 16 1C 1 1€ 1F 20 21 22 23 ...
ofm] 1000 01 02 03 04 05 06 07 08 03
35600 01 02 03 04 05 06 07 08 09 A GE OC 00 0% OF 30 11 13 43 44 4§ 16 47 18 19 1A 18 1€ b 1€ F 20 31 23 23 ..

18Master Clock Diversifying ter Clock Diversifying [
19Master Clock DiversiTying ter Clock Diversifying [gg]
20Master Clock Diversifying ter Clock Diversifying [gg)
2iMaster Clock Diversifying [2] Master Clock Diversifying [gs]
22mMaster Clock Diversifying [2] aster Clack Diversifying 1000 01 02 03 04 05 06 O7 08 09
23Master Clock Diversifying [2] Master Clock Diversifying [os] 25600 01 02 03 04 05 06 07 08 03 0A 0B OC 00 0F 0F 10 11 12 13 14 15 16 17 18 19 1A 1B 4C 1D 1E 1F 20 21 22 23 ...

= >

1000 01 02 03 04 05 06 07 08 03
25600 01 02 03 04 05 06 07 08 03 DA OB OC 00 OF OF 10 i1 12 13 14 15 16 17 18 19 4A 48 1C 4D 1E 1F 20 21 22 23 ...

< >

Figure 7.28: Result Window

The columns have got the following meaning;:
No Number (index) of the messages

Test Name Test name as defined by the user
Test Type Type of the testcase

Result Result/Status of the test execution. The icons have got the following meaning:
No Error
I2C address has not been acknowledged
One of the data bytes has not been acknowledged
= Error
Speed Speed of the testcase

I2C Normal-Speed
5] I2C High-Speed

Cond Shows whether the START and the STOP conditions have been sent one the I2C-Bus:
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7 Negative Tester

E] Only START Condition
START and STOP Condition
(=] Only STOP Condition

Addr Field contains the address of the I2C slave, which has been addressed by the master.
The icons have got the following meaning:

7-bit I12C Address
10-bit I2C Address

Dir Direction of the message (Transmit/Receive)

Master Transmitter
Master Receiver
Master Transmitter/Receiver

Length Length of the message

Data Data of the message/error messages if an error occurred

7.6.2 Evaluation Tab

The Evaluation Window shows the log output with the I2C-Bus messages and the evaluation
of the transmission. This window is available when the run is complete, thus all tests have
finished. Figure ?? and ?? show two examples.

This viewer window is HTML-based and therefore provides a web-page like look. The report
consists of several files, which are connected by links. By clicking on the links it is possible to
navigate to the different files. The context menu item Back navigates back to the previously
viewed file.

For each testcase one report file is created. Figure ?? and ?? show the result for the "Mas-
ter Speed” testcase.

The setup part of the report gives some details about the configuration. In this exam-
ple e.g. the Negative Tester and the tracer have both been configured to a termination of
”10.900 Ohm” and level thresholds of "30/70%”. The tested 12C slave uses the I2C address
”0x50”.

The result part of the report provides web-page related links (marked as "X’) to the follow-
ing files:

Input Pattern (SVG) Pattern loaded into the Negative Tester. This file uses the SVG vector

graphics format.

VHDL Stimuli (VHD) Stimuli file for VHDL, which uses the same transitions and timings as
generated by the Negative Tester. This can be used to reproduce errors with a VHDL
simulator.

Trace Data (HTML) I2C messages, which have been traced on the I2C-Bus during the test
run. This file uses the HTML format.
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7.6 Negative Tester Results Window

ADC Data (SVG) Analogue shot of the 12C lines, which has been captured during the test
run. This file uses the SVG vector graphics format.

Note: The ADC Data option is only available, if the telos Tracer consists of an addi-
tional ADC license!

Trace/ADC Data (I12CL) Contains the same data as "Trace Data (HTML)” and "ADC Data
(SVG)”. The telos 12C Studio’s own log file format I2CL is used to store this data.

The last column of the table contains the results of the test run. The given example figure ??
shows the result OK in each row while in figure ?? the I2C device has failed to communicate
at a speed of 1 MHz.

The expected bitrate is shown in the table and additional to that, the approximate average
of the real bitrate is calculated and also given in an additional column. The real bitrate can
be equal or lower than the expected bitrate. If the deviation between the real bitrate and the

expected bitrate is greater than 10%, the average bitrate cell is marked in orange (see figure
22).
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Reauta  Evausion
Master Speed

Test Type: Master Speed Test Results > Master Speed

Megative Tester
Termination 1.376/ 1.376 Ohm
Level Thresholds 30170 %

Tracer

Termination 10.900/ 10.900 Ohm

Level Thresholds 30/ 70 %

Test Configuration

12C Address (Tested Slave) 0x50 (7 bit)

NACK, Behaviour NACK_GEMNERATE_STOP

Bitrate Real average
(H=) Bitrate (Hz)
400.000 394.700
400.000 398.200
600.000 562.500
500.000 562.500
800.000 703.100
800.000 714.300
1.000.000 |833.300
1.000.000 |833.300 X
Low bitrates (>10% difference) are marked in orange (except for high-speed mode).

VHDL Stimuli
(VHD)

3
£
T
E
3
]

§§§§§§§Q§

B B B I><I><I><I><I><‘g§
B

Bl G B Bl B B B3 |><‘g
=
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Figure 7.29: Negative Tester Result - Master Speed Test - OK
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Reauts  Eyauston
Master Speed

Test Type: Master Speed Test Results = Master Speed

Megative Tester
Termination 1.534/1.534 Ohm
Level Thresheolds 30/70 %

10.800/10.800 Ohm
30/ 70 %

12C Address (Tested Slave) 0x50 (7 bit)
Ignore Stretching Enabled
NACK Behaviour MNACK_GENERATE_STOP

Bitrate Real average VHDL Stimuli
(Hz) Bitrate (Hz) (VHD)

400.000  |394.700
400.000  |394.700
B600.000  |592.100
600.000  |592.100
800.000 |775.900
800.000 |775.900
1.000.000 |978.300

B3 B B B B S
E E E (S (B [ (P
B E B B (B () (B
B3 B B B B S

% Q§§§§§Q§
= =3 =3 3 =
&

1.000.000 |1.000.000

[
[
B
[

Low bitrates (>10% difference) are marked in orange (except for high-speed mode).

Figure 7.30: Negative Tester Result - Master Speed Test - Not OK
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7 Negative Tester

7.7 Options

Figure ?? shows the "Options” dialog for the Negative Tester.

E MNegative Tester

Comman
Report Directory

C:\Users\jp\Documents™|2C Studio‘\negative_tester_report

Tracer
Select 12C Interface

telos Tracii XL 2.0 [SN Ox788B]

Master
Master High-Speed

Master Code | 308

Resst

Browse

Cancel

Figure 7.31: Negative Tester Options

This dialog can be opened using the Negative Tester|Negative Tester Options menu item.

The following options can be configured within this dialog;:

Report Directory During the test run a test report in the HTML format gets generated. This

parameter specifies the directory, into which this report gets written.

Select 12C Interface The telos Negative Tester interface itself works only as an I2C master or
12C slave on the bus. To use the Negative Tester with the telos I2C Studio, a telos Tracii
XL or telos Tracii XL 2.0 interface with a valid tracer license is needed additionally. This
interface has to be connected to the same bus like the Negative Tester. In this case all

connected tracer interfaces are displayed in this menu and can be selected.

Master High Speed In I2C high-speed mode each message starts with a master code. This

option configures the master code to be used.
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8.1 Introduction

File Edit Script Access Tools Language Help
N 2 H © >, &
Mew Open Save All Start Stop Start ADC  Stop ADC | Clear All Slave
Workspace 1 x Script (0) - ¥
El-aii\%url;pace VLLLLL LA TATIS LTSS LEE PSS ET AT LA ET PSP i -
aster J// Csharp sample default.cs I
“[_J Negative Tester // telos Systementwicklung GmbH i
£153 Seript 4/ http://wew.telos.info Vi
i By Seript (0) FIELELATET TSI FE SIS E BT T E OIS ET AT AT
L 2] Tracer using System;

using System.Collections.Generic;
using telos.IZcApi.DotNet;

namespace MyMamespace
public class MyClass

[5TAThread]
gubﬁc static void Main()

HardwareInfo hardware_info;
List«<HardwareInfo= 1ist_of_boards;

Qutput
2 I2C interface(s) have been found:

I2C Interface 0: Serial="OxEA4A", Type="Dummy™
I2C Interface 1: Serial="0x0512", Type="telos Tracii XL 2.0"

Lnl Chl

Figure 8.1: Script Window

The master and the tracer windows provide a powerful and convenient way to use the
I2C interfaces from telos. But sometimes users need a more flexible way to access the 12C
interfaces. Therefor I2C Studio offers the script window.

A new script window can be created using the New button, the menu item File|New or the
context menu item New from the workspace. In contrast to the other window types a script
window is never associated to a certain I2C interface. The user has to set up an interface
connection manually by calling the appropriate functions from I2C.NET APL

The script window consists of two text boxes. The upper text box allows to enter the script.
The lower text box receives error messages from the compiler and the output generated by
the script.
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The programming language supported by the script window is C#. Two frameworks are
available in the script window: .NET 4.0 and the I2C.NET API. The user can add additional
libraries, which are based on .NET 4.0.

The programming language C# is defined in ECMA-334, which can be downloaded from
here:

http://www.ecma—-international.org/publications/standards/Ecma-334.
htm

The documentation for the I2C.NET API is part of the I2C Studio setup package. It can be
opened by the menu item Help|I12C Api Documentation.
I2C Studio comes with APIs for several other languages:

o C++

e .NET (e.g. C#, Visual Basic, and Delphi)
e C

e Labview

o NXP (formerly Philips Semiconductors) URT and URD

These APIs cannot be used directly in I2C Studio. Instead the programmer can use them
within the normal development environments.

8.2 Example

The following C# source code can be used to demonstrate the script window:

LITTTT07 7770007777777 7777777777777 777777777777777777777777777777777777777777777

// CSharp Sample default.cs //
// telos Systementwicklung GmbH //
// https://www.telos.info //

LITTTTL77 7000077770777 7077777777777 7 777777777777 77777777777777777777777777

using System;
using System.Collections.Generic;
using telos.I2cApi.DotNet;

namespace MyNamespace

{
public class MyClass

{
[STAThread]
public static void Main ()
{
HardwareInfo hardware_info;
List<HardwareInfo> list_of_boards;

try
{
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8.3 Configuration

using (Board board = new Board())
{
list_of_boards = board.ListOfBoards;

Console.WriteLine () ;
Console.WriteLine ("{0} I2C interface(s) have been found:", list_of_boards.Count);
Console.WriteLine () ;

for (int i = 0; i1 < list_of_boards.Count; i++)
{

hardware_info = list_of_boards[i];

Console.WriteLine ("I2C Interface {0}: Serial=\"O0x{1:X4}\", Type=\"{2}\"",
j—r
hardware_info.SerialNumber,
HardwareInfo.GetBoardTypeAsString (hardware_info.BoardType));
}

//
// TODO: Add your script code
//
}
}

catch (System.Exception ex)
{

Console.WritelLine ("Error: " + ex.Message);

}

This program establishes a connection to the I2C scheduler and outputs a list of the I2C
interfaces, which are currently connected to the local PC.

After a script has been entered, it can be started using the Start button or the menu item
Script|Start.

While a script is running, its output is redirected to the output text box.

Note: More examples for several programming languages can be found in the ex-
amples folder of the installation path of I2C Studio (see section ?? for more
details).

8.3 Configuration

Like the other function windows the script window has got a configuration dialog, see figure
??. This dialog can be opened using the menu item Script|Script Options.
The dialog offers the following options:

Main Class Defines the name of the class, which contains the “Main” method. If the source
code uses a namespace, this has to be specified, too. For the example the correct value
would be "MyNamespace.MyClass”.

Referenced Assemblies Contains a list of .NET assemblies, which should be linked to the
executable. To communicate with the I2C interfaces the i2capi_dotnet_net40.d1l1l
is needed.
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E Script @
Main Class
MyMamespace MyClass

Referenced Assemblies

i2capi_dotnet_net40 dll

Reset || OK || cancel

Figure 8.2: Script Window: Options Dialog

Assemblies can be added by using the Add button and removed by using the Remove
button.

8.4 Development Environment

While writing scripts like mentioned above, it could be helpful to use a more sophisticated
development environment like Microsoft Visual Studio. E.g. if step by step debugging is
necessary to be used while development. Therefore the given examples (see ??) written in
C#.NET, which can be found in the installation folder examples\dotnet), provide a project
[«.csproj] file. This can be loaded into Microsoft Visual Studio to take advantage of this
development environment and to extend or vary the examples for individual purposes.

8.5 Advanced Examples

The setup package of I2C Studio contains some advanced examples, which demonstrate the
features of the I2C.NET API They are located in the installation directory of 12C Studio in
examples\dotnet).

The available examples are:

AdcExample.cs Demonstrates the usage of the module, which can create analog shots of the
I2C lines SCL and SDA.

InputTestpinsExample.cs Demonstrates the module, which can monitor the transitions of
the input testpins.
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MasterExample.cs Demonstrates how to send messages on the I2C-bus.
NegativeTesterExample.cs Demonstrates the Negative Tester interface.
PluginExample.cs Demonstrate the writing of plug-ins for I12C Studio.

TracerExample.cs Demonstrate how to record the messages, which have been sent on the
12C-bus.

8.6 12C.NET API (IRD)

Communicating with I2C slaves from a script can be exhausting, because the device specific
high-level protocols must be implemented by hand using the data sheets of the devices.

To make life easier I2C Studio comes with the i2capi_dotnet_ird.d11 assembly. It has
been created using the IRD compiler, which is described in section ??.

All IRD files of 12C Studio have been converted to .NET classes. These classes allow a
type-safe access to the registers and values of several widely used I2C slaves.

The following example demonstrates how to use one of theses classes to read out the Maxim
DS 1307, which is connected to the virtual I2C-bus of the Dummy I2C interface. The emulated
I2C slave uses address 0x68.

using System;

using System.Collections.Generic;
using System.Text;

using telos.I2cApi.DotNet;

using telos.Ird.Maxim;

namespace Test
{
class Program
{
static void Main(string[] args)
{
Board board;
Ds1307 clock;

board = new Board();
try
{
// open Dummy
board.Open (board.ListOfBoards([0]);

// create DS 1307 wrapper for address 0x68
clock = new Dsl1307 (board, new I2cAddress (0x68, false), "..\\ird");

// read out date/time every 500 ms
while (true)
{
Console.WriteLine ((clock.Year+2000).ToString() .PadLeft (4) + "/" +
clock.Month.ToString ("D2") + "/" +
clock.Date.ToString ("D2") + " " +
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clock.Hours.ToString () .PadLeft (2) + ":" +
clock.Minutes.ToString ("D2") + ":" +
clock.Seconds.ToString ("D2"));
System.Threading.Thread.Sleep (500);
}
}
finally

{

board.Dispose () ;

}

To execute this script in the script window it is necessary to add two .NET assemblies to the
options dialog: i2capi_dotnet net40.dll and i2capi-dotnet_ird.dll.
The example reads out the data and time from the DS 1307 every 500 ms.
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9 Tools

9.1 12C Memory Slave

The I2C interface types telos Tracii XL and telos Tracii XL 2.0 can be configured to act as a
slave on the I12C-bus. This slave behaves like a standard 12C RAM with a capacity of 256
bytes. A description of the high-level I2C protocol used by such RAMs can be found e.g. in
the data-sheet of the NXP PCF8570 IC:

http://www.nxp.com/products/interface_and_connectivity/i2¢c/i2c_serial_
eeprom_ram/series/PCF8570.html

The slave in telos Tracii XL 2.0 supports 7-bit and 10-bit I2C addresses. It also supports the
I2C high-speed mode.

T 12C Memory Slave @

Select 12C Interface
[te]ns Tracii XL 2.0 [SN Ox0512] v]

Slave Configuration

[] Enable  [] AIIXC Addresses 12 Address B30 (7Bt ()

Auto Incremert Memory Size Timeout [ms] | Disabled -
00 [(ae

Figure 9.1: I2C Memory Slave

The configuration dialog (see figure ??) for the slave mode is opened by the menu item
Tools|12C Memory Slave or by pressing the Slave button on the toolbar (see section ??).

&
Slave
Figure 9.2: Toolbar Slave Button
Within this dialog the following options can be configured:
Select 12C Interface This combo box contains a list of I2C interfaces, which can be used as

I2C slaves. The configuration shown under “Slave Configuration” refers to the 12C
interface selected in this combo box.
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9 Tools

Enable If this check box is set, the slave emulation is running.

All 12C Addresses If this check box is set, the emulated RAM listens on all possible 7-bit or
10-bit I2C addresses.

I12C Address Specifies the I12C slave address of the emulated RAM. All I2C requests sent on
the I2C-bus to this address will be answered by the 12C interface.

Memory Size Configures the size of the emulated 12C slave.

Auto Increment Enables/disables auto incrementing of the address pointer in the emulated
I2C slave.

Timeout Configures the timeout of the emulated I12C slave.
Data Gets/sets the data of the emulated RAM.

Note: telos Tracii XL2.0 can operate as I2C master and 12C slave in parallel. While
the RAM slave emulation is running, an I2C message can be sent by master
from the same I2C interface.

If the user has enabled the slave using the configuration dialog, it stays enabled while 12C
Studio is running. Even closing the configuration dialog will not stop the slave emulation.
An enabled slave will be notified by a green slave button (see figure ??).

&

Slave

Figure 9.3: Toolbar Slave Button enabled

9.2 JEDEC SPD

There is an important field, where I2C EEPROMs are used in the PC industry: memory mod-
ules. All memory modules sold today contain an EEPROM, which describes the timing pa-
rameters needed by the module so that the user must not enter these parameters manually.
The JEDEC standards and specifications can be downloaded from the JEDEC WWW page at:

http://www. jedec.org/

Figure ?? shows the dialog, which has been opened by clicking onto the menu item Tools|JEDEC
SPD.

There are Read and Write buttons to exchange the configuration with an appropriate EEP-
ROM connected to the I2C-bus of the selected I2C interface. The I12C address of the EEPROM
is not fix. The user has to specify the I2C address he wants to exchange the data with.

Moreover there are Import and Export buttons, which export the content as an image to a
file and reimport it.

All other fields of the dialog serve the modification of the content to be stored in the JEDEC
image.
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9.3 SMBus Address Resolution Protocol

7T JEDEC SPD [
Select 12C Interface
[telos Tracii XL 2.0 [SN 0x0512] o) [Addrosd  v|[ Read || wne |
RAM Type
[DDR SDRAM -]
Fields Mumber of Bytes (Ltilized by Manufacturer)
r J
128 Bytes | =
General -
Number Bytes 128 Bytes Description:
Total Bytes 256 Bytes
SPD Revision Rev 1.0 = This field specifies the total number of bytes used by the module manufacturer (SPD -
Marufacturer Data T data/optional specific supplier).
Manufacturer AMD
Manuf. Location 0 = Defined in:
Part Number JEDEC Standard No. 21-C - 4.1.2.4 {Appendix D) Rev. 1.0
Revision Code 00 00 Byte: 0
Manufacturing Date 01/2000
Serial Number 00 0D 00 00
Manufacturer Data 00 00 0000 DD M
Customer Data 00 0D DO 00 0D
Elementary Module Data
Rows (Bank 1) 1
Rows (Bank 2) Mo 2nd Asymmetr
Columns (Bank 1) 1
Columns {Bark 2) Mo 2nd Asymmetr
DIMM Barikes 1 & o
) (]

Figure 9.4: JEDEC SPD

9.3 SMBus Address Resolution Protocol

The SMBus specification version 2.0 describes in section 5.6 an “Address Resolution Protocol”
(ARP). Using this protocol a SMBus ARP master can determine the slave address of SMBus
ARP slaves, which are using a fix address. Furthermore the master can assign an address to
slaves using dynamic addresses during runtime. With the help of this protocol the master can
also get some information about the slaves, e.g. the vendor and device IDs.

I2C Studio contains a SMBus ARP dialog, which implements an ARP master. This dialog,
opened by the menu item Tools|SMB ARP, is shown in figure 2?.

Normally the ARP process does not need any interactions of the user. It is simply started
by clicking onto the Start button. Afterwards the "Devices” table contains a list of all found
devices, which support SMBus ARP. The first column of the table contains the “Unique Device
Identifier” (UDID), the second the I12C address used by this device.

The UDID contains some information about the device. An interpreted view of this value
can be viewed by selecting a row in the table and clicking onto the Device Info button. A new
dialog opens, which is shown in figure ??.

When developing a new SMBus slave device, it can be useful to execute the ARP process
step by step. For this purpose there is an advanced ARP dialog, which can be opened using
the Advanced button. The advanced ARP dialog is shown in figure ??.

The meaning of the ARP commands, which can be triggered with the buttons of this dialog,
are described in the SMBus specification.
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9 Tools

Note:

Besides the SMBus ARP dialog 12C Studio also supports ARP in the tracer function win-
dow. Using a supplied IRD file, which must be registered to the I2C address 0x61, the ARP

IIC SMBus ARP

Select 12C Interface

telos Tracii XL 2.0 [SN 0x0512]

Devices

upID

I2C Address

Status
SMBus ARP master is ready.

Figure 9.5: SMBus ARP Dialog

TIC $MBus ARP: Device Info

Devics Infofrom UDID
Devics Capabilties  Dynamic and volatle address device (0:0]| |
UDID Version UDID verson 1, SMBus 2.0 relsase (0cl)
Sifoon Revison 00

SMBus Version MBS 2.0 @cd)

Vender ID 01131
Device o] 0001
Subsystem Vendor ID 00000
Subsystem Device ID 00000
Vendor Specific ID c12345678

PEC Support Yes
ZONE Support
IPMI Support
ASF Support
OEM Support

Figure 9.6: SMBus ARP Dialog: Device Info

At the moment there are not a lot of SMBus devices on the market supporting
SMBus ARP. Even these devices does not work correctly, because their algo-
rithm to calculate the “Packet Error Checking” (PEC) does not conform to the
SMBus specification.

communication between the SMBus ARP master and the ARP slaves can be viewed.

9.4 IRD Compiler

IRD files are used by I2C Studio to describe the registers and values of an I12C device. This
file format is based on XML. I2C Studio comes with a lot of ready to use IRD files for widely

used 12C slaves. The user has also the possibility to write its own IRD files.
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9.4 IRD Compiler

T SMBus ARP: Advanced ==

upiD |

Commands

General

| PepareToip | [ Resstl || GetUDID

Directed

I2C Address  B7F (7Bt~ |(w)

ResstDevice | [ GetUDID
Status

Figure 9.7: SMBus ARP Dialog: Advanced

TC IRD Compiler (S
Input
File C:\Program Files'telos Systementwicklung GmbH'telos 12C Studiotird\analog\adm1021a ird
Output
Fle C:emp‘adml0Zla.cs
Create DLL
| Cance [ ok |

Figure 9.8: IRD Compiler Dialog

Using the IRD compiler it is possible to convert an IRD file to a C# source code file. Such a
source code file contains one class, which offers a type-safe access to the registers/values of a
device via the 12C-bus.

Using such a class communicating with an I2C slave from a script or one’s own .NET pro-
gram becomes a lot of easier. It is no longer necessary to calculate the data bytes to be sent to
the I2C slave from its data-sheet. Instead, the developer can simply assign the needed value
to a property of the created class.

This dialog offers the following options:

Input File Contains the name of the IRD file, which should be converted.
Output File The C# source code file gets written to a file with this name.

Create DLL If this box is checked, the C# source code gets compiled to a .NET assembly DLL,
which can be used from all programming languages which come with .NET support.

The conversion is started by clicking onto the OK button.
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9 Tools

The .NET assembly i2capi_dotnet_ird.d1l1l contains the classes for all IRD files which
come with I2C Studio. It can be found in the installation directory of I2C Studio in the subdi-
rectory 1ib\.

9.5 IRD Composer

’
E IRD Composer: Chternpladm1023.xmil u

|Gene|a|| Registers |Types: HegerlTypes:RSCllITypes:Stlﬁg |Types:May|Values|

Format T Register R Register Name POR [}

» Byte - 0 Local Temp. Value 128 local_temp_value
Byte - 1 Remote Temp. Value High Byte 128 remote_temp_value_high
Byte - 2 Status status
Byte -5 3 Configuration 0 corfiguration
Byte - |10 4 Conversion Rate 2 conversion_rate
Byte - |11 5 Local Temp. High Limit 127 local_temp_high_limit
Byte - |12 6 Local Temp. Low Limit 201 local_temp_low_limit
Byte |13 7 Remote Temp. High Limit High Byte 127 remote_temp_high_limit_high
Byte |14 8 Remote Temp. Low Limit High Byte 2M remote_temp_low_limit_high
Empty |+ |15 _ One-Shot _ one_shot
Byte - 16 Remote Temp. Value Low Byte 0 remote_temp_value_low
Byte - |17 17 Remote Temp. Offset High Byte 0 remote_temp_offsst_high
Byte - |18 18 Remote Temp. Offset Low Byte i} remote_temp_offset_low
Byte - |15 15 Remote Temp. High Limit Low Byte i} remote_temp_high_limit_low
Byte - |20 20 Remote Temp. Low Limit Low Byte 0 remote_temp_low_limit_low
Byte - 254 Manufacturer Device ID 65 manufacturer_id
Byte - 255 Die Revision Code device_revision_id

Figure 9.9: IRD Composer Dialog

I2C Studio comes with a large collection of IRD files for all common I2C devices. However,
there will be always 12C devices for which there are no ready-to-use IRD files. In such a
situation the user has two possibilities for writing his own IRD files: he can write the IRD
files, which are in fact XML files, by hand using the "IRD User Manual” and a text editor. Or
he can use the IRD Composer to create the IRD files.

Figure ?? shows the IRD Composer, which can be opened using the menu item Tools|IRD
Composer. This dialog offers a graphical user interface for creating IRD files.

It consists of a collection of tab pages, which contain input masks for defining general in-
formation, registers, types, and values. The exact meanings of all these fields are not covered
by this manual. They are described in the "IRD User Manual”.

After all information for one I2C device has been entered, the Save button can be used to
create an IRD file. This file uses, like all IRD files created by the user, the suffix « . xm1 instead
of .ird.
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9.5 IRD Composer

The Load button loads an IRD file, which has been created by the user, into the dialog. It is
not possible to load IRD files into this dialog, which are part of 12C Studio.
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10 License & Support

10.1 License Management

10.1.1 Service Contracts

Each I2C interface bought from telos has got a service contract. This service contract is valid
for 12 months. During this time the user gets free software updates of 12C Studio and free
support.

To benefit from new features in future release or make use of the support after these 12
months, the service contract can be extended or renewed. To get prices please visit the telos
home page or get in contact with our sales department:

https://www.telos.info/shop/service-contracts/

Service contract extensions are delivered in the form of registration codes.

10.1.2 Upgrade Features

Some I2C interfaces like e.g. telos Tracii XL 2.0 have got several features, which can be bought
separately. If the user e.g. owns a basic telos Tracii XL 2.0, he can buy the "Tracer Option” at
a later time.

To get this new feature, it is not necessary to send the I2C interface back to telos. Instead
the user simply gets a registration code, which will enable the feature in the I12C interface.

10.1.3 Registration Dialog

The License Manager has got two purposes. It can be used to view the currently available
features and the service contracts of an I2C interface. Furthermore the user can enter registra-
tion codes, which have be purchased from telos, to extend the service contracts or to enable
new features.

The file menu item File|Registration is used to open this dialog. The dialog can be divided
into the following parts:

Select Board Contains a list of all I2C interfaces, which are currently visible for I2C Studio.
The user has to select the 12C interface, whose licenses should be viewed or modified.

Licenses This table contains the licenses, which are currently stored in the selected 12C in-
terface:

Status Indicates, whether this feature can be used with this version of 12C Studio.

license available
license not available
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10 License & Support

s .
E License-Manager @
Select 12C Inteface
[te1 os Tracii XL 2.0 [SN 0x4716] v]
License
License Service Contract Lintil
Master 31.08.2019
Master High-Speed 31.08.2015%
Tracer 31.08.2019
ADC 31.08.2019
MNegative Tester Feature not available
Labview Feature not available

Needed Licenss
This version of telos [2C Studio requires a service contract until at least: 31.03.2016.

License-Key

The registration code can be used to unlock features of an 12C interface.

For more information please contact telos sales depatment [sales@telos.info].

AN BE CC DD EE FF 01 02 03 04 05 06 07 08 09 -

Set ] [ Paste from Clipboard

Figure 10.1: License Manager

License Name of the feature.

Service Contract Until This feature can be used with all I2C Studio versions, which
have been release not later than this date. The I2C interface shown in figure ?? can
be used with all I2C Studio versions released not later than 2008 /09 /30.

Required License Shows the date, when the currently running version of 12C Studio has
been released.

Registration Code One or more registration codes can be entered in this field to enable new
features or to renew the service contracts. When a registration code is set using the Set
button, the updated license information is stored in the 12C interface itself. So after-
wards the registration code is no longer needed.

Note: If the user buys some additional features or a service contract extension to-
gether with the basic hardware, all needed license information is already
stored in the I2C interface. So the user does not have to enter any registration
codes.
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10.2 Support

10.2 Support

telos offers support for its products by e-mail or phone. We do our best to solve any problem

within one working day.
To get into contact with the telos product support:

telos Systementwicklung GmbH
Kaiser-Wilhelm-Strasse 93

20355 Hamburg

Germany

Phone: +49 40 450173 61
Fax:  +49 40450173 99
E-Mail: tsupport@telos.de

Web: www.telos.info

Version:V5.8.0.0

r 3
TE About telos I2C Studio -
Buid Information | Used Libraries | Info |
Module Information
-
Windows 7 6.1.7601.65536, Service Pack 1 (x64)
PC Information: M
CPU: Intel(R) Core(TM) i7-3770 CPU @ 3.40GHz
RAM: 16384 MB
Product Information:
Product Mame: telos I2C Studio il
4 I3
Logfile Contents
A
4 I3
@ Cument () Previous Submit ] [CopyTo Clipboard ]
telos Systementwicklung GmbH  bttp o/ fwww telos.info

Figure 10.2: About Dialog

Please always add the type and the serial number of your I12C interface to your e-mails. The
easiest way to get this information is to use the “About” dialog, which can be opened using
Help|About. With the Copy to Clipboard button all needed information is copied to the MS
Windows clipboard. Alternatively the Submit button can be used to mail all this information

directly to the product support.
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11 Redistribution

11.1 Overview

Sometimes a user wants to distribute an application, which has been written using one of the
I2C APIs, to other users. Therefore it is necessary to redistribute the infrastructure to these
users, which is needed to communicate with the I2C interfaces from telos.

If the redistribution of the complete I12C Studio is not the desired solution, it is possible to
include only the really needed files into the user’s own setup package. telos does not offer
any support for such setups.

Normally three components are needed: the driver, the I2C scheduler, and the API itself.

11.2 Driver

The driver can be found in the installation directory:
<install dir>\drivers

If the tools, which are used to create the setup package, do not support the installation
of drivers by itself, telos recommends to use the ”Driver Install Frameworks (DIFx)” from
Microsoft, which is part of the WDK.

11.3 12C Scheduler

The I2C Scheduler is located in the following executable:
<install dir>\bin\tracii_scheduler.exe

This executable must be registered as Windows Service during the installation of the setup
package. Before a setup package gets deinstalled the Windows Service must be deregistered.
The I2C scheduler offers some command line options to register and deregister itself:

tracii_scheduler.exe <option>

/install_2000 register the I2C scheduler (>= Win2k)
/remove_2000 deregister the I2C scheduler (>= WinZ2k)

After a successful registration the I2C Scheduler can be found in the Services dialog of the
Administrative Tools (see figure ??).

11.4 API

Depending on the used API different files must be included into the user’s own setup pack-
age.
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11 Redistribution

Ci Services |M
File Action View Help

e @ E a2 HE >80 ®

Narme ° Description Status Startup Type Log On As T
& Group Policy Client The service is responsible for applying settings configur...  Started Automatic Local System

& Health Key and Certificate Management Provides X.509 certificate and key management services... Manual Local System

L Human Interface Device Access Enables generic input access to Human Interface Devic... Manual Local System

" I2C Scheduler telos' 2C Scheduler (hitp://www telos.info/] Started Automatic Local System

£+ IKE and AuthlP [Psec Keying Modules The IKEEXT service hosts the Internet Key Exchange (IKE...  Started Automatic Local System

& Infrared monitor service Detects other Infrared devices that arein range and lau...  Started Automatic Local System £
L Interactive Services Detection Enables user notification of user input for interactive ser... Manual Local System | 4
L Intermet Connection Sharing (ICS) Provides network address translation, addressing, name... Disabled Local System

. IP Helper Provides automatic IPvG connectivity over an IPvd netw...  Started Automatic Local System

& IPsec Policy Agent Internet Protocol security (IPsec) supports network-leve...  Started Automatic MNetwork Service

. KtmRm for Distributed Transaction Coordinator  Coordinates transactions between MSDTC and the Kern...  Started Automatic (D... MNetwork Service

& Link-Layer Topology Discovery Mapper Creates a Metwork Map, consisting of PC and device to... Manual Local Service

% Lookout Citadel Server Historical data logging database service used for Looko...  Started Automatic Local System

&4 Microsoft \NET Framework NGEN v2.0.50727_X64 Microsoft .NET Framework NGEN Manual Local System

&4 Microsoft [NET Framework NGEN v2.0.50727_X86 Microsoft .NET Framework NGEN Manual Local System

&4 Microsoft iSCSI Initiator Service Manages Internet SCSI (iSCSI) sessions from this compu... Manual Local System

&4 Microsoft Software Shadow Copy Provider Manages software-based volume shadow copies taken ... Manual Local System

&4 Multimedia Class Scheduler Enables relative prioritization of work based on system-...  Started Automatic Local System

& National Instruments Domain Service Provides a domain server for NI security. Started Automatic Local System

& National Instruments PSP Server Locator Locates PSP servers at the request of PSP clients, Started Automatic Local System

L National Instruments Time Synchrenization Allows this machine to keep its time synchronized with ...  Started Automatic Local System

i Net.Tep Port Sharing Service Provides ability to share TCP ports over the net.tcp prot.., Disabled Local Service -

Extended )\ Standard

Figure 11.1: Control Panel\ Administrative Tools\Services

1141 C

The I2C.C APl is located in the following files:

<windows dir>\SysWOW64\i2capi_c.dll
<windows dir>\System32\i2capi.-c.dll

11.4.2 C++

As the I2C.C++ API gets linked statically to the user’s application; no additional files must be

included into the setup package.

11.4.3 .NET

The I2C.NET API can be found in the following directory:

<install dir>\lib\dotnet

There are two subdirectories, which contain the 32-bit and the 64-bit versions of the I2C.NET

assembly. The interface of both assemblies is compatible.

11.4.4 Java

The JAR file and the DLLs of the 12C.Java API can be found in the following directory:

<install dir>\java
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11.4 API

11.4.5 Labview

For the I2C.Labview API some more files are needed. At first two .NET assemblies are needed:
the 2C.NET APl and i2capi_dotnet_labview.dll. The second assembly can be found in
the Assembly Cache of Windows, which can be accessed using the following virtual directo-
ries:

<windows dir>\assembly (.NET 2.0)
<windows dir>\Microsoft.NET\assembly\GACMSIL\i2capi.dotnet_labview\<version>
(NET 4.0)

In addition to these assemblies it is necessary to add all used I2C VlIs to the Labview project
or setup package. These VIs can be found in the following directory:

<install dir>\labview

The VIs support Labview starting with version 2014. Older versions for Labview 8.2 are
still available from our support.

If a package or project dependency cannot be resolved on loading then just point the envi-
ronment to the proper directory.

There are two sample Labview projects delivered with I2C Studio for an I2C Master Trans-
mitter and Tracer. They can be found in <install dir>\examples\labview.

The Labview projects provide predefined build targets which require write access to the
<install dir>\examples\labview\Example [Master|Tracer] directory. If the build
process does not complete because of missing file permissions the directories <install
dir>\examples\labview and <install dir>\labview can be copied to a different lo-
cation with proper file permissions. This probably requires the resolution of missing depen-
dencies.
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