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1 Overview

The Oak Micros om328p device is an integrated noimndroller based on the Atmel ATmega328p. A
key design feature of the om328p is that the ATrB28p is packaged on a compact carrier board that
is socketable using a 28-pin DIL style package itts spaced 0.1” apart. This pin spacing alloves th
device to be used on breadboards and in othetiblruapplications. Here is a feature summary of the
om328p device:

22 1/0 pins in a socketable, breadboard-friendhgl standard 600 mil DIL format.

Mini-USB receptacle for downloading application eaghd for host PC serial communications
using industry-standard FTDI USB UART.

Transmit and receive monitor LEDs for host commatians.

Self-powered mode from USB port eliminates requeetrfor external power.

Red power monitor LED

5V power regulator with 600mA capacity for standred use.

Red and green active low and yellow active high g&r LED monitors.

I°C and SPI bus support using breadboard-friendlypif@.

Pre-loaded Oak Micros or Arduino bootloader aveatgirement for an AVR programmer.

The Oak Micros download software can be used t@teiprogram and EEPROM downloads from the
Windows host PC using a USB mini-B cable betweendivice and the host PC. One advantage of the
Oak Micros devices is that the download can béateitl from the host PC without requiring any
intervention from the user such as jumpering I/@spiThis also makes it easy to update the softimare
place or apply field upgrades. A similar downloadility is available with the Arduino IDE when

using the Arduino bootloader.

The Oak Micros software install package includes éxample programs. The first is a hello world
style application that flashes the built-in LEDslahe second shows how to use the timer and RAM
capabilities of the om328p device. The source ¢odidly commented and is easy to follow even for a
novice. The software package also includes theyad source code for the bootstrap loader in case
that is needed to rebuild or re-program the device.

Chapter 2 describes the USB device driver instaliand configuration on the host PC. Chapters 3
and 4 describe how to install the support softWareour chosen bootloader; either Oak Micros or
Arduino. Chapters 5 and 6 explain how to use theceeéhardware in detail and the function of each of
the 28 pins on the device. Chapter 7 explains thie [dicros software package including the download
GUI, command line download utility, and examplegreoms. Chapter 8 describes the Arduino I/O pin
mapping and the demo application shipped with theag that has an Arduino bootloader. Appendix
A shows the schematic for the device and appendirdribes the internals of the Oak Micros
bootstrap loader.
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2 Installing the USB Device Driver

The USB port is used for serial communicationg®host PC and downloading applications. Before
the device can be used with the USB port, the RGshas to be configured with the correct device
drivers. Note that although it is possible to usedevice with a PC serial port as explained iticec
5.4, it is most likely to be used with a USB cortigt

2.1 Selecting a Host Device Driver

The device uses the FT232R USB chip from FTDl.dlation guides for the FTDI FT232R drivers
are available for several operating systentgtat//www.ftdichip.com/Documents/InstallGuides.htm

Prior to version 2.0, FTDI had two separate dediteers for the FT232R chip. The Virtual Comm
Port (VCP) driver provided a serial COM port theasimilar to a hardware serial port while the D2XX
driver provided a DLL interface. Recently, FTDIrnmtluced a new driver that combines both of these
sets of capabilities into a single driver called @ombined Driver Module (CDM). If you already have
other FTDI-based USB devices on your system thapat the FT232R you should upgrade to the
CDM driver by removing the old driver and instatjithe new CDM driver.

The FT232R drivers are available directly from FEDhttp://www.ftdichip.com/Drivers/VCP.htm
Be sure to download the drivers for the FT232R cethat matches your version of Windows. As of
current writing, the driver version is 2.0.4.

For the purposes of this section it is assumedttieaETDI device driver ZIP file is unpacked inkeet
root of the “C” drive. This creates a directory reathiC:\CDM 2.04.16 WHQL Certified” that contains
the FTDI device drivers. Configuration of the US&vite driver consists of the following three steps
that need to be performed while logged on as aniAdimator:

Installing the USB Device Driver
Installing the Serial Port Driver
Configuring the Serial Port

2.2 Installing the USB Device Driver

To install the FTDI USB device driver on the ho&t, Phe Oak Micros device needs to be powered on
and connected to the host PC. Use a USB mini-Becabkhown below to connect the device to the
host PC.
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The cable can only be connected one way aroundhetdevice USB mini-B receptacle as shown in
the picture below.

After plugging the cable into the device, you S
should see the red power LED lit. After some o'
exchanges with the host PC, the green and red &, «
yellow LEDs will flash alternately which shows |
that the demo application is executing and the re
USB transmit LED is flashed for every message
sent to the host PC. You may see popup messag
in the Windows notification area that indicates ne
hardware has been found nan@ak Micros
om328p.

L ]

" E il il
. - J l L A !
» Lt s U 1T T11 A

To install the host PC device drivers, follow |Found New Hardware Wizard
the 12 steps described below. The
accompanying screen shots give an exampl
of what you should see.

Welcome to the Found New
Hardware Wizard

Windows will search for cument and updated software by
looking on your computer, on the hardware installation CD, aron
the Windows Update Web site (with your permission).

1. As shown on the right it is possible
that the “Found New Hardware
Wizard” will be displayed offering
to connect to Windows Update to
search for the driver. This option
should be declined by selecting
“No, not this time”, and then click
the Next button.

Can Windows connect to Windows Update to search for
software?

(O Yes, this time only
(O Yes.now and every time | connect a device
() No, nat this time

Click Mest to continue.

Cancel

2. On the next dialog, select “Install froni Found New Hardware Wizard

a list or specific location.” and click
'.
Thig wizard helps you install software for:

Next button. Note the device name
Cak Micros om328p

“Oak Micros om328p” is shown on th
dialog.

Z:') i your hardware came with an installation CD
S orfloppy disk. insert it now.
What do you want the wizard to do?

() Install the software automatically (Recommended)
(%) Install from a list or specific location (Advanced)

Click Meod to continue.

< Back ” Mext > ][ Cancel
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3. On the next dialog, select “Search for| Found New Hardware Wizard
the best driver in these locations.”, Please choose your search and installation options. .

uncheck “Search removeable media”,
and check “Include this location in the
search.” Then, click the Browse

@' Search for the best driver in these locations.

Use the check boxes below to limit or expand the default search, which includes local

button and navigate to the directory paths and removable media. The best driver found will be installed.

where the CDM drivers were extracte (1] Search removable media floppy. CD-ROM..)

from the arCh|Ve C“Ck the Next [¥]Include this location in the search:

button C\CDM 2.04.16 WHGL Certfied ”

() Don't search. | will choose the driverto install.

Choose this option to select the device driver from a list. Windows does not guarantee that
the driver you choose will be the best match for your hardware.

< Back ][ Nea > ][ Cancel

4. Windows will now install the FTDI
USB device driver and then present a

dialog indicating that the process has DO ﬁg’r"d';’:‘;trg'g‘t;grz"“"d New
completed. Click the Finish button. &S

The wizard has finished installing the software for:

g USB Serial Converter

Click Finish to close the wizard.

2.3 Installing the Serial Port Driver

The preceding sequence is repeated; this timendballing the COM port associated with the device.
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5. As before decline the Windows Found Mew Hardware Wizard
Update search option by selecting
“No, not this time”, and then click
the Next button.

Welcome to the Found New
Hardware Wizard
Windows will search for cument and updated software by

looking on your computer, on the hardware installation CD, oron
e Web site fwith your permission).

Can Windows connect to Windows Update to search for
software?

(O Yes. this time only
() Yes, now and every time | connect a device
(O Mo, nat this time

Click Mest to continue.

Cancel

6. On the next dialog, select “Install from
a list or specific location.” and click
Next button as shown on the right.
Note the device name “USB Serial
Port” is shown on the dialog.

7. As before on the next dialog, select
“Search for the best driver in these
locations.”, uncheck “Search
removeable media”, and check
“Include this location in the search.”
Then, click the Browse button and
navigate to the directory where the
CDM drivers were extracted from the
archive. Click the Next button.
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8. Windows will now install the USB
Serial Port and then present a dialog
indicating that the process has
completed. Click the Finish button.

2.4 Configuring the Serial Port

The serial port is now installed and needs to digored using the Windows Control Panel. Note that
each installed serial port will need to be confegliseparately.

9. In the Windows Control Panel, choose the
System icon and then select the “Hardware”
tab as shown on the right. Press the “Device
Manager” button to open the Device Manager
dialog.
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10. The Device Manager lists all of the devices in
the system. If the FTDI device drivers have
been installed correctly you should see the
“USB Serial Converter” device driver and one
or more “USB Serial Ports”. The screen shot
on the right shows a single COM4 serial port.

Each Oak Micros device has a unique
identifier that will cause Windows to assign
a unique serial port to it. This is useful when
you need to connect more than one device
to the host PC at the same time.

The serial port name (COMXx) is important and
must be selected in the Oak Micros
downloader or Arduino IDE communication
with the device.

The next step is to modify the USB serial port
properties. Right click on the serial port to
display the context menu and click on the
“Properties” item.

11. Select the “Port Settings” tab and change the
“Bits per second” to 115200. This sets the
maximum baud rate for the COM port.
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12. Click on the
“Advanced” button
and make sure that the
“Receive” and
“Transmit” transfer
sizes are 4096 bytes.
The “Latency Timer”
must be changed from
16 msec to 2 msec for
correct operation of
the device. A higher
latency timer can
cause problems when
trying to download
application code to the
device.

The FTDI serial port device driver has now beemailtesd and configured. To test you can start the
appropriate GUI (Oak Micros downloader or ArduilXEl), select the serial port just installed, and
observe output from the device on the serial pansole.

You can proceed now to either Installing Oak MicBmdtware in chapter 3 or Installing the Arduino
IDE in chapter 4.
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3 Installing Oak Micros Software

The software to support the om328p with the Oakrdidootloader is available in a Windows
self-extracting install program named ominstall-@2@. After downloading from the Oak Micros
website fittp://oakmicros.con)/ use the run command, double-click on the exéteitar a Windows
command line to start the installer. The first soref the installer is shown below.

After agreeing to the license, select an insta#aory, and click oistartto install the software. The
final screen of the installer is shown below.
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The software installer creates a set of shortioussprogram menu group nam@ak Micros Click on
theDownloadermenu item to start the Oak Micros download utilBglow is a screen shot of the
Windows download utility.

The download utility queries the operating systentlffie list of valid serial ports. Assuming that no
other application is using the serial port, it peoed using the default speed of 115,200 baudki@jc
the Serial Port Consoléab should display the output from the pre-loadeho program similar to the
screen shot below.

AVR programs and EEPROM data are downloaded toévece using th®ownloadertab. Click on
the Browse button next to the flash field and @ dilalog is displayed showing the current directufry
the downloader application. This directory showdtain the Intel Hex files for the helloworld
example and the xram example. Selectxitaenom328p.hefile and clickOpen The filename is listed
in the text field and thBownload Nowbutton is available. Press the button and the ¢ttmdshould
start. Here is a screen capture part way througldhvnload:
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Notice that thédownload Nowbutton has changed tdsaop Downloadutton that can be useful to
stop longer downloads. The progress indicator shbaisthe download of 3836 bytes is halfway
complete. When the download is complete, the apiptin automatically swaps to tiserial Port
Consoletab to show the output from the application. Heréhe console output from the extended
RAM example:

At this point you can re-download the Hello Worlkdaenple (helloworldom328p.hex) or start
downloading your own code. Chapter 7 has more Idatanow to use the Oak Micros GUI and
command line download utilities.
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4 Installing the Arduino IDE

If the device has an Arduino bootloader then it barused with the Arduino IDE. Early versions df th
IDE did not support the ATmega328p. The om328pliees tested with build 015 or greater. You can
download the Arduino IDE frorhttp://arduino.cc/en/Main/Software

The om328p with Arduino bootloader is compatiblévthe mega328p version of the Arduino
Duemilanove. For downloading you can choose thegmilanove w/ ATmega32Board.
Alternatively you can add an om328p specific badetinition to the boards.txt file. The definition
below is based on the one for tHauemilanove w/ ATmega32&ut with a few changes.

om328p.name=0ak Micros om328p - Arduino Compatible

om328p.upload.protocol=stk500
om328p.upload.maximum_size=30720
om328p.upload.speed=57600

om328p.bootloader.low_fuses=0xF7
om328p.bootloader.high_fuses=0xDA
om328p.bootloader.extended_fuses=0x05
om328p.bootloader.path=atmega
om328p.bootloader.tile=ATmegaBOOT_168 om328p.hex
om328p.bootloader.unlock_bits=0x3F
om328p.bootloader.lock _bits=0x0F

om328p.build.mcu=atmega328
om328p.build.f_cpu=16000000
om328p.build.core=Arduino

Next time you start the Arduino IDE you will see@w board listed calleddak Micros om328p -
Arduino Compatiblé

A softcopy of the changes for the board.txt filav&ilable in the Oak Micros software download for
Arduino support.

4.1 Arduino Bootloader

The om328p is preloaded with the standard Arduistridution bootloader named
“ATmegaBOOT_168_om328p.hex”. The low fuse was ad€bdF7 rather than the standard OXFF so
that the board has better stability in noisy envinents i.e. uses the full swing crystal support.

See section 5.7 if you want to reprogram the dewitie the Arduino bootloader.
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5 Using the Hardware

This chapter describes how to use the hardwarartsaof the device. Below is an annotated pictéire o
the device.

LED for
5v regulator Power Yellow 1/0O
(max 600ma) Port LED
ATmega328p
with boot loader
Receptacie FTDI USE
UART with Red and Green
TX/RX LEDs

Port I/0O LEDs

Crystal

5.1 Microcontroller

The om328p uses an Atmel AVR ATmega328p microcdietrol he electrical specification of the
device is same as the underlying AVR microcontrolRRather than reproducing them here the reader
is directed to the datasheet published by AtmegyTdan be obtained from the Atmel website
http://www.atmel.conor from the Oak Micros websitetp://oakmicros.com

The flash memory of the device is programmed will®24 byte Oak Micros bootloader that can be
used to download applications from a host PC withequiring an AVR programmer. Alternatively
the device can be supplied with the 2048 byte Ardiiootloader. The device has up to 2K bytes of
RAM and 1K bytes of on chip EEPROM.

As a default the device uses a 14.7456 MHz crystadhe Oak Micros bootloader. This frequency
provides zero timing errors when used for seriahwmnications up to 230,400 baud. Optionally the
device can be provided with other frequency crgsaald in particular a 16 MHz crystal is used far th
Arduino bootloader to maintain compatibility withet Arduino platform.

The om328p PCB is silk-screened with “om328p” namé “v0904” YYMM version number. A
white dot on the ATmega328p chip is used to indiche om328p device.

5.2 Power

There are three ways to power the device and thpawer monitor LED is lit when power is applied
to the device.
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The simplest method of powering the device is toneat a USB cable from a PC to the USB mini-B
receptacle on the device. It is recommended tpaigered USB hub is used if the device is plugged
into a circuit that requires more than 100mA arat the maximum current is limited to 250mA. The
device uses approximately 30mA of this capacityhwit the pins in the input state. A low voltage
drop schottky diode is used to protect the USB fsorh an external supply. Depending on the current
used, the supply voltage using USB power is betwe@BV and 4.85V. Note that the USB port only
provides up to 100mA until the USB negotiationasnplete. If your external circuit requires more
than 100mA it may not work correctly and you shouse one of the other power options described
below.

It is also possible to apply a voltage source ¢fvben 6.3 and 18 VIN GND vCC
Volts DC to pins 27 and 28 where pin 27 is grousdi@picted in the
picture to the right. This DC voltage source cambeinregulated AC
adapter (wall wart) or a battery such a 9V celle DBim-board filter
capacitors and regulator convert the input voltaggV. This 5V
output is also available on pin 25. The on-boagiil&or has limited
capacity for heat dissipation so the input voltagd current should
not be too high; a range of 7 to 10 Volts is pmef@with a maximum current of 250mA. It is also
recommended that a large capacitor (100uF) witwaHSR is connected between this pin and ground
to ensure that the input voltage does not sag b&l8% during a load transient.

For stand-alone use, most users will benefit frawgring the devices from an externally regulated
source between 3.6V and 5V. The output of thereateegulator can also be used to power additional
external circuitry up to the capacity of the regota Depending on the power dissipated by the
regulator, it may need to be mounted on a heattsipkevent it from getting too hot. The schematic
below shows an example of connecting an extermgallagor. This schematic was created using
CadSoft EAGLE [ittp://cadsoft.dg/and a library of parts that can be downloadethftbe Oak Micros
website.

Connection to External Regulator
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If the device is powered from the internal or ateexal regulator then plugging in the USB cable
provides an additional power source. The charatiesiof the interaction between these two power
sources are as follows:

If the regulator voltage is greater than the outmitage from the USB schottky diode then the
regulator voltage “wins”. The diode protects theBJ$rt.

If the regulator voltage is less than the outputage from the USB schottky diode then the
USB power “wins”. If you are deliberately usingaaver voltage for the device and its
associated circuitry then connecting the USB calilleunintentionally increase the supply
voltage and may cause damage to the associatedtrgird o avoid this situation you can either
remove the device before connecting the USB cablse an alternative means of downloading
code using a RS232 serial port as described isgbion 5.4.

5.3 Analog to Digital Conversion

The device includes nine ADC inputs, eight of whaeh available on the device pins. The ninth ADC
input (ADCS) is the internal temperature sensansi23 and 24 (ADC6 and ADC7) can only be used
for ADC input and remaining pins (17-22) can bedufse ADC input or as an output pin.

The device ADC reference voltage (AREF) and anatwtage supply (AVcc) are tied directly to the
supply voltage of the device available on pin 2% RDC input voltage should not exceed this voltage
and a simple resistor divider can be used to “sda¥en” the voltage. Note that when the device is
driven only from USB power, the ADC reference vgéiacan be as low as 4.65V and not 5V as
expected.

5.4 Serial Communications

The integrated USB UART chip (FT232R) provides @ase€ommunication connection to a host PC
for downloading applications, and transmitting aackiving data on serial channel 1. Simply install
the FTDI device drivers and connect the host PthédJSB mini-B receptacle on the device. The
device may reset itself several times during US#ailization with the host PC. This is unavoidable
and it is best to include a 1 second delay befote gipplication code performs any work. The red
transmit and green receive LEDs are lit when dateansmitted on the USB cable.

If you disconnect and then reconnect the USB céibabeay be necessary to close and reopen the serial
port on the host PC.

The serial communication signals are also availahlpins 1 to 4 of the device. Note that unlike the
“e” series of Oak Micros devices, these signalsTare level (5V) and not inverted RS232 levelsslt i
possible to connect a RS232 level converter chipealevice as shown in the partial schematic below
These RS232 levels can be used to connect to &kbst other device that requires RS232 levels.
While there are many ways to perform the necessatgige translation and inversion, the best method
is to use a MAX202 or compatible transceiver tres built-in ESD protection.

A straight-thru RS232 cable is the best one towlsere none of the wires are crossed i.e. pin 2 is
connected to pin 2, pin 3 to pin 3 etc. Sometirhesis called a DTE/DCE cable. It has a female plug
on one end that plugs into the host PC and a niadeqm the other that plugs into a female socket.
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Connection to RS232 Serial Port

The DTR connection to pin 3 of the device is ordgded for automated downloading. You may wish
to add a jumper in that line so that it may be alisected for “normal” operation. Some operating
systems, notably Windows XP, toggle the DTR lin@ §of the DB-9) on the serial ports during boot
up. This will cause the device to reset on evesitp@-going transition of the DTR line.

5.5 Reset

The device is reset by grounding pin 26 as pictinsdw. A switch to ground the Reset pin is
sometimes useful, particularly during debuggingsetstart the application.

If the reset switch is also connected to otherreslecircuitry, you may wish to isolate the devioam
the remaining circuitry so that the on-board refeds occur during downloading are not also applied
to the external devices. A simple isolation cit@mploying a small signal diode such as a 1N914 or
1N4148 is shown below. You can also implement alaisn circuit using a discrete transistor or an
open-collector gate.

RST

Reset Signal Isolation

5.6 12C Communications Bus

The hardware’C bus (SDA/SCL) is available on pins 21 and 22hefdevice. The Oak Micros device
does not include the necessary pull up resistarE@communications on these two I/O pins.
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5.7 SPI Communications Bus

The SPI bus (MOSI, MISO, and SCK) is available on pins 14, 15, antithé device. The active high
yellow LED is also on the SCK line. The default chip select {$8h pin 13 of the device. The Oak
Micros device does not include the necessary pull up resistthe SS pin.

5.8 Using an ISP Programmer

The schematic below shows how to connect an ISP programrtier device. This is not normally
needed unless you want to reprogram the device. Reprogrgrtimidevice using an ISP programmer
can render the Oak Micros or Arduino bootloader inoperable.

Connections for ISP Programming

Note that you will need either flying spider leads or a carvéroard to use a standard 6-pin or 10-pin
AVR ISP programming socket. Alternatively you can simplyreast to the external pins of the device
as shown below.

GND RST vVC( SCK MISO

MOSI
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6 Device Pin Configuration

The device has 28 male pins, numbered 1 through 28 in a st&@famil DIL configuration. Pin 1 is
at the bottom left of the annotated photograph and is alstated by a silk-screened number 1 on the
bottom of the circuit board.

ADC7 Port C Port B
VIN GND RST VC(Q ADC6||c5 C4 Cc.3C2 C.1 C.dB.5 B.4

TX RX ATNGND|| D.2 D.3 D4 D5 D.6 D.4|B.0O B.1 B.2 B.3
Port D Port B

Below is the schematic part for the device.
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The following table describes the function of each pin. Seedscriptions below and the Atmel
documentation for more information.

This is the output pin for the USART. It will only tolezad voltage swing from 0V
to 5V and should only be connected to a serial device thathaseinverted TTL
levels for serial communications. This pin is connecteddd-tfDl USB UART.
The pin can also be connected to pin 2 of a DB-9F serial camneshg a RS232

This is the input pin for the USART. It will only toleraevoltage swing from OV
to 5V and should only be connected to a serial device thahosesiverted TTL
levels for serial communications. This pin is connecteddd-tfDI USB UART. A
current limiting resistor of up to 100 Ohms may need to be taspbtect the input
on the external device. The pin can also be connected to pia BBfOF serial
connector using a RS232 level converter.

This input is used for signaling the device to enterdbwnload mode and will
only tolerate a voltage swing from OV to 5V. If you don’t needdwnload, no
connection is required but you may wish to ground this pitinarete the
possibility of spurious resets caused by electrical noisis.din is connected to the
FTDI USB UART and can also be connected to pin 4 of a DB-9H senaector
using a RS232 level converter.

Note that some operating systems (particularly Windowst&ii) to toggle the
DTR serial port line, to which this input is normally conndctturing the booting
process. Every positive transition on this input will cabsedevice to reset.

This is the ground connection for the serial pattiscommon with pin 27. This
pin is connected to the FTDI USB UART and can also be connexfad 5 of a
DB-9F serial connector.

In addition to being a general input or output pin, rasigay be applied to this
pin to serve as external interrupt O.

In addition to being a general input or output pin, rasigay be applied to this
pin to serve as external interrupt 1. As a second alternats/pih can be used as
the output compare and PWM output B for Timer/Counter2.

In addition to being a general input or output pin, r@asigay be applied to this
pin to serve as the clock source for USART in synchronous .iada second
alternative this pin can be used as the clock source for Timer

In addition to being a general input or output pin,gimsan be used as the clock
source for Timer 1.

In addition to being a general input or output pin,dgimsan be used as the analog
comparator positive input.

Pin Name Description
1 TX
level converter.
2 RX
3 ATN
4 Ground
5 PD2
6 PD3
7 PD4
8 PD5
9 PD6
10 PD7

In addition to being a general input or output pis,fd can be used as the analog
comparator negative input.
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Pin

11

12

13

14

15

16

17

18

19

20

21

22

23
24
25

Name
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Description

PBO

PB1

PB2

PB3

PB4

PB5

PCO

PC1

PC2

PC3

PC4

PC5

ADC6
ADC7
VCC

In addition to being a general input or output pirgraasimay be applied to this
pin to serve as the input capture for the Timer/Counterl.

In addition to being a general input or output pis,dhi can be used as the output
compare and PWM output A for Timer/Counterl and drives ttieedow green
LED.

In addition to being a general input or output pis,dhi can be used as the active
low chip select for a SPI device. As a second alternativepithisan be used as the
output compare and PWM output B for Timer/Counterl.

In addition to being a general input or output pis,ithihe output pin for the SPI
master out, slave in (MOSI) and drives the active low red L&<a second
alternative this pin can be used as the output compare and &WNput for
Timer/Counter2.

In addition to being a general input or output pis,ithithe input pin for the SPI
master in, slave out (MISO).

In addition to being a general input or output pis,ithihe output pin for the SPI
clock (SCK) and drives the active high yellow LED.

In addition to being a general input or output pis,dim can be used for an analog
input to the analog-to-digital converter.

In addition to being a general input or output pis,dim can be used for an analog
input to the analog-to-digital converter.

In addition to being a general input or output pis,dim can be used for an analog
input to the analog-to-digital converter.

In addition to being a general input or output pis,dim can be used for an analog
input to the analog-to-digital converter.

In addition to being a general input or output pis,dim can be used for an analog
input to the analog-to-digital converter. As a second ates, this pin serves as
the SDA line for I2C.

In addition to being a general input or output pis,dim can be used for an analog
input to the analog-to-digital converter. As a second alterrthis pin serves as the
SCL line for 12C.

This pin can only be used for an analog input to talgHo-digital converter.
This pin can only be used for an analog input to thlgso-digital converter.

If the on-board regulator is being used (power bieidgo pin 28) this pin will
output a regulated voltage of about +5 volts. The capacityeodn-board
regulator or USB is approximately 600mA but it is recommdridekeep the
current below 250mA. About 30mA of this capacity is used bythboard
devices with all pins in the input state. If any of the pins atputs, the source
current of each output pin must be added to this usage. Thmedalbthe
regulator’s capacity may be used by external circuitry.
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Pin Name Description

26  Reset You may apply an active low signal to this pin &t teg processor. Note,
however, that the on-board reset circuitry will also pul time low via an open
collector output each time the ATN input makes a positivesitian (notably
during downloading). If you don’t want your external ciropipb receive this reset
signal, you must isolate the on-board reset from externa&eteusing a diode, a
transistor or an open collector gate (see section 5.5).

27 Ground This pin, common with pin 4, serves as the grouackrefe for the power supply
and all I/0 pins.

28 VIN To use the on-board regulator, you may supply an ulatgl voltage source from
6.3 to 18 volts DC to this pin. The power supply must be capablgpplying at
least 750mA. See the description of pin 25 for more informathmut the on-
board regulator and the limitations of using it. It is recomaeel that a large
capacitor (100uF) with a low ESR is connected between thiamu ground to
ensure that the input voltage does not sag below 6.3V duroagaransient
response.

Additional Notes:

Each of the 18 output pins (5-22) can source 20mA or sink 4@&in¥cc=5V). However, the total
source current and the total sink current for all pins magxoged 200mA.

The red and green port I/O LEDs use 13mA via a shared resibtyellow port I/O LED has a larger
resistor and uses 6mA. The TX/RX monitor LEDs use 6mA via a&dhasistor and the power
monitor LED uses 3mA.

All of the 22 1/0O pins (1-2, 5-24) have protection diodes bniltlf the signals that you connect to
these pins go above V+ or below ground, you must include & semiant limiting resistor to keep the
pin current below 20mA. A typical value for the resistor migiatL00 to 470 Ohms. For example a 470
Ohm resistor allows a maximum excursion above V+ or belowngtrof 9.4V.
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7 Using the Oak Micros Software

The Oak Micros software package for the om328p includesdrafihical and command line user
interface download utilities, example code, and the sourtteet®ak Micros bootloader.

7.1 GUI Download Utility

The GUI download utility is nameaimloader.exeind can be executed from a Windows shortcut,
Windows explorer or command line. The executable is ingtalléhebin subdirectory of the Oak
Micros install directory that defaults ta\@rogram files\Oak MicrosWhen the GUI Download Utility
is first executed a Window appears similar to the screernbshmiv:

There are five main areas to this window:
Status message area at the bottom of the window
Serial port selection, configuration, and manipulation etop of the window
Downloademotebook tab
Serial Port Consol@otebook tab
Optionsnotebook tab

The status message area displays either informationahgessi black or numbered error messages in
red. The complete list of messages is listed in section 7.3.

Serial Port Selection

The serial port selection area allows you to choose thé pertdor download. Only available ports
are listed. The check to see if the serial port is in use is netwutil the actual download is requested.
If another application is using the serial port then you lshdose that application or choose a
different serial port.

The baud rate selection is used for both downloading arcapiph and for the serial console to allow
monitoring of an application. The valid range of baud raterm 9600 to 115200. ThHeeset Device
button can be used at any time to reset the device using the@iil line.
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TheClose Portbutton allows you to close the monitoring port. When closedbthton changes to an
Open Portbutton. The baud rate and open/close port buttons are laideai serial port monitoring is
turned off. The screen shot below shows these disabled IsoMNaidice the informational message
about COM4 being closed.

If the port is closed with the serial port console enabled, ttiee contents of th®erial Port Console

tab are disabled to prevent input and do not show any moretaurtiil the port is opened again. In the
screen shot below, the serial port was closed when the hélibgx@mple showed a time of 4 seconds
and was re-opened again approximately 10 seconds laterthberlloworld example showed a time
of 14 seconds.

Downloader Notebook Tab

TheDownloadernotebook tab is used to define the flash and/or EEPROM dildswnload and to
initiate the download. ThBrowsebutton is used to display a file selection dialog to choséex
flash or EEPROM file to download. Note that this file dialoty@ilows you to select files that exist
and are of type hex or eep. The flash and EEPROM fields areitadiledPressing cancel on the field
browse dialog, empties the corresponding file field so thdileis downloaded. Emptying both the
flash and EEPROM file names in this way causes the Download tddoecome inactive.

Test mode can be used to test the download without actuaiiywaaicating with the device. Test
mode does not verify that the port can be opened but doeg theriflash and EEPROM files and
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simulates a download. Note that checKirggt Modealisables the manual reset mode andRbset
Devicebutton as these operations do not make sense in test mode.

Pressing th®ownload Now'button initiates a download to the device. Here is a scre¢uregyart
way through the download:

Notice that thédownload Nowbutton has changed td&saop Downloadutton that can be useful to
stop downloads. The progress indicator shows that the dadofi3836 bytes is almost complete.
When the download is complete, the application automatisalaps to th&erial Port Consoléab to
show the output from the application. There is an option, itbestkater to turn off this automatic
switching to the serial port console.

TheManual reset initiates downloadode is used to disable the host PC sending a reset signajhtthro
the DTR line. This can be used for example when your seriakction does not support DTR. In this
mode the host PC waits up to 10 seconds for a device reset.INdheaalevice reset in this case is
done externally by say pushing the reset button/switchemted to the device. On the next page is a
screen shot of a download in progress waiting for the maesel of the device.
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The Query Device button is used to display the name of theejexgrsion of the boot loader and the
device lock bits in the status message area. Below is somelexamput:

Serial Port Console Notebook Tab

The serial port console can be used to monitor the serial soioations of any device connected to a
serial port on the PC providing it uses no parity and 8 dagaTiie serial port console is provided as a
convenience option to display the output from the devideowitneeding to use a separate application.
The serial port console tab is unavailable if serial porsal@nmonitoring option is turned off.

By default the characters from the device are colored gre®nser input is colored dark red. There is
an option to turn off the coloring of text. Here is an examplb®f&erial port console from a test
application that verifies in turn each 1/O pin of the deviceteNhe slower baud rate of the test
program shown by both the baud rate selection list and theriafional message.
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Note that after a processor reset, the serial port consoleangain a >’ symbol which is the result of
the device trying to initiate a download sequence. If theecbresponse is not received within 100ms,
then the Oak Micros boot loader starts the user applicattormBre details see Appendix B.

Options Notebook Tab

TheOptionsnotebook tab is used to define options for the downloadgy.ui screen shot of the
Optionstab is shown below:

The Colorizecheckbox is used to colorize the serial port output greemisgrdnput as dark red. All
input and output is shown as black text if this option is tofé

TheView Port Console after Downloamption is used to automatically display the Serial Port Glens
notebook tab after a download has completed so that theapragrtput can be viewed. Because there
is a slight lag between finishing the download and re-oethi@ serial port to monitor the output, it is
beneficial to have a slight delay at the beginning of yougnara to make sure all the console output is
displayed. Th&/iew Port Console after Downloaption is ignored when in test mode.

TheClear Serial Port Consoleption is used to simply clear the serial port console winalter each
download so that previous serial port input and output i®vechthus avoiding any confusion. This
option is ignored in download test mode.

TheReset deviception is used to automatically reset the device wheneaiad gort is opened.
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The Use Serial Port Console checkbox is used to display ethedSerial Port Console tab, disable
other related other options and buttons and closes theEmtias shown below.

Downloader Utility Configuration Data

The user’s choices are automatically saved when the Dodearadility is closed and restored the next
time the Downloader utility is started. The following talisl the configuration items saved and
restored together with their default value.

Serial port Lowest numbered port (e.g. COM1)
Baud rate 115200

Serial port is open or closed Open (if available)

Test Mode Off

Manual reset initiates download Off

Current file directory Same directory as Downloader
Flash file name None

EEPROM file name None

Serial Port Console On

Colorize input and output On

View Port Console after Download On

Clear Serial Port Console Off

Reset device when opening Serial Port Off

Loader major version 2

Loader minor version 0

In case of any difficulty, deleting the entries in the Windaegistry can reset the configuration data.
The path of the data in the registry is “HKEY_CURRENT_USERWare\Oak Micros\omloader”.
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7.2 Command Line Download Utility
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The command line download utility is named omload.exe. THig/@hares many of the same
facilities with the GUI downloader described in the presisaction. The differences are that the
command line utility does not have a serial port console aes dot save options between
invocations. On the other hand the command line downloaty aliles have a facility to test that the
DTR line is connected correctly and to download updatestbdbt loader.

The usage statement of omload.exe, which can be displayegd-isin--help, is shown below:

Downloader v2.0 - Copyright (C) 2007, 2008, 2009 Oak Micros
| --atn ] toggles ATN line as a test
b<n> | --baudrate=n] baudrate for download , default is 115200
-c<n> | --comport=n] uses given serial por t, defaultis 1

--eeprom=file ] specifies the eeprom
--flash=file ] specifies the flash h

[-a
[-
[-
[
[
[-
[-
[
[
[
[
[

hex file to download
ex file to download

-h | --help ] display this usage me ssage
-| | --listports ] lists the available s erial ports
-m | --manual] use manual device res et not DTR automated one
-q | --querydevice ] query the device - no download
-s | --silent] silent mode - no cons ole output
-t | --test] test mode - do not se nd any data to device
-u | --update] update the Oak Micros bootloader
parameters:
flash is optional filename of AVR flash program in Intel Hex format
eeprom is optional filename of eeprom contents in Intel Hex format
examples:
omload -ac2 hello.hex
omload -t --comport=2 --eeprom=hello.eep --flas h=hello.hex

The order of the [flash] and [eeprom] command line parasmetemportant and the [flash] filename
must be specified before the [eeprom] one. If you need togustldad EEPROM data then the
--eeprom option can be used instead. Here is a very simpigéxaf using the command line
download utility:

D:\Program Files\Oak Micros\bin>omload helloworldom 328p.hex
Downloader v2.0 - Copyright (C) 2007, 2008, 2009 Oa k Micros

Starting Oak Micros Downloader.

Downloading 2384 bytes of flash to COM1

Flash | #H#HHHHH T HHHH#H#### | 100% 0.61s
Download completed successfully.

The -b or --baudrate option is used to specify the baudaatiwnload. For the boot loaders with
version of 1.2 or greater (shipped after 1 May 2008), the taddeaud rate is in the range from
9,600 to 115,200 with a default of 115,200. The boot loader atitobzaud rate detection facility
ensures the correct download speed. Boot loaders beforenvérd use a fixed 115,200 baud.

The -c or --comport option is used to specify the numbédreogérial port to use. To list the available
comports, use the -l or --listports option.
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The options to specify the manual download mode (-m --nipand test mode (-t --test) have the
same function as described for the Windows downloadetyutili

The -q or --querydevice option is used to query the dedogerand boot loader version. The device
lock bits are also displayed for boot loaders with versiorod dteater. Here is some sample output:

Downloader v2.0 - Copyright (C) 2007, 2008, 2009 Oa k Micros

om328p device reports bootloader version 2.0 and lo ck bits Oxec

The -s or --silent option is used to stop all console odtpw download. A non-zero return code
indicates that an error occurred.

The -u or --update option is used to perform an update dfabeloader. It can be used with boot
loaders provided by Oak Micros. If you choose to modify the lm@mler yourself then there is no
guarantee that the update will work and you need to be pcefmal@ad a new boot loader into flash
using a programmer. See “Self-Updating Feature of the Bautdrd on page 42 for more details.

The -a or --atn option is used to enter the DTR (ATN) testapatiich ensures that the device
correctly responds to a reset request on the DTR RS232 liadil&@ hame for the flash or EEPROM
to download is not required for this option. Here is a sampten@nd line session using the ATN test
mode followed by a download:

C:\Program Files\Oak Micros\bin>omload -a helloworl dom328p.hex
Downloader v2.0 - Copyright (C) 2007, 2008, 2009 Oa k Micros

Starting Oak Micros Downloader.
ATN Test Mode
The DTR line will be toggled each time you press En ter.
Type 'q' or 'd' and press Enter to Quit or to Downl oad the file(s) to device.

The voltage on pin 3 should now be -3 to -12 volts.

The voltage on
pin 3 should now be +3 to +12 volts.

The voltage on pin 3 should now be -3 to -12 volts.

The voltage on pin 3 should now be +3 to +12 volts.

d

Finished toggling DTR line.

Downloading 2384 bytes of flash to COM1

Flash | #H#HHHHHHHHHHHHHHHH HHHH#H### | 100% 0.61s
Download completed successfully.

7.3 Error Messages

This section gives the list of possible error messages &urd des from the download utilities.
Some return codes share the same message.
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General Errors

E001:
E002:
E003:
E004:
E005:
E006:
E007:

Invalid combination of options. Use --help to
Need to specify a flash or eeprom file for do
Cannot open flash file for reading.

Cannot open eeprom file for reading.
Connected device is not supported by this dow
Update of bootloader is not supported by this
The EEPROM data does not fit into the device.

Errors in the Hex Flash or EEPROM File

E100:
E101:
E102:
E103:
E104:

Errors with the Serial Port or Data Transmission

E200:
E201:
E202:
E203:
E204:
E205:
E206:

Invalid data or format in Flash or EEPROM fil
Invalid data or format in Flash or EEPROM fil
Invalid data or format in Flash or EEPROM fil
Invalid data or format in Flash or EEPROM fil
Invalid data or format in Flash or EEPROM fil

Cannot open serial port. Check port name and
Cannot communicate with the microcontroller.
Communication broken with the microcontroller
Unexpected response on serial port. Check you
Unable to send data on serial port. Check you
Specified baud rate must be between 9600 and
There are no valid serial ports to communicat

Errors with actual Download

E300:
E301:
E302:
E303:
E304:

7.4

Exceeded retry limit for download. Check your
Flash program tried to overwrite bootloader.
Download stopped before completion. Flash or
Device lock bits prevent updating of applicat
Device lock bits prevent updating of bootload

Example Programs
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get help.
wnloading.

nload utility.
device.

®©OoO00

verify not in use.

Check power and baud rate.
. Check your connection.

r connection.

r connection.

115200.

e with the device.

connection and device.
Flash may be corrupted.
EEPROM may be corrupted.
ion.

er.

Two example programs are provided in the Oak Micros softpackage. These examples are well
commented and show how to utilize some of the features ohiB2&p device and Atmel
ATmega328p microcontroller. The source code to the exangppesvided “as is” under a BSD
license.

By default the makefile for the examples specifies the AEHh2g§ MCU. This can be overridden by
setting the MCU environment variable (case is importarifyéaequired AVR e.g.

or

set MCU=atmega644p
set MCU=atmega328p

The CPU clock frequency defaults to 14.7456 MHz but can beiderrusing the standard F_CPU
environment variable. The communication baud rate in thepbess depends on the CPU clock
frequency and defaults to 115,200 baud for clocks that ardtglmof 1.8432 MHz and 19,200 baud
for clocks that are a multiple of 4.0 MHz.
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7.4.1 Common Definitions and Functions

The Oak Micros specific fileemdevice.landomdevice.diles in theomdevicesubdirectory provide
some common device definitions, types and functions thabearsed for Oak Micros devices. Three
functions are provided:

void omGetDevice(char *buffer) Returns the name of the Kdigkos device in the specified
buffer. The buffer needs to be at least 10 bytes long. For the
om328p device the string returned is “om328p”.

void omGetVersion(char *buffer) Returns the version ef@ak Micros bootloader using V.R.M
notation in the specified buffer where V is the version, Ras th
release and M is the modification level. The buffer needs &t be
least 6 bytes long. For the current version of the bootloduer, t
string returned is “2.0".

uint8_t omHasExtendedRAM(void) Returns a Boolean valuebyte to indicate if the extended
RAM is available for the device.

7.4.2 Hello World Example

This example program is a "Hello World" style applicatiod anpre-loaded into all new devices from
Oak Micros. This example prints messages to USARTO and fiabbd EDs. This example illustrates
how to access the device name and version strings in the @atsNdootloader using the
omGetDevice and omGetVersion functions described inaectd.1. A partial real-time clock (RTC)
is implemented that counts seconds and is used for the tefeg do turn the LEDs on and off.

Here is some sample output from this example program:

Hello World. I'm an Oak Micros om328p....
....running bootloader version 2.0 at time 2

Hello World. I'm an Oak Micros om328p....
....running bootloader version 2.0 at time 4

Hello World. I'm an Oak Micros om328p....
....running bootloader version 2.0 at time 6

For simplicity in printing output to the host PC, stdout isrdef using the standard avr-libc
FDEV_SETUP_STREAM macro (ségtp://www.nongnu.org/avr-libc/user-
manual/group__avr__stdio.hfinAlso the printf format strings are retrieved from flash rmagnusing
printf_P and PSTRh{tp://www.nongnu.org/avr-libc/user-manual/pgmspacelit

The source code and GCC Makefile for this example can be fauhdsrc\examples\helloworld
subdirectory of the main install directory of the Oak Micsofware.

7.4.3 XRAM Example

This example program illustrates how to use the extended Bdilable with the om128 and how to
move the stack and data in memory using the GCC compiler. hdtalthough this example can be
used with the om328p, the function for accessing extended RAMt used.
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After finding out how much RAM is available, the example co@dasuares the performance of writing
and reading from the processor RAM and the extended RAM, wizdialale.

The green LED is used to indicate writing to chip RAM. Both LBDsneans an error has occurred.
Both LEDs off means the test is waiting to run again. Withauettiended RAM the LED sequence is
as follows:

Green on for just over a second

Both off for 3 seconds and then starts over

and sample output without extended RAM:

Heap created with 1728 bytes.

R/W of 1728 bytes with 18 clocks per R/W takes 3110 8 clocks
....matches estimated time.

Freeing heap

It is instructive to read the source code of this examplectthhee the overheads for the loop counter
andtimer compare matchnterrupt service routine (ISR) is eliminated to get arcegaunt of the
number of clock cycles needed to write and read RAM. Thesbeads are compiler version
dependent and the program constants for these overhead®ethio be adjusted.

The source code and GCC Makefile for this example can be fauhdsrc\examples\xram
subdirectory of the main install directory of the Oak Micsofware.

Version 1.0.2 November 21, 2009 Page 35 of 44



Oak Micros om328p User Guedand Reference
8 Using the Arduino IDE

The om328p with Arduino bootloader can be used with the AcIDE to download and execute
sketches on the om328p. The om328p is compatible with offrmeda328p based Arduino devices.

8.1 Pin mapping

The table and diagram below shows the mapping between tipgnB@n the om328p and the standard
pins defined by Arduino platform (shown in blue).

Arduino Name Pin Number I/O Name Arduino Name Pin Number I/O Name
DO (RX) 2 Port D bit 0 D11 14 Port B bit 3
D1 (TX) 1 Port D bit 1 D12 15 Port B bit 4

D2 5 Port D bit 2 D13 16 Port B bit 5
D3 6 Port D bit 3 AO 17 Port C bit 0
D4 7 Port D bit 4 Al 18 Port C bit 1
D5 8 Port D bit 5 A2 19 Port C bit 2
D6 9 Port D bit 6 A3 20 Port C bit 3
D7 10 Port D bit 7 A4 21 Port C bit 4
D8 11 Port B bit 0 A5 22 Port C bit 5
D9 12 Port B bit 1 A6 23 ADC6

D10 13 Port B bit 2 A7 24 ADC7

Analog Pin Digital Pin

VINGND RSTVCQ A7 A6 A5 A4 A3 A2 Al A0 ||D13D12

D1 DO ATN GND D2 D3 D4 D5 D6 D7 D8 D9 D10 D1

Digital Pin Digital Pin
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The table below and diagram on the previous page shows tiengdetween the auxiliary pins on
the om328p and the standard pins defined by Arduino platform

Arduino Name Pin Number Arduino Name Pin Number
5V 25 GND 4 and 27
Reset 26 Vin 28

8.2 Arduino Compatibility

The om328p with the Arduino bootloader is designed to beyaceenpact device that is software and
hardware compatible with the Arduino platform. The om328p45 x 0.7” (36mm x 18mm) and can
be used in a standard 28-pin socket and is breadboardakdeisBeaf this compressed size there are a
few differences compared with the Arduino Duemilanove willmega328:

No DC in socket is provided. This is consistent with the sathketformat of the om328p.
No reset button but one is not needed for the automated dmsnsoipported by the om328p.
No ISP programming header is provided but is also not rejuiith the Arduino bootloader.

The Atmel recommended circuitry to reduce noise for analaligital conversions is
incorporated into the om328p. No separate AREF pin is pra\add it is tied to Vcc (5V).

The device cannot be used with Arduino shields.

The om328p also provides additional active low green antE€s$ on PB1 and PB3 respectively
for compatibility with other Oak Micros devices.

8.3 Example Sketch

The om328p with Arduino bootloader is shipped with an Ardwgiketch that displays a “hello world”
style message on the Arduino console and flashes the red, gneleyellow LEDs. The source code
for the sketch is listed below and is also included in the 8m32duino software package that can be
downloaded from the Oak Micros website.

/*
* Helloworld demo program for the Oak Micros om328 p
*

* Blinks the 3 LEDs and prints out a hello world m essage
*

* Written by Mike Perks
* Copyright Oak Micros 2009
*

*/

int greenLED = 9; /I green LED connected to digital pin 9
int redLED = 11; /I red LED connected to digital pin 11
int  yellowLED = 13; /I yellow LED connected to digital pin 13

void setup ()

/I begin the serial communication
Serial . begin (9600);

/I set the LED digital pins as output
pinMode ( greenLED , OUTPUT;
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pinMode (redLED, OUTPUT;,
pinMode ( yellowLED , OUTPUT;,

/[ turn off all LEDs

digitalWrite (greenLED, HIGH); /I active low LED
digitalWrite (redLED, HIGH); /I active low LED
digitalWrite (yellowLED , LOW /I active high LED

}
}/0id loop ()

/[ waits for a 0.5 seconds

delay (500);

/I turns on only red LED and prints a message

digitalWrite (redLED, LOW,

Serial . printin  ( "Hello World. I'm an Oak Micros om328p..." );
digitalWrite (greenLED, HIGH);

digitalWrite (yellowLED , LOW,

/I waits for a 1.5 seconds
delay (1500);

/I turns on only green and yellow LEDs and prints a message
digitalWrite (redLED, HIGH);
Serial . println  ("...running as an Arduino compatible” );

digitalWrite (greenLED, LOW,
digitalWrite (yellowLED , HIGH);

}

The console output for the Helloworld sketch is shown below:

Hello World. I'm an Oak Micros om328p...
...running as an Arduino compatible
Hello World. I'm an Oak Micros om328p...
...running as an Arduino compatible
Hello World. I'm an Oak Micros om328p...
...running as an Arduino compatible
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9 Getting Support

Support for the om328p device is provided by Oak Micros orsadffort basis through forums on our
website (seéttp://oakmicros.com You can also send an emailsigoport@oakmicros.cam

Note that the source code to the examples and bootloadewridaat “as is” and Oak Micros cannot
support your own changes to this code. Nevertheless sugge&ir enhancements will be gratefully
received and may be incorporated into a future release.

Support for the Arduino bootloader and Arduino IDE are mrediby the Arduino forum:
http://www.arduino.cc/cgi-bin/yabb2/YaBB.pAny om328p specific questions can submitted to the
Oak Micros forums or support email address.

Please send email to the same address above if you requimereecmal support license and/or source
code to the Oak Micros download utilities described in grctiof this manual.
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Appendix A: Schematic

For reference purposes the diagram below shows the schdandtie Oak Micros om328p device.
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Appendix B: Oak Micros Bootstrap Loader

A bootstrap loader (or bootloader) is pre-installed wittheshipped Oak Micros device. The loader
makes it more convenient to download programs to the AVR IgglenUSB connection is required
and obviates the requirement for a separate AVR programmeefBult the lock bits are configured
so that the flash is locked from prying eyes thus enablindo/ase it as a field upgradeable device.

Of course the device can be used without the Oak Micros matwdotloader and all of its features are
still available. See section 5.8 on page 20 for a descripfibow to use device with an AVR ISP
programmer. Several different pre-compiled bootloadegasare provided for either “upgrading” or

if you decide to later reinstate the Oak Micros bootloader.

Overview of the Bootloader

The bootloader uses a very straightforward protocol to tatinpages of flash and bytes of EEPROM
to be programmed into the device. The host PC or the user yamsakting the device initiates the
download procedure. After this external reset the compteteqol is shown in the diagram below:

Host PC Oak Micros Boot Loader
Send reset on DTR line
Send ‘U’ character for automatic baud rate detectio

Calculate baud rate
Send device prompt (>’)
Send special sequence to signify download is regdes
(@~<)
Send ACK (‘+)

Send command:
‘<’ means application download
‘# means boot loader download

Send device signature, boot loader version number,
lock bits, and ACK

—» Send page number of page or Oxffff to finish
Send page of flash data followed by checksum byte

If not page Oxffff, verify checksum, write flashdn
send ACK

L__ Repeat sending pages until done
Send ACK

> Send EEPROM Address or 0xffff to finish
Send EEPROM value and checksum byte

If not page Oxffff, verify checksum, write EEPROM
and send ACK

—— Repeat sending EEPROM bytes until done
Send ACK and jump to application start (address 0)
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Although ACK (‘+") should be the most common response to temgiests, the other possible response
is a NACK (*-) if there was an error such as the CRC check Wash failed.

The bootloader also makes use of the two LEDs built into thealelhe following patterns may be
seen when the bootloader is executing:

Red on, green flashing 4 times a second - download in progress
Red off, green flashing once a second - no application tondimvaiting for download

Bootloader Source Code

The bootloader source code and a GCC Makefile are providad @ak Micros software package in
theombootsubdirectory of the Oak Micros install directory. This calprovided under a BSD
license.

By default the makefile for the bootloader specifies the Agai28 MCU. This can be overridden by
setting the MCU environment variable (case is importarifyéaequired AVR e.g.

set MCU=atmega644p
set MCU=atmega328p

The bootloader is also compiled with the autobaud detebyiatefault. This can be overridden with a
specific baudrate by setting the BAUDRATE environmentalde (case is important) e.g.

set BAUDRATE=57600

The CPU clock frequency defaults to 14.7456 MHz (147456003dube overridden using the
standard F_CPU environment variable e.g.

set F_CPU=16000000

The boot loader is compiled with avr-gcc 4.3.2 and useslawtl6.5, both of which are packaged in
WInAVR version 20090313 (se#tp://sourceforge.net/projects/winqvr

When linked the .text and .bootdata sections of the code acatedl to high flash addresses for the
device microcontroller. The bootloader is less than 512 sveodh start address of (FLASHEND -
0x3ff) is used.

The fuses and lock bits are programmed as follows:
ATmegal28/om128 ATmega644p/om644p ATmega328p/om328p

EFUSE Oxff Oxfd Oxfd

HFUSE 0xc6 0xd6 Oxd4
LFUSE O0xof Ooxd7 0xd7
Lock Bits Oxec Oxec Oxec

Self-Updating Feature of the Boot Loader

The Oak Micros boot loader has a unique and useful featwam ipdate itself. This is done using the
-u or --update option for the omload.exe command line pnogvhich is described on page 31. This
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self-updating feature allows the user to change the bodedoBor example the LED flashing could be
changed or eliminated.

Note that the om328p as shipped does not have the correbitiiset to allow self-updating of the
bootloader. This is to prevent users without an AVR programnadvertently modifying their
bootloader and having no means to reload it. To use thasdditing feature the fuse bits must first be
modified to set the BLB11 lock bitto a ‘1’ e.g. OXFC.

The self-updating feature is achieved by splitting the lomater into astubof 256 bytes and aariable
part of 768 bytes. The variable part behaves as a normal boot adean call common functions in
the stub such as SendChar(), ReceiveChar(), and WriteFgesiadownload and write application
code into flash. Below is the call sequence and the memoryan#pefATmegal28. For the
ATmega644p, simply ignore the high word in the flash addsgssdtract 0x10000). For the
ATmega328p, simply subtract 0x18000 from the flash addsgsseshould be 7C00, 7C04, 7EFO,
7F00, and 7FFF).

The steps are as follows:
Step 1: A device reset is initiated by the host PC or user and the AWRsethe boot loader.

Step 2: There is a two entry jump table at the beginning the flash ddaefirst entry is a
relative jump into the main routine. The main routine initeed the stack, and starts
the communication protocol with the host PC as outlined ge ga.
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Step 3: When the update boot loader command is sent (‘# for the OakoMboot loader),
the variable part downloads the pages as before but putsriteenRAM buffer the
size of the boot loader (1024 bytes). It then does a jump taabfuction in the
stub named UpdateBootLoader() that reads the RAM buffeoasmvrites the flash
pages for the variable part of the boot loader. The stub isuched. Care has been
taken in the code to cope with address changes for bothdos@nd data in the
variable part of the boot loader.

Step 4: After the update has completed, the stub boot loader doegaquime second entry
in the jump table.

Step 5: This entry contains a relative jump to the boot loader cleand exit routine named
exitBootloader(). This function does cleanup and eithetsstiae application code or
goes into a wait loop to wait for another download (green LD |

The self-updating feature should be used with care as oadm®th loader is corrupted, you will need a
programmer to reload a new boot loader.
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