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Introduction

One of the most common ways that manufacturers test their microcontroller boards is to use a
philosophy and test apparatus provided by the designer of the board. Most of the same apparatus
as used in the product surrounds and exercises the board in much the same manner as the product
would. While this successfully tests the board, there is a far superior way to implement a test
solution that will result in a much lower total cost of ownership and yield an overall improved
testing strategy.
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9 Set up and take down of the apparatus will likely be difficult;

9 The test procedure will often require significant operator interaction and interpretation,
introducing human error;

I Operators may require technical skills raising pay grade;

I Test times will be lengthy;

9 Failure diagnostics will be related to product functions, not necessarily board functions, and
thus reduce repair efficiency.

This paper outlines a strategy for testing a microcontroller board that can be implemented at
modest cost with limited knowledge of the actual product. This test approach is ideally suited to the
manufacturing environment, as it requires limited operator skill and provides a very high assurance
that passing boards are good. It also provides superior diagnostics for faulty boards and can be
easily set up and taken down. Finally, the product engineer does not have to be the principle
developer and is free to actually do product development.

Overview
The test strategy is based on a couple of simple ideas:

I The microcontroller board will be tested as an electronic assembly;
A dialog with the microcontroller will be used as the core of the test.

Because the board is being tested as a stand-alone assembly and not as a subassembly of a product,
detailed knowledge of how the product functions is not necessary. The focus will be on assuring
that the electronic assembly is functional, not that it functions well as a part of the product.
Essentially, we are validating neither the design of the board nor its software. Instead, we are
interested in verifying that the microcontroller board is properly built with good parts.
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Flash. For purposes of this test, a dedicated program (test firmware) will be loaded.
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The firmware will enable a communications dialog with the tester. The dialog consists of a series of
tester setups followed by a command to the microcontroller to respond to this stimulus and finally a
verification of the response. An example of one step in this dialog would consist of a few mini-steps:

9 The tester sets up a voltage stimslon one of the input channels.
9 It then tells the micro to measure the value and report it to the tester.
1  When the micro reports the value, the tester verifies that it is proper.

This approach is repeated until each circuit of the controller board is verified for proper
performance. All controller board output channels are verified that they can drive into loads
determined by the characteristics of the drive circuitry. All input channels are tested with signals
detectable by their circuits. While knowledge of product specifications eases the definition of the
test parameters, this knowledge is not necessary.

After successfully passing the manufacturing test, the product firmware will be loaded and verified.
This also means the product firmware is separated from the manufacturing process, which means it
can be more easily updated and changed, and intellectual property can be more tightly controlled.

An Example Project

One of the best ways to illustrate the use of this strategy for testing microcontroller boards is through
the use of a typical example. Recently, Intrinsic Quality was engaged to develop a dedicated tester for a
controller board based on a PIC 18F258 microcontroller. This project will serve well as the example of
this approach.

The microcontroller board consisted of several circuit elements:

5 and 24 Volt power input required
PIC 18F258 microcontroller

RS422 communications interface
Stepper motor driver IC

1 Discrete input, 1 discrete out

PIC controlled serial DAC output
Color specific status LEDs
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A Dedicated Tester

Intrinsic Quality LLC markets a tester that is
designed for the test of small microcontroller
boards. This tester, known as the BarnOwl, was
selected as the platform to be used to provide the
automated solution. The BarnOwl is itself
powered by a microcontroller. Itincludes a
vacuum fluorescent display, a strip printer,
multiple DIO and A/D channels. To complete this
project the tester would require customization
based upon the test requirements.
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Software

The test program that runs on the BarnOwl is written in BASIC. The BASIC is written, edited and
compiled on a PC and downloaded to the tester via a serial link. The PC has a debug utility that allows
the programmer to run and debug the test program from his PC. Once the final version of the program
is completed the PCis removed and the tester runs in stand-alone mode.

The BarnOwl test program must be complemented by software that runs on the micro of the DUT. In
the case of our example this software was developed in a PIC software development environment. The
PIC program is written in conjunction with the test program so that the microcontroller responds to the
dialog as expected. Once this program is written and compiled it must be downloaded to the DUT Flash.

Flashing Test Firmware

-

:(r"
% ( J )

This compiled program (test firmware) can be X e
loaded into DUT Flash with a Flash :
Programmer. For this project we selected the AN
FlashRunner from SMH Technologies. It has
the ability to store multiple programs for
multiple micros and load a selected program
under direction of a command received on its
serial port.

Test Requirements

Power Up
One of the requirements dictated by the stepper motor driver was that the input power supplies be
properly sequenced at power up. The BarnOwl is equipped with internal DUT supplies but these
generally are turned on as a set. In addition the BarnOwl does not have a 24V internal supply. A 24 Volt
supply was added and two tester DIO pins were used to enable FET channels to feed the respective DC
voltage with proper timing under test program control.

Serial Com

The BarnOwl has multiple RS232 ports. To test the RS422 Serial channel on the DUT, a MAX-488 232 to
422 converter was added. This serial channel would be used to establish the dialog. In fact, once power
up is achieved and verified, establishing serial communications becomes the first test of the DUT.
Messages are sent and answered assuring bidirectional communication.

Discretes

Once communication is verified, a command to the micro to continuously read and report the state of
the digital input is issued and the input is toggled high and low while the micro output is interrogated.
Then the direction is changed and the digital output is verified.
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DAC Output
Next, commands to the micro to send a set of serial strings to the DAC are issued. In each case the
voltage output of the DAC is verified.

Motor Drive Outputs

The motor drive outputs are tested with a motor connected. The tester tells the micro to step the
motor and measures the voltage values on the motor leads. Then a series of commands to step the
motor forward and back are issued while motor shaft rotation is verified with a shaft encoder.

LED verification

Finally the BarnOwl is equipped with a
LED color verification unit provided by
FEASA. This unit measures the RGB and
intensity values of each of the LEDs. The
dialog concept is again used to command
the micro to actuate each of the LEDs.

The LED light is fed to the FEASA unit by
means of a series of light pipes. (Here
seen passing through brass tubes.)

Production Firmware

The final requirement is to leave the DUT
loaded with production firmware. Again
the FlashRunner is used and the product
firmware is both loaded and verified
under test program control.

By the end of the test all of the electrical circuits
have been tested. The test operator has had little
responsibility other than to properly load and
unload the board onto the test fixture. When a
failure occurs, a diagnostic fail ticket is printed
that relates to the electrical circuit, not product
functionality. This aids in repair by both reducing
the time spent analyzing the problem and
suggesting a more likely correct repair action.
Tester portability and storage are greatly
enhanced. Set up and take down of the tester can
be quickly accomplished with no special expertise.
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Conclusion

By adopting a philosophy of using the board@ own microcontroller as a test resource and
communicating with it in a dialog, the test development task is greatly reduced.

The example project has focused on a Microchip PIC microcontroller, but the same approach can be
successfully used with a variety of processors. The ability to create and load a custom set of test
firmware is fundamental to the process. This firmware allows communications through some channel
whether it be a legitimate com channel or simple a digital I/0 pin on the micro.

For many microcontroller boards this simple test approach can yield a comprehensive test, superior
diagnostics and usability while keeping costs moderate.

Today many companies still re-construct most of a complete machine to test an assembly that is part of

it, believing that the only way to test a PCB is to get it to do what it would do in normal operation. But

this approach in fact creates significant downstream costs and usually leads to increased test times. For
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comprehensive test; far superior diagnostics and usability while reducing costs.
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