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Abstract

This paper describes the @ncept of a modular test
code developed to reside in Microcontroller Units
(MCUs) with Read-Only Memory (ROM) to make
easier the test bench evaluation of integrated circuit
(IC) prototypes designed at Brazl Semiconductor
Technology Center (BSTC). MCU standard
input/output ports are used to sded independent
operating modes and to transfer data from/to a host-
computer. At test bench, limited instrument resources
and MCU Random-Access Memory (RAM) small size
make it difficult the use of the MCU built-in test mode
for evaluation purposes. As the modular test code does
not depend on the MCU built-in test mode to run, it is
a useful tod for testing internal device modules
functionally during prototype stage. This modular test
code is a complement to the IC test before the
Automatic Test Equipment (ATE) program is ready.

| -INTRODUCTION

Microcontroller Units (MCUs) are devices which
integrate into a single cip Central Processor Unit
(CPU) and several modules suich as RAM, ROM or
another type of non-volatile memory, Seria
Communications Interface (SCI), Analog-to-Digital
(A/D) Converter, Low-Voltage Inhibit (LVI),
Computer Operating Properly (COP), Input/Output
(I/0) Ports, Timer, Clock Generator, etc. Depending
on the MCU type, some of those modules are missng
or more spedfic ones are included. Fig. 1 shows a
generic MCU block diagram.

Motorola MCUs have their built-in test mode alled
Monitor ROM (MON), allowing a complete test of the
devicethrough a standard RS-232 seria interface The
built-in MON receves and exeautes commands from a
host-computer and is able to access any memory

address The MCU can write and exeaute, in built-in
MON, host-computer code in RAM and in
Eledricall y-Eraseable Programmable ROM
(EEPROM) while al its pins (except the seriad
communication pin for built-in MON) retain normal
operating mode functions.

At production sites, most of the Motorola MCUs are
tested through built-in MON, using ATEs. Lots of test
patterns are required which, in some @ses, are very
long (in number of cycles and time). But ATES have
powerful resources like number of channds and
timing generators, memory depth, development and
debuggng tods, etc. Within this environment,
production test program is developed and actua
prototypes are used to debug it.
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Fig. 1 —Generic MCU Block Diagram

At test bench instead, power supgies, signa
generators, oscill oscopes and logic analyzers resources
are limited compared to ATEs for evaluating MCU
prototypes.

Different from MCUs with EEPROM, MCUs with
ROM can not be reprogrammed and, for that reason,
nedl to exeaute some test code in RAM through built -
in MON for testing internal device modules
functionally. As RAM size of MCUs is generaly
small, it is not posgble to implement more amplex
test codes for MCUs with ROM using that approach.

To owercome the limitations described before, a
modular test code was developed to reside in MCUs
with ROM, aiming at the functional evaluation of
devices at test bench during prototype stage.

Il -BASIC CONCEPTS

The modular test code mnsists of code routines
written as modules and integrated into a main



program. Each module defines an operating mode and
is responsible for testing functionally some interna
modules of the MCU under test.

Operating modes run independent from each other in
order to alow the evaluation of as many MCU
modules as possble even if one or more modules have
failures (with the exception of the CPU and ROM
modules). In some @ses, one MCU module is used to
stimulate another one to make the evaluation easier or
faster. Also, some MCU modules are eercised in
more than one operating mode.

Operating mode seledion is done by conneding
spedfic digital input port pins of the MCU under test
tolow or high level before powering-on it.

1l - OPERATING MODES

A smplified flow chart of the modular test code for
MCUswith ROM is iown in Fig. 2.
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Fig. 2 - Modular Test Code Flow Chart

Four operating modes are available: A/D Wait, COP,
BSTC and EMC.

A/D WAIT Mode
This operating mode intends to evaluate the internal

A/D Converter of the MCU under test. By using, a
host-computer, a single byte stating how many

conversions to perform is snt to the MCU through its
SCI. After receving it, the MCU goes to its WAIT
state and starts converting the analog voltage applied
to a spedfic analog input port. When each conversion
is completed, an Interrupt Request (IRQ) is generated
bringing the MCU to its norma state and sending
back the mnverted byte.

While in WAIT dstate, the MCU has its CPU clocks
disabled and peripherals ones dill running, allowing
the A/D Converter to work at a low-noise @ndition
necessary for characterization purposes.

There is an option, seleded by conneding a spedfic
MCU digital input port pin to a proper level, in which
the @mnverted bytes are sent continuoudly to the host-
computer through the SCI, spealing up the
communication.

By calculating the mean value of the mnverted bytes
for each analog input voltage applied, it is possble to
create Differential Non-Linearity (DNL) and Integral
Non-Linearity (INL) graphs, for example, verifying
the A/D Converter performance ompletely.

COP Mode

This operating mode holds the MCU under test in an
endless null loogp while the COP module is enabled.
When the COP freerunning counters overflow, an
internal reset is generated by the MCU which assrts
the Reset (RST) pin.

By monitoring the RST pin externaly, it is possble to
chedk the COP functionality by measuring time-out
period. The main reason for implementing the COP
mode is that the COP module, in MON mode, is
disabled and therefore not testable.

EMC Mode

This operation mode verifies EMC susceptibility of the
MCU under test. Through a standard dgital output
port, a single pulse is generated to trigger an externa
Schaffner generator responsible for creating a high-
voltage noisy environment around the MCU ports.
After that, a logp which exercises squentially CPU,
RAM, SCI, /O Ports and Timer is run. Some MCU
standard digital output ports are mnneded to LEDs
for signalizing the aurrent stage of the loaop.

In case of an acddental reset of the MCU caused by
COP, LVI, invalid instruction or address the same
LEDs indicate this occurrence and the MCU is halted.



BSTC Mode

This operating mode is used to exercise at the same
time several internal modules of the MCU under test.
The Timer is programmed to generate, through a
standard dgital output port, a Pulse Wdth
Modulation (PWM) signal whose duty-cycle is
proportional to the A/D conversion of the voltage
applied to a spedfic analog input port. All RAM
contents are sent out through the SCI continuoudly.
Also, an dternative debug routine was devel oped
using standard digital MCU ports and is avail able for
use, allowing the same functions as built-in MON.

Alternative Debug Routine

The built-in MON already mentioned is responsible
for a basic serial communication with a development
or test system. Its srial protocol uses RS-232 format.
A predefined communication frequency though
brings limitationsin some Gases.

In a non-fixed frequency system it is necessry to
provide an alternative protocol not strongly frequency
dependent like RS-232 Examples of non-fixed
frequency systems are low-power applications where
the system frequency is lowered duing stand-by and
internal clock generators where locking may take a
considerable number of cycles before stabili zing.

A smple, yet effedive, protocol was then written and
implemented in the test code to cover such cases.

The new protocol is Sftware based and uses 4 signals
to establi sh communication:

e SDIN - MCU under test data input

e SDOUT- MCU under test data output
e SCLK - data sample dock

e STRI - command execution trigger

Command and data ae serialy sent from host to the
MCU through SDIN and sampled with SCLK. A FIFO
recaves and stores the bits ent from the host. SDOUT
has the oldest bit in the FIFO.

When all bitsare stored in the FIFO, the upper bits are
taken by the MCU as command and the eght lower
bits is the asociated data byte. The size of the FIFO
can easly be modified to support different ranges of
command and data.

A smilar FIFO isin the host side. If the host wants to

read data from the MCU, the serial shift will be able to
bring the MCU data through SDOUT.

When the mmplete pair command/data is loaded in
the MCU FIFO, a STRI pulse from the host will start
the mmand exeaution in the MCU.

Read/write transfer speed is lower in this
implementation compared to RS-232 The spedl is
limited to the detedability of SCLK and STRI by the
MCU test code. On the other hand robustness is
achieved with the verifiable @mmunication link
(SDIN/SDOUT  chain), frequency independence
(SCLK commanded) and exeaution control (STRI
pulse).

An effedive set of commands completes the
aternative debug routine (for example, read / write all
accessble addresses, exeaute pieces of user code or
RAM loaded code).

The alternative debug routine @n easily be included
inside a customer code if desired. MCUs with ROM
can be particularly hard to test if some trouble mmes
up and the developed debug routine @n be of great
help.

IV -RESULTS

The modular test code was used in 8-bit ROM MCUs
developed at Brazl Semiconductor Technology Center
(BSTC) of Motorola Its $ze is around 15 kBytes.
Those MCUs targeted appli cations sich as appliances,
general purpose and PWM motor control.

A LabVIEWDO application running in a host-computer
was developed to support the dharacterization of a 10-
bit A/D Converter internal module. This application
communicates with the MCU under test through RS-
232 and controls test bench instruments through
General Purpose Interface Bus (GPIB). Fig. 3 shows
the test bench block diagram used for characterizing
this MCU A/D Converter module using a evaluation
board.

In this case, the MCU under test is operating in the
A/D Wait mode. Jumpers are used to configure the
operating mode and LEDs sgnalize MCU state. Power
Suppy is responsible for powering all evaluation
board circuits. The LabVIEWO application programs
the Predsion Voltage Source for sweeuing from 0 to
5V, with 0.5mV increments and, for each voltage
applied to the MCU A/D input pin, reads bytes with
10 converted values @nt out from MCU through



Seria Interface A Voltmeter measures exactly the
voltage at an MCU A/D Converter input pin while an
Oscill oscope monitors transmit/receve serial data
The mmplete daracterizaion of this A/D Converter
took 20 minutes approximately.

evaluation bard
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Fig. 3 - Test Bench Block Diagram

Also, the modular test code proved its effedivenessin
a chip with a failing Clock Generator module (non-
locking frequency). Using the routine it was possble
to test the other modules, allowing their functional
validation that would otherwise be unreachable
through reguar RS-232 communication through
MON mode. That ability allowed a more reliable
corredion run of silicon with all associated savings of
time, resources, mask sets, lot reruns, overall costs.

The modular test code is programmed at the initial
MCU ROM prototypes, before a customer appli cation
code availability. Once the new device is
characterized, tested and quelified it is ready for
production and customer use.

V - CONCLUSIONS

The implementation of this concept of modular test
code in ROM of MCUs proved to be etremdy
valuable on BSTC designs, allowing a faster prototype
evaluation without the need of complex equipments
and cenerating data for the production test code
development. Functionality of MCU modules, were
proved duing debug with test code, indicating faili ng
modules early during prototype stage and allowing a
fast corredion of designs. It is a complementary and
aternative way to Motorola built-in MON and a fast

evaluation solution while ATE test program is being
devel oped.



