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1. Document revisions

Rev  Date Author Remark
0.0.1 | 08/19/2014 | Claus Draft
Gindhart
1.0.0 | 08/20/2014 | Claus Initial release version after proof reading by SKO
Gindhart
1.0.1 | 09/17/2014 | Claus Added Support for Debian Linux and Beaglebone Rev C
Gindhart
1.0.2  09/30/2014  S. Added new block diagram; Format changes
Kostelidis
1.0.3 | 10/30/2015 | Nadja Corrected Reading of GPIOs
Stark
1.0.4 | 09/11/2016 | Nadja Adding instructions for using Debian package with all files for
Stark testing
1.0.5 | 05/02/2017 | Frederik Added comment on power protection. Added comment on
Funk EEPROM write protection. Added chapter about testing RS485-
Interface, internal checked and released by NST without
changes

2. Copyright notice

Copyright (c) 2014 ginno

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and as-
sociated documentation files (the "Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial
portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, IN-
CLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARIS-ING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE
USE OR OTHER DEALINGS IN THE SOFTWARE.

3. Introduction

3.1 What is the qCAPE-COM1

The qCAPE-COML1 is an extension module specifically designed for the Beagle Bone Black (BBB). It
provides different Interfaces and digital 1/O for direct usage in industrial environment.

3.2 Scope of this document

This document describes how to use the various onboard devices of the Cape in Linux applications.
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4. HW description

4.1 Product picture (component side)

mm§

4.2 Block diagram

i @ QUALITY INNOVATIONS
4-Pin K . Power supply
2-Pin 3-Pin
power terminal ; VIN=12 to 48 Volt
block connector terminal block VOUT=5 Volt for
{k @ BBB and other
Capes
External RESET Isolated RS-485
input Transceiver
FAN _
5 pin terminal Cape-EEPROM 4";‘;‘;‘:'::;;':5" A 4 x 2-Pin terminal
block 32K x 8Bit optocoupler block
RS232 Line Digital Temperature 4xhigh side power LR 4 x 4-Pin terminal
D-Sub-9 male C;:l,\/ Driver / Receiver Sensor switch, digital out. block
RS232 Line User-EEPROM . A Battery holder for
D-5ub-3 male CI‘:D Driver / Receiver 128K x 8bit Real Time Clock CR2032
T & 4 3¢l ¢ L1
Expansion to BeagleBone Black
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4.3 BBB’s pins occupied by qCAPE-COM1
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4.4 Mechanical dimensions of qCAPE-COM1
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4.5 Features

e Power supply input (12V — 45V min. 0.5A. Required to work with cape). Power protection is imple-
mented using a transient-voltage-suppression (TVS) diode and a reverse power protection di-
ode.

e 4 digital outputs (up to 1.4A @ 24V @ 25 °C), operating Voltage 12..45V

e 4 digital inputs (up to 24V, threshold @ 6.5V)

e 2 RS232 interfaces (TXD, RXD, CTS, RTS)

e RS485 interface with 15kV ESD protection and switchable termination resistors

e Real Time Clock with leap-year compensation and CR2032 battery socket

o 1Mbit EEPROM memory with 12C interface

e On-board temperature sensor with 12C interface (-55°C to +125°C)

e Reset input connector for external switch (JST PH type)

4.6 Connector locations

Digital inputs

Board ID

(cape select)
Power supply

input
—— (12v —45V)
Digital inputs CR2032
(up to 24V) battery
socket
RS485 EEPROM write-
(isolated) protection (open).

Needed for pro-
duction process.

Termination
resistors
select for RS485

Reset
input
RS232 RS232
port 1 port 2
Subject to change without notice MA_gCAPE-COM1.pdf Revision: 1.0.5
Rights reserved by ginno GmbH Last Update 02-05-17

Page 6 of 18



GCAPE-COM1 for Beaglebone Black q 1IMNMNO

@ QUALITY INNOVATIONS

4.7 Connector table and pinout

xia X3 x12 X5 Name Description (Board V1.1)
| = Power Input
"""J L—ﬁﬂ ' -'MJ 1 EEE 'f X6-1,2 | Power Input VCC (+12..+45V)
e X6-3,4 | Power Input GND
X8 Reset Input
X3-1 GND
* X3-2 Reset Input

Digital Output (max 45V)

X5-1, 2 Positive power supply voltage
X5-3 Output to the load (GPIO0_27)
X5-4 Load GND

X12-1, 2 | Positive power supply voltage
X12-3 Output to the load (GPIO0_26)
X12-4 Load GND

X13-1, 2 | Positive power supply voltage
X13-3 Output to the load (GPIO1_17)
X15 X16 L7 X13-4 Load GND

X14-1, 2 | Positive power supply voltage
X14-3 Output to the load (GPIO2_1)
X14-4 Load GND

Digital Input (max 24V)

X11

X4

X8-1 Input VCC (GP101_12)
CAPE-COML1 is compatible only X8-2 Input GND
with Beaglebone Black. It is not X9-1 Input VCC (GP101_13)
recommended to use it with any X9-2 Input GND
other version of Beaglebone. X10-1 Input VCC (GPIO1_14)
CAPE-COM1 must be powered X10-2 Input GND
from its input for correct work. X11-1 Input VCC (GPIO1_15)
X11-2 Input GND
RS485
X4-1 GND
X4-2 485TX/RX-
CAPE-COM!1 fulfills Xa-3 | A8STX/RX+
the RoHS Directive GPIOl_.28 = high enable the 485
) transmitter
reqwrements. RS232
X15 RS232 Port 1 (Clamp)
X15-1 TXD
X15-2 RXD
X15-3,4 | GND
For support please contact: support@qcape.de 16 RS232 Port 1 (SubD9)
X17 RS232 Port 2
Subject to change without notice MA_gCAPE-COM1.pdf Revision: 1.0.5
Rights reserved by ginno GmbH Last Update 02-05-17

Page 7 of 18


mailto:support@qcape.de

gCAPE-COM1 for Beaglebone Black ! nnO

5. Definitions / Prerequisites

5.1 Supported Beaglebone revisions

All functions described below were executed with Beaglebone Black in Rev C.
Functionality cannot be guaranteed for other versions of the Beaglebone

5.2 Supported Linux distribution versions

All functions described below were executed with the following Linux distribution version:

e bone-debian-8.7-Ixqt-4gh-armhf-2017-03-19-4gb.img
Available under http://beagleboard.org/latest-images
abbreviated as Debian-Image in the following text

Functionality cannot be guaranteed for other Linux distribution versions.

Please follow the instructions in the internet for flashing the Linux versions onto the Beaglebone.
http://beagleboard.org/getting-started#update

This is not described within this user manual.

5.3 Development host requirements

Standard PC or Notebook with a recent Debian or Ubuntu version.
Please follow the recommendations of the various Beaglebone information pages in the Web.
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6. First steps with the qCAPE-COM1

6.1 Typographic conventions

The following typographic conventions are used in the following text:
Commands with a blue background, as shown below, are executed on a Linux development host:

ginno@ubul20404vbox:~$ nmap -p 22 192.168.2.140-190

Commands with a green background have to be executed on the Beaglebone command line. Log into

the Beaglebone via ssh (described later in this text), in order to execute these commands:
root@beaglebone:~/13 dg3 _dev_si/trunk/qinno_capel/dtb# cat /sys/devices/bone_cape-
mgr.8/slots

Note: For initial tests, Windows users might use the Windows tool putty as a replacement for ssh,

and WinSCP as a replacement for the Linux tool scp.

For development work it is recommended to have a Linux installation on the development host,

probably in a virtual machine.

6.2 Board ID configuration DIP-Switch

2 DIP-Switches configure the Capes board ID.

Recommended setting: Switch both switches to the ON position.

Different settings might be necessary, if multiple Capes are stacked on top of each other. In this case,
all modules have to be configured to different board IDs.
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6.3 Apply Power

Apply power (+12V to +48V) to the Power input terminal of the Cape. The Cape generates the regu-
lated 5V power to supply the Beaglebone and potentially other Capes. Pin1/2 = (+12V to +48V),
Pin3/4=GND

As soon, as power is applied, You will recognize by the blue LEDs, that the Beaglebone starts operat-
ing.

6.4 Determine IP-Address of Beaglebone

If the Beaglebone is attached to an Ethernet network with a DHCP-Server (this is the case in most
company and household networks), the server will automatically assign an IP-address to the Beagle-
bone.

In order to find out, which IP-address the DHCP-Server has assigned, You can either ask Your system
administrator to look into the logfile of the DHCP-Server, or You can simply search for it, using the
Linux tool nmap. Beaglebone has a running ssh server, which is running on Port 22. This responsive-
ness can be detected with nmap:

nmap -p 22 [ip address range]
For example:
nmap -p 22 192.168.2.1-255

It will respond with all IP addresses found in the specified subnet, for example:

ginno@ubul20404vbox:~$% nmap -p 22 192.168.2.140-190
Starting Nmap 5.21 ( http://nmap.org ) at 2014-04-30 ©8:17 CEST
Nmap scan report for 192.168.2.153

Host is up (0.0012s latency).

PORT STATE SERVICE

22/tcp open ssh

Nmap scan report for 192.168.2.154

Host is up (0.00079s latency).

PORT STATE SERVICE

22/tcp open ssh

Nmap scan report for 192.168.2.165

Host is up (0.00084s latency).

PORT STATE SERVICE

22/tcp open ssh
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One of the IP-Addresses shown above, will be the IP-address of the Beaglebone.

Which one, can only be determined by try and error. Run nmap with the Beaglebone connected to
the network. Then run nmap again without connected Beaglebone. Compare the two outputs, the
missing IP is most likely the IP of the Beaglebone.

Execute the following command for the IP address.
ssh root@[ip address]

If You find the IP address of the Beaglebone, it will allow You to login.
Username will be root, and no password:

Debian GNU/Linux 7

BeagleBoard.org Debian Image 2015-11-12

Support/FAQ: http://elinux.org/Beagleboard:BeagleBoneBlack Debian
Default username:password is [debian:temppwd]

Last login: Thu Nov 12 19:01:02 2015 from 192.168.7.1

root@beaglebone:~$

Please remember the IP-Address for all described commands below, and replace the IP-Address used
in the examples by the IP-address of Your target.

It is also possible to connect the Beaglebone to the pc over Ethernet-over-USB, see https://beagle-
board.org/getting-started#step2 for the drivers to install. Your IP address will then be 192.168.7.1
and the Beaglebone’s 192.168.7.2.
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6.5 Configure Beaglebone for the gCAPE-COM1

Every Beaglebone Cape must be supplied with an EEPROM. The format of this EEPROM is standard-
ized for all Beaglebone Capes. It provides information about the features and capabilities of this
Cape, and some other logistical information, for example the serial number.

WARNING: The qCAPE-COML1 is delivered with a properly configured Cape EEPROM.
Please do NOT override the contents of this EEPROM. This will make Your Cape un-
usable.

In order to make the Cape known to the Beaglebone, a so-called DTB (Device Tree Blob) has to be
loaded into the Kernel. This DTB-File describes the Cape-HW, and ensures that appropriate Kernel
drivers are loaded for the Cape.

This requires the following steps:
Step 1: Copy debian package to target file system

Copy the debian package qcape_COM1_[version].deb to the Beaglebone, for example via scp:
../qCape-COM1$ scp qcape COM1 2.0.0.deb

Install the package on the beaglebone with:

root@beaglebone:~# dpkg -i qcape_coml_2.0.0.deb

Selecting previously unselected package qcape-coml.

(Reading database ... 59130 files and directories currently installed.)
Unpacking qcape-coml (from qcape_coml_2.0.0.deb) ...

Setting up gcape-coml (2.0.0) ...

root@beaglebone: ~#

Check if the following files exists in /lib/firmware:

root@beaglebone:~# 1ls -1 /lib/firmware/ | grep BB

-rw-r--r-- 1 root root 1613 Sep 3 23:48 BB-QINNOCAPE1-00A0.dtbo
-rw-r--r-- 1 root root 1880 Sep 3 23:48 BB-QINNOCAPE1-00A0.dts
root@beaglebone: ~#

If not, something went wrong with the installation of the debian package.
Step 2: Tell the Kernel to load the DTB file

File uEnv.txt configures the Kernel command line of the Beaglebone. Default uEnv.txt has to be modi-
fied, in order to load the DTB for qCAPE-COM1, and in order to prevent the virtual Cape for HDMI to
be loaded (Pins used by the gCAPE-COM1 conflict with the HDMI pins).

e Open file “/boot/uEnv.txt” with a text editor and add the following lines to the file

cape_disable=capemgr.disable_partno=BB-BONELT-HDMI,BB-BONELT-HDMIN
cape_enable=capemgr.enable_partno=BB-QINNOCAPE1
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e Manually Load DTB File:

Note: Depending on the kernel and distribution version, Cape firmware might be automati-
cally loaded by the uEnv.txt configuration, as described above. Unfortunately, in some kernel
versions for the Beaglebone this does not work, and the firmware has to be loaded manually.

Execute the following command on the Beaglebone (with newer versions of BBB it can be
bone_capemgr.9)

# echo BB-QINNOCAPE1l > /sys/devices/bone_capemgr.8/slots

If an error occurs restart the Beaglebone and enter the command again.
It is recommended to add this command to the start script, which starts the user application.

Step 4: Verify correct loading of qCAPE-COM1

Cape manager shows all cape DTBs loaded, with the following command:

# cat /sys/devices/bone_capemgr.8/slots

1: 55:PF---

2: 56:PF---

3: 57:PF---

4: ff:P-0-L Bone-LT-eMMC-2G,00A0,Texas Instrument,BB-BONE-EMMC-2G
5: ff:P-0-- Bone-Black-HDMI,©@0A0,Texas Instrument,BB-BONELT-HDMI
6: ff:P-0-- Bone-Black-HDMIN,@0AQ,Texas Instrument,BB-BONELT-HDMIN
7: ff:P-0-L Override Board Name,©0A0,0Override Manuf,BB-QINNOCAPE1l

If the BB-QINNOCAPE1 appears in this list, the previous steps were successfully.
If it does not appear in the list, You will not be able to use any of the features of this cape.
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6.6 Serial Interfaces

0 CAPE-COML1 provides 3 serial interfaces, 2 x RS232, and 1 x RS485. Together with the onboard serial
debug port of the Beaglebone, there are 4 serial interfaces in total.

This can be visualized with the following command:

root@beaglebone:~# 1ls -1 /dev/ttyO*

crw-rw---- 1 root tty 249, @ Jan 1 15:48 /dev/tty0@

crw-rw---- 1 root dialout 249, 1 Jan 1 15:49 /dev/ttyO1
crw-rw---- 1 root dialout 249, 4 Jan 1 15:49 /dev/tty04
crw-rw---- 1 root dialout 249, 5 Jan 1 15:49 /dev/ttyO05

Relation between Linux device node and physical connectors:

Device _Connector Si _Location / Remark
/dev/ttyO0 Pinrow on Bea- Logic Debug connector on Beagle-bone. Not accessible, if
glebone Level any Cape is attached
/dev/ttyO1 X4 RS485 qCAPE-COM1
/dev/tty04 X17 RS232 qCAPE-COM1
Port 2
/dev/ttyO5 X16 or X15 RS232 gCAPE-COM1
Port1

SW usage of serial ports: These serial ports are supported by the serial driver of the Beaglebone.
Standard Linux tools, like stty or minicom, can be used on these ports.

For programming under C, C++, the standard serial driver functions read(), write(), and ioctl() can be
used.

6.6.1 Testing the RS232 interfaces

Connect both RS232 interfaces using a DE9 female-female D-Sub cable.

mm_\

rhuutﬁh

Then start listening to /dev/ttyO4 running the following command:
# cat /dev/tty04
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Open a second terminal, log in to the Beaglebone and start sending messages from /dev/ttyO5.
# echo “test” > /dev/tty05

The messages should appear in the terminal listening to /dev/ttyO4. To ensure that the serial connec-
tion is running bidirectional, you can listen to /dev/ttyO5 and send messages from /dev/ttyO4.

6.7 Testing the RS485 interface

Connect the RS485 interface to the computer using an USB to RS485 converter (e.g. this one:
http://www.lindy.de/USB-RS485-Konverter.htm?websale8=1d0101&pi=42845).

Be sure that the three pins are connected correctly to the adapter. For the adapter named above the
connection is visualized in the following picture:

°q
|

=1 o 98 R 1! LA
wad i i
"'_' R

& RX- S [EXO S B
ol\ = ¢ Kot ¥ ; y
p RX+
go
o
& o GND

Turn on the three DIP-Switches in order to activate the termination resistors.

Then open a serial terminal (e.g. Tera Term) listening to the serial port. Make sure, that you set the
baud rate correctly. You can find out the baud rate by running
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# stty -F /dev/ttyO1

on the beaglebone.
Set GPIO_1-28 to “high” (see chapter 6.8) in order to make transmitting possible (gpionr = 60).
Then send messages from the beaglebone to the computer using the following command:

# echo “Test” > /dev/ttyO1l

The messages should now appear in the serial listener.
After that, change to receiving mode by setting GPIO_1-28 to “low” (see chapter 6.8). Listen to in-
coming messages:

# cat /dev/tty0O1l

Send messages from the computer to the beaglebone by writing into the serial console (Tera Term).
They should now appear in the beaglebone’s command line.

6.8 GPIOs

CAPE-COML1 provides 4 Digital Inputs and 4 Digital Outputs.
Status of each input and output is visualized by an accompanying LED.
All Beaglebone GPIOs can be accessed from Linux command line via the /sys filesystem. Examples of
using this are located in the gpio scripts in the root directory after installation of debian package.
Controlling GP-Outputs from the Linux command line (Replace [gpionr] with the number of the table
below):

Make the GPIO visible in /sys file system and configure it as an output

# echo [gpionr] > /sys/class/gpio/export
# echo out > /sys/class/gpio/gpio[gpionr]/direction

Set valueto 1
# echo 1 > /sys/class/gpio/gpio[gpionr]/value
Set valueto 0

# echo @ > /sys/class/gpio/gpio[gpionr]/value

Reading GP-Input from the Linux command line (Replace [gpionr] with the number of the table be-
low):
Make the GPIO visible in /sys file system and configure it as an input

# echo [gpionr] > /sys/class/gpio/export
# echo in > /sys/class/gpio/gpio[gpionr]/direction

Read Value (will return 0 or 1)
# cat /sys/class/gpio/gpio[gpionr]/value

Relations between Connectors and Beaglebone GPIO numbers:

X5 Output GPIOO_27 27

X12 Output GPIOO_26 26

X13 Output GPIO1_17 49
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X14 Output GPI02_1 65
X8 Input GPIO1_12 44
X9 Input GPIO1_13 45
X10 Input GPIO1_14 46
X11 Input GPIO1_15 47

Accessing GPIO from application coded in C/C++:
GPIOs can be accessed from application code by reading and writing the /sys files, as described
above. There are various example programs and libraries available on the Internet.

Using scripts for testing:
After installing debian package, there are three scripts located in the root directory. Use gpio_init.sh
for initializing the GPIOs, gpio_out.sh for testing outputs and gpio_in.sh for testing inputs.

6.9 12C-Devices

Beaglebone has 2 12C-Busses, which are routed to the ¢ CAPE-COM1.
Bus 0 is used for internal devices, as well as for the Cape EEPROM.

Warning: Never touch 12C bus 0 in your applications. This may lead to a nun-func-
tional system.

Bus 1 contains the user devices.
Beaglebone Kernel provides the 12C-Dev driver, which provides access to the 12C-Bus from the user
space. You can use the i2c-tools (i2cdetect, i2cdump, ...) on these devices.

Example: Detection of all I2C-Devices on Bus 1:

root@beaglebone:~# i2cdetect -r -a 1

WARNING! This program can confuse your I2C bus, cause data loss and worse!
I will probe file /dev/i2c-1 using read byte commands.

I will probe address range 0x00-0x7f.

Continue? [Y/n] y

©123456789abcde-ef

00: -- -- -- -- - —- oo oo e- o- em om o- o- o o

L T T T

P T T

e[ TSRS S S S R e

AER oo oo oo oo oo co ce oo AF) oo oo ce oo oo oo cc
50: 50 51 -- -- UU UU UU UU -- == == == == —= - --
B2 o oo oo =5 2o =0 c= == (G == == c= co oo oo oo

TE =0 =5 oo =5 =0 mo c= == =5 co co co co oo oo oo

root@beaglebone: ~#

The following table shows this information in a human readable format:

12C-Address Device Remark

0x68 RealtimeClock DS1338Z
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0x50,0x51 EEPROM 24LC1026
0x48 Temperature sensor LM77 See chapter LM77 below

6.10 LM77 Temperature sensor

BSP contains a demo program for reading temperatures from the LM77 temperature sensor. You can
use the binary for a quick functionality check, and you are free to use the provided source code for
integration in own applications.

At first, you have to set the binary executable. Change in the root directory and run
root@beaglebone:~# chmod +x 1m77_test

Execute program on Beaglebone, it is installed in the /root directory after installing debian package.

Get Help:
root@beaglebone:~# ./1m77_test -?
./1m77_test: invalid option -- '?'

usage: 1Im77_test -i [i2c_fname] -y [temp] -1 [temp] -h [temp] -c [temp]
-1 i2c_dev i2c device file. Default /dev/i2c-@ or /dev/i2c/@

-y temp Write hysteresis register

-c temp Write critical temp register

-1 temp Write low register

-h temp Write high register

Read temperatures:
root@beaglebone:~# ./1m77_test -i /dev/i2c-1
TEMP: 36.5C T_HYST_REG: 2.0C T_CRIT_REG: 2.0C T_HIGH_REG: 2.0C T_LOW_REG: 2.0
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