Element-14 Road Test – Arduino Due
1 Objective

As an “old hand” embedded systems developer with over 25 years experience, I have thought that Arduino sounds a useful hardware platform – but have no interest in learning its rather idiosyncratic software language & environment.

Therefore the object of this Road Test was to investigate using the Arduino Due as plain, ordinary “bare-metal” development board – without any of the Arduino stuff.
2 In the Kit

There is just a small leaflet and a sheet of stickers included in the box. Not even any USB cable (although that’s not necessarily a problem as I’m already getting overrun with USB cables!). I can’t see that a sheet of stickers is going to be a compelling, value-added accessory to a professional developer!

Both the box & the leaflet give the Arduino home page URL, but not a specific address for the Due – although that isn’t hard to find:

http://arduino.cc/en/Main/ArduinoBoardDue 
– overview of the board & its features, with links to Eagle design files, PDF schematic, and Pin Mapping;
http://arduino.cc/en/Guide/ArduinoDue 
– getting started.
3 Arduino Software

Even though the Arduino software was not going to be used, it needs to be downloaded to obtain the USB drivers:
http://arduino.cc/en/Main/Software 

After installing the drivers, the Due’s ‘Programming’ USB port enumerates as a COM port:
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A description of the Arduino build process is available at http://arduino.cc/en/Hacking/BuildProcess and also at http://code.google.com/p/arduino/wiki/BuildProcess – although this was not needed.
4 Atmel Studio 6
I couldn’t get this to recognise my J-Link JTAG probe, so gave up with it.
5 Keil MDK
I download & installed the latest “lite” edition – 4.70a: https://www.keil.com/demo/eval/arm.htm 

The “lite” edition is free for both personal and commercial use. It has a 32K code size limit, and a few other restrictions: https://www.keil.com/demo/limits.asp 
This would also not recognise the J-Link probe. Not only would it not recognise it, µVision would crash and hang so badly that only a restart of the PC could recover it!
So I gave up on the J-Link, and used a Keil µLink-2 instead: http://www.keil.com/ulink2/ 
6 Board documentation

As previously mentioned, no documentation is provided with the board – it is all online:
http://arduino.cc/en/Main/ArduinoBoardDue 
– overview of the board & its features, with links to Eagle design files, PDF schematic, and Pin Mapping;
http://arduino.cc/en/Guide/ArduinoDue 
– getting started.
The documentation is, of course, all written in terms of the Arduino terminology; there is very little reference to the AT91SAM3X8E microcontroller itself.

Documentation for the AT91SAM3X8E microcontroller itself can be downloaded from the Atmel website:

http://www.atmel.com/devices/sam3x8e.aspx 
The first task, then, was to get a complete cross-reference from the Arduino pin names to the AT91SAM3X8E microcontroller pins. This was not particularly easy, as the Arduino schematic seems to have made some effort to make this difficult: with some inconsistent signal naming and, particularly, having some of the headers numbered top-to-bottom, and others numbered bottom-to-top – with no identification on the PCB!

But I got there in the end.

And then I discovered this: nice graphic representation – in the style of the mbed pinout card
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http://forum.arduino.cc/index.php?PHPSESSID=18d9174eaf64a07086f92f4cdd66ccd2&topic=132130.msg993914
It gave a good reference against which to check my own findings.

7 USB-to-Serial Connection

An Atmel ATMega16U2 provides a USB-to-UART connection for Arduino tools to use for software download (the Arduino tools also support using the “native” USB port of the SAM3X8E).
As the object here is not to use the Arduino tools, I wondered if this could be used just as a “plain” USB-to-UART connection. Monitoring at the RX0 & TX0 Arduino pins showed that it could – but it only seemed to work at 2400 or 4800 baud.
There is access to reprogram the ATMega, and its source code is available; so I guess the range of baud rates could be adjusted if required – but I didn’t pursue this.

One thing to note is that, because it’s intended for programming, the ATMega will automatically erase the SAM3X8E flash when a USB connection is started at 2400 baud.

8 JTAG Connection

A standard JTAG debug header is provided for the SAM3X8E. Unfortunately, it is placed too close to the ‘Debug (SWD)’ header to be able to attach the mating connector.

Someone didn’t do their Design Rule Check properly!

My µLink didn’t have a suitable connector for the ‘Debug (SWD)’ header – so, after some careful work with a sharp scalpel, I managed to cut back the ‘Debug (SWD)’ connector to allow the JTAG to fit.
If you choose to follow my example, you do so entirely at your own risk!

The alternative – avoiding the use of sharp tools – would, of course, have been to buy or make a suitable cable or adaptor for the ‘Debug (SWD)’ header.
9 Example Projects
Unsurprisingly, Keil don’t provide any examples specifically for the Arduino Due – it is intended to be used with the Arduino tools, after all!
But there is a ‘Blinky’ example for the Atmel SAM3X-EK board – which uses almost the same chip (a slightly larger variant):
http://www.atmel.com/tools/SAM3X-EK.aspx 
The SAM3X-EK uses the same 12MHz and 32kHz crystals – so the clocking arrangements could stay the same.

The SAM3X-EK example used a GLCD, Serial port, buttons, and ADC – I removed all of these to leave just a simple, single-LED blinking program.
The Keil sample code has a half-baked attempt at a generic LED driver, but still contained some hard-coded port details. Once these were adjusted, the code built, downloaded through the µLink, and ran successfully on the Due target.
I was able to use the µVision/µLink JTAG debugging features in the usual way.
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Having got one a single LED working, I extended the code to blink all three user LEDs (‘TX’, ‘RX’, and ‘L’), and then to loop serial data received from the ATMega back to the ATMega – changing uppercase letters to lowercase and vice-versa.

10 SAM3X8E Peripheral Access
The header pinouts are designed for compatibility with Arduino practice – not for optimum access to the SAM3X8E Peripherals; eg, the SAM3X8E has three USARTs with RTS/CTS hardware flow control but one of these does not have all the signals accessible at all, and the other two do not have them conveniently located for easy use together.

Note that “compatibility with Arduino practice” includes the awkward header spacing which makes it difficult to use all the headers with 0.1” pitch prototyping boards.
11 Conclusion

It is no great task for an experienced embedded developer to get up & running with conventional ‘C’ tools on the Arduino Due platform.

As a bonus, this makes the wide range of Arduino “shields” available in a familiar environment without having to learn the “Arduino Way”.
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