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ci r-cui ts. 2. Description of the Prior Art To be nore precise, the

‘i nveption concerns a mcrocon- troller integrated circuit. A

m crocontroller is usually a VLSl (Very Large Scale integration) integrated
circuit containing all or nmost of the conponents of a "conputer”. Its
function is not predefined but depends on the progran1that X.

with the result that in respect of potential appli-
a general purpose device. A mcrocontrol | er necessa
processor core including a command sequencer (whichiis

uting various cont rOkléi:&ﬂ@ﬂxéréﬂéf‘elﬁ&@&f&ﬁ@@%%ﬁtacﬁﬂl@' E‘:%aho 6:@13_}(
I nstructions of a program),,an arithnmetic ,and logic unit (for processing

the data) and P@&Pﬁ’ergc’{”m%ﬁ?‘&résrﬁﬁ%ﬂﬁ"ze@rﬁ’gm BHFRs) a8 Fhetether

conponents of phogramypHbst” scatide £nd Mythdd SN aanifaxugenal to the
m crocontrol |l er, homﬁ\l/gr 'file?.dOt

ohterthe invention is that of electronic
5 integrated circuits.

To be more precise, the invention concerns a
microcontroller integrated circuit. A microcontroller is
usually a VLSI (Very Large Scale Integration) integrated
circuit containing all or most of the components of a

10 “computer”. Its function is not predefined but depends
on the program that it executes, with the result that in
respect of potential applications it is very much a
general purpose device. '

A microcontroller necessarily comprises a processor

15 core including a command segquencer ({which is a device
distributing wvarious control signals to the other
components according to the instructions of a program),
an arithmetic and logic unit (for processing the data)
and registers (which are specialised memory units).

20 The other components of the "computer" can be
either internal or external to the microcontroller,
however. In other words, the other components are
integrated into either the microcontroller or auxiliary
circuits.

25 These other components of the "computer" are data
processing and/or storage devices, for example read only
or random access memory containing the program to be
executed, clocks and interfaces (serial or parallel).

As a general rule, a system based on a

30 microcontroller therefore comprises a microchip
containing the microcontroller and a plurality of
microchips containing the external data processing and/or
storage devices which are not integrated into the
microcontroller. A microcontroller-based system of this

35 kind comprises, for example, one or more printed circuit
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.wWords, the other conponents are integrated into either the m crocontrol | er

‘or aaxiliary circuits. These ot her conponents of the "conputer are data
processing and/or storage devices, for exanple read only or random access
menory containing the programto be execut ed,
or parallel).
therefore conprises a mcrochip containing thg ncr

As a general rule, a system bc §B§§§€$ﬁ@ﬁr oﬂrol | er

and a

plurality of mcrochips containing the external data processing and/or
storage devices which are not inte- grated into the mcrocontroller. A

m crocontrol | epokpged xSt @R EA th.'hé KinidreeBBErseSerf OBnaxagpke, MR YOr

nore printed circuit boards on whi the mcrocontroller and the ot her
conponents ar eCOABRIRERES ang maNGed.anp) i cation program i.e. the program
whi ch i s executed byrg hésm gli®cappldchet onwhbedyttai er di.ees the @itRgram
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which is executed by the microcontroller, which
determines the overall operation of the microcontroller
system. Each application program is therefore specific
to a separate application.

In most current applications the application
program is too large to be held in the microcontroller
and is therefore stored in a memory external to the
microcontroller. This program memory, which has only to
be read, not written, is generally a reprogrammable read
only memory {REPROM).

After the application program has been programmed
in memory and then started in order to be executed by the
microcontroller, the microcontroller system may not
function as expected.

In the least unfavourable situation this is a minor
dysfunction of the system and the microcontroller is
still able to dialogue with a test station via a serial
or parallel interface. This test station is then able to
determine the nature of the problem and indicate

precisely the type of correction (software and/or
physical)l to be applied to the system for it to operate
correctly.

Unfortunately, most dysfunctions of a

microcontroller-based system result in a total system
lock-up, preventing any dialogue with a test station. It
is then impossible to determine the type of fault, i.e.
whether it is a physical fault (in the microcontroller
itself, in an external read only memory, in a peripheral
device, on a bus, etc) or a software fault {(i.e. an error
in the application program). The troubleshooting
technique usually employed in these cases of total lock-
up is based on the use of sophisticated test devices
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-2- all operation of the mcrocontroller system Each application program

Sis therefore specific to a separate application. I'n most current
applii cations the application programis too large to be
m.crocontroller and is therefore stored in a menory
m crocontrol ler. This program nenory, whigh has only
witten, is generally a reprogrammable read only ne
t he application program has been progranmed in
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requiring the application of probes to the pins of the
various integrated circuits of the microcontroller-based
system under test.

There are various problems associated with the use
of such test devices for troubleshooting a
microcontroller-based system. The probes used in these
test devices are very fragile, difficult to apply because
of the small size of the circuit and their close packing,
and may not make good contact with the circuit.

Also, because of their high cost, these test
devices are not mass produced. Consequently, faulty
microcontroller-based systems cannot be repaired
immediately, wherever they happen to be located at the
time, but must first be returned to a place where a test
device is available.

Troubleshooting a microcontroller-based system in
this way is time-consuming, irksome and costly.

To avoid the need for direct action on the
microcontroller-based system each time the application
program executed by the microcontroller of the system is
changed, it is standard practise to use a downloadable
read only memory to store the application program, a
loading program being written into a mask-programmed read
only memory of the microcontroller. The mask-programmed
read only memory of the microcontroller is integrated
into the microcontroller and programmed once and for all
during manufacture of the microcontroller.

To change the application program the
microcontroller is reset by running the downloading
program. This downloading program can then communicate
with a workstation connected to the microcontroller by an
appropriate transmission line, this workstation
containing the new application program to be written into
the microcontroller. The downloading program receives
the new application program and loads it into a read only
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mepory and then started in order to be executed by the mcrocontroller, the

»m crocontroller systemnay not func- tion as expected. In the | east
unfavorabl e situation this is a mnor dysfunc- tion of the system and t he
mcrocontroller is still able to dialog with a test : ' ‘ ;

parallel interface. This test station is then able t
of the problem and indicate precisely the type of colre Vel 3
and/ or physical) to be applied to the systemfor it to operate correctly.
Unfortunately, nost dysfunctions of a nicrocontroller- based systemresult
in atotal sys C h a test station. It is
t hen i npossi bllté‘ 0L§ %,é{r;'%-%%{ﬁ:&r%ﬁé‘ a(:lt:c(gbq"L\MJ:I whether it is a
physical fault (in thkkhiuglocthis oISIOé»FlttLPSeI&VOJJ% arhexneedalforeadixgnty
menory, in a PgELpBAl dh 4 Chic n?&c@n@i-'éllé’f%a%d acoebifRrGriien tudizg: an

error in the application progra The troubl eshooting tech-
entail removing from the system the reprogrammable read

5 only memories containing the application program, writing
into these memories the new application program using an
appropriate programming device and then replacing them in
the system), it nevertheless has a major drawback, namely
specialisation of the microcontroller during manufacture.

10 Each type of reprogrammable memory 1is associated
with a different downloading program because the
programming parameters (voltage to be applied, duration
for which the voltage is to be applied, etc) vary with
the technology employed. The downloading program is

15 written once and for all into the mask-programmed
internal memory of the microcontroller and the latter is
therefore restricted to using memory components of the
type for which this downloading program was written. In
other words, the microcontroller is not a standard

20 component and this increases its cost of manufacture.

One object of the invention is to overcome these
various drawbacks of the prior art.

To be more precise, an object of the invention is
to provide a microcontroller circuit which can verify

25 quickly, simply, reliably and at low cost the operation
of a system based on the microcontroller.

Another object of the invention is to provide a
microcontroller integrated circuit which can accurately
locate the defective component or components of a system

30 using the microcontroller in the event of dysfunction of
the system.

A further object of the invention is to provide a
microcontroller integrated circuit which avoids the need
for direct action on the microcontroller-based system to

35 change the application program, whilst remaining standard
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ni quc usually enployed in these cases of total |ock-up is based on the use
-of sqphisticated test devices requiring the application of probes to the
pins of the various integrated circuits of the nicrocontroller-based system
under test. There are various problens associ at qH $2ﬁ¥ f; such
),
rllf

test devices for troubl eshooting a mcroeofntroll ef-

probes used in these test devices are very fragil to apply
because of the snmall size of the circuit and their close packlng, and may
not make good contact with the circuit. Al so, because of their high cost,
these test deV%ge§e§§§dg0Ehga§§ggrBgu Sﬂorgb Hﬁgﬁéyw1éﬁ“&ﬁfJ% it can

m crocontrol | er-bas systens nnot be repalred I mred at el erever they
happen to be Ib@avééda@ntﬁeSY$h%m but must first be returned to a place
where a test device qgeg¥aidh3llkes, éE{d)UQEEEQQOtﬁH%Q: aeﬂéféé’c%@tllbw | egrdased

systemin this way is _tinme-consum ng, irksone and cost X
achieved in accordance w1th the 1nventlo by means of a

5 microcontroller integrated circuit comprising a processor
core adapted to exchange data with at least one data
processing and/or storage device, said integrated circuit
comprising a read only memory containing a generic
program such as a test program which can be executed by

10 said microcontroller, said generic program including a
basic function for writing data into said data processing
and/or storage device or devices and said write function
being used to load a downloading program.

The data processing and/or storage devices are

15 either integrated into the microcontroller (i.e. into the
microcontroller integrated circuit comprising the
processor core} or external to the microcontroller and
integrated into separate circuits.

In a preferred embodiment of the invention said

20 read only memory containing the generic program is a mask
programmed read only memory, said mask-programmed read
only memory being programmed once and for all during
manufacture of said integrated circuit.

Thus, unlike prior art microcontrollers in which

25 the mask-programmed read only memory, if any, contains
either an application program (if this is small) or a
downloading program (restricted to a specific type of
memory component), the microcontroller of the invention
has a mask-programmed memory containing a generic program

30 such as a test program.

Accordingly, the microcontroller can be tested with
its environment, independently of the application
program. This test can be run either before the
application program is started or after the application

35 is started if the system in which the microcontroller is
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To-. avoid the need for direct action on the microcontroller- based system
eachstime the application program executed by

-3- the mcrocontroller of the systemis chang el act i se
qﬁé%gfg%liﬁi\! rogram a

to- use a downl oadabl e read only nenory to storejt
| oadi ng program being witten into a nmaskgprogrk d ﬁhly nory of
the mcro- controller. The mask-progranmed read only nenory Of e

used fails or is subject to a dysfunction.

In a preferred embodiment of the invention said
generic program such as a test program comprises a
selection of the following basic functions:

5 - reading of data stored by said data processing
and/or storage device or devices;

- writing of data in said data processing and/or
storage device or devices;

- executing a program written in said data

10 processing and/or storage device or devices.

The generic program such as a test program can
therefore be very small in size and thus readily
integrated into the microcontroller.

These three basic functions provide for complete

15 testing of the microcontroller alone or with its
environment.

Said data processing and/or storage device or
devices are advantageously selected from the group
including:

20 - reprogrammable read only memories, programmable
more than once after fabrication of said integrated
circuit;

- random access memories;

- clocks;

25 -~ peripheral devices.

The read function is used to verify the content of
the read only memory storing (or for storing) the
application program, to test the information acquired by
the various peripheral devices and, in combination with

30 the write function, to test the validity of the random
access memory.

The write function, which advantageously does not
use any random access memory, is used to validate the
various peripheral devices and the random access memory.

35 It can load any program into the random access memory,
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m cgrocontroller is integrated into the mcrocontroller and prograrmed once
and for all during manufacture of the mcrocontro

appl i cation programthe mcrocontroller is reset | oadi ng
program This downl oad- ing program can then co ni catﬁm@ﬂg a wokstation
connected to the mcrocontroller by an app?opri at I ne,

this workstation containing the new application programto be witten into
the microcontroller. The down- | oading programreceives the new application
programand loads it into a read only nenory external to the m crocon-

troller. Al t hgikdhdibigs 0! Whdxan éri&bébfxilhe SEeel- it diﬁﬁ@ér&@t | pafeart he
mcrocontroller-based stem(vx/g_:18 woul d ent ail rem) fromthe system
SR | &Rom

t he reprogr anmaif t RACT R AR mf X h@n SCaFFXﬁrB%
witing into t w cramiﬂleeSoﬂ hexeeye app| tieat basier ﬁgnaﬁiebnss ngoanectly),

or any program for downloading the read only memory

5 enabling dynamic adaptation of the microcontroller-based
system by modification of its application program. The
fact that any downloading program can be written into
random access memory is very important because this means
that the microcontroller of the invention is not

10 restricted to a specific type of memory component: the
microcontroller of the invention 1is a standard and
therefore low cost product.

The execute function is used to execute a progranm
written in random access memory by the write function.

15 The set of three functions can be used to carry out
all kinds of tests and even for troubleshooting during
production.

The integrated circuit of the invention
advantageously comprises communication means implementing

20 a protocol for dialogue between a generic test program
and a test station connected to sald integrated
circuit.

The microcontroller-based system can therefore be
remotely tested from the test station, the generic test

25 program supplying to the test station, on request, full
information concerning the microcontroller and its
environment.

The group of basic functions constituting said
generic test program preferably incluqes measurement of

30 the speed at which data is transmitted from said test
station so that said communication means can match the
speed at which data is transmitted from said integrated
circuit to said speed at which data is transmitted by
said test station.

35 This simplifies the test station because it always
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appropriate programm ng device and then replacing themin the systen), it
nevert hel ess has a maj or drawback, nanely specialization of the

m crocontrol | er during manufacture. Each type of reprogrannable Tenory S
associated with a different downl oadi ng program becau 9
paranmeters (voltage to be applied, duratiog for which ﬂ
applied, etc) vary with the technol ogy enpl oyed. The

witten once and for all into the mask-programmed internal nenDry of the
m crocontroller and the latter is therefore restricted to using nenory
conponents of e r{Resf %t%h%h th %aﬂx@“@b@éé' nﬂeB&QEléQ‘sV\Qﬁ Phit EgBeg! N

ot her words, the mcrocontroll IS not a stan ar nponent and this
increases its &st %%c%aﬁﬁﬁhd?H?%Pcon?iﬁ; 8% kP dﬂ”ﬁﬁb thvelit | GARPECESA
over cone t hese ofidadies .dr awbacks of the prior art. To be nore precise, an

obj ect of the |nventbggdls Egmmunlcatlon means are advantageously

5 equivalent to a universal asynchronous receiver/
transmitter (UART) of which only the receive and transmit
signals are used.

Microcontrollers conventionally incorporate a UART.

Said communication means preferably comprise a

10 serial interface and saild generic test program receives
from said test station messages for activating either one
of said basic functions or a pointer positioning function
and sends to said test station messages as to the result
of activating one of said elementary functions.

15 The serial interface is an RS232 interface, for
example.

Said activation messages are advantageously
selected from the group comprising:

- messages specifying a predetermined address for a

20 current pointer, each message comprising an address
specification command word in which the number of
specification bytes is encoded and at least one data word
containing said specification bytes;

- messages to read a memory from the current

25 pointer address, each message comprising a read command
word in which a number of bytes to read is encoded;

- messages to write in a memory £from the current
peinter address, each message comprising a write command
word -in which a number of bytes to write is encoded and

30 at least one data word containing said bytes to write;

- messages to execute a program stored in a memory
from the current pointer address, each message comprising
an execute command word.

Each of said result messages advantageously

35 comprise at least one data word containing read data.
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previde a mcrocontroller circuit which can verify quickly, sinply,
reliably and at | ow cost the operation of a system based on the

m crocontrol |l er. Anot her object of the invention is to provide a
m erocon- troller integrated circuit which can accurately Iocate t he

-4 - defective conponent or conponents of %a system usip—~the m %PgﬁﬁF'ler
in the event of dysfunctio of the system THIS SHek HA

REPLACEB

In other words, the activation messages comprise a
command word, possibly followed by one or more data
words, and the result messages comprise one or more data
words.

5 Each command word and each data word advantageously
comprise at least one start bit, at least one data bit
and at least one stop bit.

This secures transmission of data between the
generic test program of the microcontroller and the test

10 station.

Each of said command words preferably comprises
eight data bits, as follows:

- two bits encoding the command word type; and

- six bits encoding a number of specificétion

15 bytes, bytes to read and bytes to write, according to
whether the command word coded in the other two bits is
respectively a specification command word, a read command
word or a write command word.

In an advantageous embodiment of the invention said

20 integrated circuit comprises a pin for starting said
generic program such as a test program, said generic
program such as a test program being started when said
start pin is excited after said integrated circuit has
been reset.

25 The start pin is used to tell the microcontroller
that it must switch to test mode, i.e. start execution of
the generic test program.

The invention also concerns a method of
manufacturing a microcontroller integrated circuit

30 comprising a step of etching a mask-programmed read only
memory containing sald generic program such as a test
program.

The invention also concerns an integrated circuit
test station for testing an integrated circuit of the

35 invention, said station comprising means for transmitting
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A further object of the invention is to provide a mcro- controller
integrated circuit which avoids the need for direct action on the

m crocontrol | er-based systemto change the application p q)ggsagmgath&tBEEN
remai ning standard as regards the type of nenory conponeft wi tdpppREgth it
can be used in a system SUMMRY OF THE | NVE
obj ects, and others that emerge bel ow, are achieved in accordance wth the
i nvention by neans of a microcon- troller integrated circuit conprising a
processor core adapted to exchange data with at | east one data processing

and/ or st or age, Hepi£6: ord b JayfcRd bRlde ¢tk ¢ihl @@gmtsmé@s@gé@ad onl y
nmenory cont al ni ng a enerl C pr ogram sua&é’as a test ICh ng
I C

executed by said m & fegituges apdy agvaotage Br8§ V@@l g a "B

fungt ion for Whéidd ﬂﬁéxﬁl hntreasiding &t acips oﬁeBm\mgqmndéso:rspm@geoﬂew ce
or devi ces

preferred embodiment of the invention given by way of
5 non-limiting example only and from the appended drawings,
in which:

- figure 1 shows a simplified block diagram of a
system based on one embodiment of a microcontroller of
the invention, this microcontroller-based system being

10 connected to a test station;

- figure 2 shows a simplified block diagram of one
embodiment of a generic test program as contained in the
mask-programmed read only memory of a microcontroller of
the invention;

i5 - figure 3 shows one embodiment of the structure of
a command word exchanged between the test station and the
microcontroller of the invention as shown in figure 1;

- figure 4 shows one embodiment of the structure of

a data word exchanged between the test station and the
20 microcontroller of the invention as shown in figure 1;

- figures 5 to 8 each show one example of dialogue
between the microcontroller of the invention and the test
station as shown in figure 1, in the following respective
cases:

25 * positioning a pointer;

* reading a memory;

* writing a memory;

* executing a program.

In this description said generic program is a

30 generic test program, for example, and said read only
memory containing this generic program is a mask-
programmed memory programmed once and for all during
manufacture of said integrated circuit.

The invention thus concerns a microcontroller

35 integrated circuit {referred to simply as a

. .
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and said wite function being used to | oad a downl oadi ng program The
storage and/or data processing devices are either integrated into the
mcrocontroller (i.e. into the microcon- troller integrated circuit
conprising the processor core) or external to the mcrog
integrated into separate circuits. I n dlpreferred enbpdHiSebHERT HAR SEEN
I nvention said read only nenory containing the generic progr &RPLACED mask
pro- gramed read only nenory, said mask-programred rea rig
programed once and for all during manufacture of said integrated circuit.

IEF; ngmo 'r 56 fix]gld&ro&ﬂtﬂathregcqm Ittﬁlel Qéﬁaiﬁdéﬁléﬂ the desdeimpriograned read
any,_.contains either an application p m this Ls
smal 1) or a downl oadiBYTEr ogr afitFEst riRg edSRS-H Js%ec?‘f%?%&%m%éé ofg#rerﬁl%ry
conpo- nent), miwerdidaedlidgrollienfofthiehd nivenedbnoanias aystsk- 12 based
on the microcontroller 11.

5 In the specific embodiment the microcontroller 11
comprises a minimum of components namely:
- a processor core 13;
- a mask-programmed read only memory 14, programmed
once and for all during manufacture of the
10 microcontroller, and
- a UART {universal asynchronous receiver/
transmitter) 15.
The other data processing and/or storage devices
~enabling the microcontroller 11 to operate are external
15 to the microcontroller 11 in this example, and with the
latter constitute the microcontroller-based system 12.
In this specific embodiment the data processing and/or
storage devices are:
- a reprogrammable read only memory (REPROM} 16
20 which can be programmed more than once after manufacture
of the microcontroller 11 and is for storing the
application program executed by the microcontroller 11
and defining the function of the latter and more
generally the function of the system 12 as a whole;
25 - a random access memory {RAM} used Aduring
execution of a program by the microcontroller 11;
- a clock 18;
- two peripheral devices 19, 110.
Clearly the microcontroller of the invention is not
30 restricted to this particular embodiment. Thus, in other
embodiments, all or some of the data processing and/or
storage devices 16 through 110 can be integrated into the
microcontroller.
' Likewise, other types of data processing and/or
35 storage devices (either internal or external to the
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proegrammed nmenory containing a generic programsuch as a test program
Accordingly, the mcrocontroller can be tested with its environnent,
i ndependently of the application program This test can be run either

before the application programis started or after the ap
started if the systemin which the nicrocggtroller I s use

TR, PAEET PR e

subj ect to a dysfunction.

REPLACED

microcontroller 11) can be used.

The mask-programmed read only memory of the

microcontroller 11 contains a generic test program.

In a preferred embodiment, a simplified block

5 diagram of which is shown in figure 2, the

generic test

program 21 comprises a plurality of basic functions

including:

- 22: reading of data stored in some data

processing and/or storage devices, such as the

10 reprogrammable read only memory 16, the random access

memory 17 or the peripheral devices 19, 110;

- 23: writing of data in some data processing

and/or storage devices such as the random
17 or the peripheral devices 19, 110;

access nmemory

15 - 24: execution of the program written into one of

the data processing and/or storage devices
random access memory 17.

such as the

In this embodiment the generic test program 21 also

comprises two other basic functions, namely measurement

20 of a transmission speed (25} and positioning of a pointer

{26). These functions are described in detail below.

The generic test program 21 is used to verify and

validate either the microcontroller 11 alone or the

microcontroller 11 and its environment
25 microcontroller-based system 12).
The generic test program 21 is used

{i.e. the

to test and

validate each of the components constituting the

microcontroller-based system.

The correct operation of the microcontroller 11

30 alone can be verified in a first phase, i.e.
introduced into the system 12 in order to ¢
the data processing and/or storage device

before it is
ooperate with
s 16 through

110. The correct operation of the system 12 as seen by

the microcontroller can be verified in a second phase.

35 These two preliminary test and validat

ion phases do
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In a preferred embodi ment of the invention said generic programsuch as a
test program conprises a selection of the follow ng basic functions:

reaging of data stored by said data processi ng and/ or st orage devi ce
or. devi ces; witing of data in said data processing af

devi ce or devi ces; executing a programwitten in said q‘ﬁg gzé%@ggsﬁfﬁgﬁ
and/ or storage device or devices. The generic program guch

programcan therefore be very small in size and thus readily integrated
|nto|the n1crocontro||er These three basic functions provide for
conplete testing MG PCRPLEShLET o 088 Qpplifthtiibe Sfvdd e,
Sai d data proceSS|ng ang?or stogage device or de%%%es aﬁe pred

memory {read only memory 16 or random access memory 17).
2ll that is required is to tell the microcontroller 11
that it must switch to test mode, in which mode it
5 executes the generic test program (as contrasted with the
normal operating mode in which it executes the
application program contained in memory). In one
specific embodiment of the invention the microcontroller
11 comprises a start pin {(not shown) and the generic test

10 program is started when this start pin is excited after
the microcontroller has been reset.

Note that the microcontroller 11 and its
environment {external devices 16 through 110} can also be
tested and validated in the event of a dysfunction of the

15 system 12 during execution of the application program.

Finally, the write basic function 23 can write into
random access memory a test (or self-test) program that
is more complex than the generic test program 21 but
whose correct execution presupposes that the microcon-

20 troller 11 and its environment are operational in respect
of execution of the basic functions 22 through 24.

The application program, i.e. the program executed
by the microcontroller 11 and which confers its function
on it, is wusually written into a memory after the

25 microcontroller 11 and its environment have been tested
and validated.

The generic test program 21 of the microcontroller
of the invention offers various ways to store the
application program in memory.

30 A first way is to store the appllcatlon. program
directly in random access memory 17 using the write basic
function 23.

A second way, offering better performance because
it is durable, consists in storing the application

35 program indirectly in read only memory 16 and storing
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advant ageously sel ected fromthe group including: repr ogr ammabl e read

only, menories, progranmable nore than once after fabrication of said
i nt egrat ed circuit; random access nenori es; cl ogfess
peri pheral devices. °~ The read function is used to verify ﬁngCSHEEHHAS)fBEEN
the read only nemory storing (or for stogjjpng) the applicat]on prREPLAGHDEM
Pal

to test the information acquired by the various periph- eral devrces—ate
in conmbination with the wite function, to_ test the validity of the random

access nenory.

The wite function, which advantageously does not use any

d ' d t | idate th ' I ph | _devi
and the randonPSCEESEeRdnory . TR AGSESAny BIURF anl no PRESTHRAGH®

access nenory,
that the

10

15

20
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30

35

downloddimg athise readerdnlly sedrioxtyesls pr oglem(lyf ey vemd yi ng
of downloading program {and thus any type of
reprogrammable memory) can be used because the generic
test program writes it into the random access memory 17
like any other program {in other words, the content of
the program written is transparent insofar as the write
function 23 of the generic test program 21 is concerned).
The microcontroller 11 of the invention can therefore
adapt dynamically to its application context (through the
facility for downloading of the read only memory) whilst
remaining a standard product (in that there is no
limitation as to any specific type of reprogrammable
memory) .

Referring to figure 1, the microcontroller 11 is
usually connected to a test station 111, by an RS232
serial link, for example. To this end the
microcontroller and the test station each comprise
communication means for implementing a dialogue protocol.
The test station 111 is an IBM PC compatible
microcomputer, for example.

In the specific embodiment of the invention shown
in figures 1 and 2 the generic test program 21 comprises
a basic function 25 for measuring the transmission speed
from the test station 111. The transmission speed of the
communication means 15 of the microcontroller 11 is then
made eqgual to that of the test station 111, and is
therefore independent of the clock 18 of the system 12.
The communication means 15 are equivalent to a
UART (Universal Asynchronous Recelver/Transmitter), for
example, of which only the receive signal Rx and transmit
signal Tx are used.

One example of a protocol for exchange of data
between the microcontroller 11 and the test station 111
is now described with reference to figures 3 through 8.
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m_crocontroller and its environnent are capable of execut- ing the basic
functions correctly), or any program for downl oading the read only nenory
enabl i ng dynam c adap- tation of the mcrocontroller-based system by

nodi fication of its application program The fact thagt—any—dowaloading
programcan be witten into random accesasmenory is \etS iSHEST tHASt BERChuse
this neans that the mcrocontroller of the inventionijis noREP@SEDRI ctedito a
specific type of menory conponent: the mcrocontroller ] ' S
a stan- dard and therefore | ow cost product. The execute function is used

to execute a Progragpyr iddgtn dh ¢ RHOM ACERRASTRIP! ¥ndYnk BeobhE oL vaST i On.

11 messages to activate one of the following four basic

functions: read 22, write 23, execute 24 and position a
pointer 26 of the generic test program 21.

5 In return, the generic test program 21 sends the
test station 111 messages as to the result of activating
one of said basic functions.

An activation message comprizses a command word,
possibly followed by one or more data words. A result

10 message comprises one or more data words.

Figure 3 shows one embodiment of the structure of a
command word. In this example a command word comprises a
start bit D, a data byte 31 comprising six bits N1
through N6 encoding the command word type and two stop

15 bits S1, S2.

The codes for the command word type are as follows:

- 00: position pointer command 26;

- 01: read command 22;

- 10: write command 23;

20 - 11: execute command 24.

Figure 4 shows one embodiment of the structure of a
data word. In this example a data word comprises a start
bit D, a data byte 41 and two stop bits Sl, S2.

The number coded in binary in bits N1 through N6

25 is one less than the number of bytes to be coded (N)
{i.e. N - 1).

The number N to be coded is:

- a number of bytes in which 1is specified the
address at which a current pointer must be positioned in

30 the case of a pointer positioning command word;

- a number of bytes to be read from the current
pointer address in the case of a read command word;

- a number of bytes to be written from the current
pointer address in the case of a write command word.

35 Each of figures 5 through 8 shows one example of
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-6-- The set of three functions can be used to carry out al
testss and even for troubl eshooting during produc- tion.

circuit of the invention advantageously conprises comruni cati on nmeans

i npl ementing a protocol
test station connected to said integratedigircuit. The;
m crocontrol | er-based system can therefore be renptely t

for dialog between a generic test progran1and a

ki nds of
The integrated

station, the generic test pro- gram supplying to the test staREp(nggn

request, ful

envi r onnent

10

15

20

25

30

35

o118 SHEEG HAS BERPE

i nforma- tion concerning the mcrocontrol | ér~anmtits

&0818504PLeEwhAS T Ené UREL) OB CRDELd L W Nhe A A SRS CarlPSt

the test station. To simplify the diagrams only the data
bytes are shown (the start bits D and the stop bits 81,
82 do not convey any data).

Figure 5 shows the situation of specification by
the test station of an address to which the current
pointei of the microcontroller is to be positioned, the
address specified being the memory address from which one
of the three basic functions (read, write, execute) is to
be executed.

In this example the address specified is 123456 and
each digit specifying the address is coded on four bits.

Accordingly the test station first sends a command
word S1 indicating that this is a pointer positioning
command {C2C1=00) and that the address is coded on N=3
bytes (N6 to N1 = (10) binary = 2 = N - 1), followed by
three data words 52 through 54 containing the address
(0001, 0010, 0011, 0100, 0101 and 0110 respectively
corresponding to the coding of 1,2,3,4,5 and 6).

Figure 6 shows the situation in which the test
station commands reading of bytes by the microcontroller
from the current pointer address.

In this example the station sends a command word 61
indicating a read (C2Cl = 01} and that there are N=4
(N6 to N1 = (11) binary = 3 = N - 1} bytes to read. The
microcontroller then sends the test station the four data
words 62 through 65 containing the data read (bits
denoted x to indicate any value).

Figure 7 shows the situation of the test station
commanding writing of bytes by the microcontroller from
the current pointer address.

In this example the test station first sends a
command word 71 indicating a write (C2Cl = 10) and that
there are N=5 (N6 to N1 = (100) binary = 4 = N - 1) bytes
to write, followed by five data words 72 through 76
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program preferably includes neasurenent of the speed at which data is
transmtted fromsaid test station so that said comruni cati on nmeans can
mat c¢h the speed at which data is transmtted fromsaid integrated circuit
to-said speed at which data is transmtted by said test station. This
sinplifies the test station because it alpays transmts data at the sane
speed, regardl ess of the speed at which the mcrocontroller to which it is
connect ed operates. Sai d communi cation neans are advantageously equiva-
|l ent to a universal asynchronous receiver/ransmtter (UART; conventionally
i ncorporated i BoAtHtRIRAGOBREORLER) t8f bUNiLhteBLY (bhEokeaailv &N bildaanym t
signal s are used, Sai d_ conmuni cati on neans preferably conprise a serial
interface and $8i8 B%A®P18)test program receives fromsaid test station
messages for activatkiguest Bersimne ofhsakdrhasion! WICt theS testa il
positioning function.and sends, to sgbdtkgst.statlogrgﬁig%g%& as to the

result of acti YSPPAPILAE GFeSUFyon € microcon program
5 stored from the current pointer address. Accordingly,

the test station sends a command word 81 indicating
execution {C2Cl = 11).
The invention also concerns a method of
manufacturing a microcontroller integrated circuit as
10 described above by means of one sgpecific embodiment.
This method comprises a step of etching the mask-
programmed read only memory containing the generic test
program.

TTHIS SHEET HAS BEEN
L EPLACED
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The

el enentary functions.
exanpl e. Sai

interface is an RS232 interface, for

vation n ages are advantageously selected fromthe
group CONprisi NQ..g rangfﬁ nﬁgggcifying a predeterm ned address for a
current po:_\m; Lk ge conprising an address specifi- cation
command word i «C 1¢hé nunber of speci; fication bytes is encoded
and at | east one data word cont ai ni ng~Sai d specifi y
nmessages to read a nenory fromthe current pointer %gkéggggﬁﬁéﬁdﬁﬁﬁ
message conprising a read conmand word ‘i n which a{punbeft 5%&CEytes t}o

read i s encoded, SS s towitein a nmenory fromthe curren
address, each nessa rising a wite comand
1. Microcontroller integrated circuit comprising a

processor core (13) adapted to exchange data with at
least one data processing and/or storage device (16-110),
5 characterised in that said integrated circuit (11)
comprises a read only memory (14) containing a generic
program such as a test program {21} which can be executed
by said microcontroller (1l1), sald generic program (21)
including a basic function (23) for writing data into
10 said data processing and/or storage device or devices
(16-110) and said write function being used to load a
downloading program.

2. 1Integrated <circuit according to «c¢laim 1
characterised in that said generic program further

15 comprises a basic function {22) for reading data stored
by said data processing and/or storage device or devices
(16-110).

3. Integrated circuit according to claim 1 or

claim 2 characterised in that said generic program

20 further comprises a basic function (24) for executing a
program written in said data processing and/or storage
device or devices (16-110}.

4. Integrated circuit according to any one of
claims 1 to 3 characterised in that said data processing

25 and/or storage device or devices are selected from the
group including:

- reprogrammable read only memories (16) which can
be programmed more than once after manufacture of said
integrated circuit;

30 - random access memories (17};

- clocks {18};

- peripheral devices (19, 110).

5. Integrated circuit according to any one of
claims 1 to 4 characterised in that it comprises

35 communication means (15) implementing a protocol for
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- 7 - word in which a nunber of bytes to wite is encoded and
at least ene—dataword containing said bytes to wite,; nessages

to execute ored in a menory from the current pointer
addr ess, eaﬁ si ng an execute command word. Each of
said result geously conprige at |east e _data word

containing read data. In other words, the "activation ??%p%ﬂ gggg
’ éé%ﬁ D

command word, possibly followed by one or nore data wo
dialogue between a generic test program (21) and a test

messages

station (111) connected to said integrated circuit (11).

6. Integrated «circuit according to «claim 5
characterised in that said generic test program (21} also

5 comprises measurement (25) of the speed at which said
test station  (111) transmits data so that said
communication means (15) can match the speed of
transmission of data from said integrated circuit (11) to
said speed at which data is transmitted by said test

10 station {111).

7. Integrated circuit according to claim 5 or
claim 6 characterised in that said communication means
are equivalent to an asynchronous receiver/transmitter
{15) of which only the receive and transmit signals are

15 used.

8. Integrated circuit according to any one of
claims 5 to 7 characterised in that said communication
means (15) comprise a serial interface and in that said
generic test program (21) receives from said test station

20 {(111) messages for activating either one of said basic
functions (22-24) or a pointer positioning function (26)
and sends to said test station (111) messages as to the
results of activating one of said basic functions.

9. Integrated <circuit according to claim 8

25 characterised in that said activation messages are
selected from the group comprising:

- messages specifying a predetermined address for a
current pointer, each message comprising an address
specification command word (51} in which is encoded the

30 number of specification bytes and at least one data word
{52-54) containing said specification bytes;

- messages to read a memory from the current
pointer address, each message comprising a read command
word (61) in which a number of bytes to read is encoded;

35 - messages to write a memory from the current
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compri se one or nore data words. Each command word and each data word

advantageous#y——toﬁpfrse—a%—least one start bit, at |east one data bit and

at |'east

generic te 151' §
of said comang =

two bits encoding the command word type; and six bits ehd @%ﬁ ééﬁﬁﬁgggpw
of specification bytes, bytes to read and bytes to wite, ok

whet her the
tively a speC|f|c
command wor d.

7 ;:j_ié,;secures transn155|on of data between the
LF. ! ‘mi crocontroller and the test statlon Each
Wor ds -rably conpri seggei ght data bitsfrg

ha.tal
comand word coded |n the other tmo bits iI's respec-
Lon wite

S AR R S e R S

i ntegrated cirwortl d@Aprisewhachi asf encetiedt iangusdieg gp(fnémtcesprtngrvmﬁmuch
as a test ProgLay a%a'lgagﬁ:n%ﬁ' C 44 ggr“%@dsupﬁ -76) containing said byvtes
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35

to write;

- messages to execute a program stored in a memory
from the current pointer address, each message comprising
an execute command word ({81}.

10. Integrated circuit according to claim 8 or
claim 9 characterised in that each of said result
messages comprises at least one data word (62-64)
containing read data. '

11. Integrated circuit according to claim 9 or
claim 10 characterised in that each command word and each
data word comprises at least one start bit (D}, at least
one data bit (31; 41) and at least one stop bit (81, 82).

12. Integrated circuit according to claim 11
characterised in that each command word comprises eight
data bits (31) as follows:

- two bits {Cl, C2) encoding the command word type:
and

- six bits (N1-N6) coding a number of specification
bytes, a number of bytes to read and a number of bytes to
write according to whether the command word coded in the
other two bits is respectively a specification command
word, a read command word or a write command word.

13. Integrated circuit according to any one of
claims 1 to 12 characterised in that it comprises a pin
for starting said generic program (21), said generic
program being started when said start pin is excited
after said integrated circuit has been reset.

14. 1Integrated circuit according to any one of
claims 1 to 13 characterised in that said read only
memory {14) containing the generic program is a mask-
programmed read only memory programmed once and for all
during manufacture of said integrated circuit (11}.
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as.a test program being started when said start pin is excited after said
i nt egr at i i reset. The start pinis used to tell the

m crocont r Qhadeig: ke TUSE SWitch to test node, i.e. start execution of
t he generi 3 ﬂ E | i 4l The invention also concerns a nethod of
manuf acturi ng a 1t ROl er integrategqcircuit conprising a step of

etch- ing a mask-progranmed Iread onl y nmenory containing said generic
program such as a test program The invention also concerns an integrated
circuit test station for testing an integrated circuit of the invention,

said station conprisijpg s for transmtting activation,nes- sa and
receiving result ms%ggegﬁ%%%r ?%at Sy %&%gaf}gnt fgesmb?r?%%n?ﬂ??@rﬁﬁ on
wi Il energe fraomtagreaddngioftuiteactotrding ngo debaim pt4 orhafact qrisfest ried
enbodi ment of i nyenti Qive V. Of -l Nty [ nd
Cromtho appen%ggt dr'l‘gw@%ng{h%e% % Yo £T M d L4 P InEIRIBL S HHnled?
read only memory (14} containing said generic program
5 (21).
16. Integrated circuit test station (111) for

testing an integrated circuit (11) according to any one

of claims 1 to 14 characterised in that it comprises
means for transmitting activation messages and means for

1¢ receiving result messages according to any one of claims
8 to 13.
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- 8- BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 shows a sinplified

bl'ock di agram of a system based on one enbodi ment of a nicrocontroller of

t he' i nventi on,
test station.

this mcrocontroll er-based system being con- nected to a

FIG 2 shows a sinplified bl ock diagram of one enbodi -

of a generic test programas contained in the mask-

ABSTRACT OF THE DISCLOSURE

Microcontroller integrated circuit with read only
memory containing a generic program such as a test
program, test station and method of manufacture.

The invention concerns a microcontroller integrated
circuit (11) comprising a processor core (13} which
exchanges data with at least one data processing and/or
storage device (16-110).

In accordance with the invention, said integrated
circuit (11) comprises a read only memory (14) containing
a generic program such as a test program (21) which can
be executed by said microcontroller (11), said generic
program {21) including a basic function (29) for writing
data into said data processing and/or storage device or
devices (16-110) and said write function being used to
load a downloading program.

Fig. 1

ment
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programed read only nenory of a mcrocontroller of the invention._ _FIG 3 _
shows one enbodi nent of the structure of a command word exchanged between

the test station and the mcrocontroller of the invention as mRkGuat Hi3 BRn@eplaced
1.  FIG 4 shows one enbodinment of the dtfgcture of a data wo N

N

bet ween the test station and the mcrocon- troller of the inve

shown in FIG 1. MRoCoNTRoEER-BRBEDSUTErne of dial 0§
m crocontrol |l er of e Y ‘ i on asishown in FIG 1,
in the follow ng respec§?§§ﬁ~§gﬁmmﬂ QL ﬁﬁn%n@lnt er; * reading a

menory;, *witind a nme ; 4 exefuly program DETAI LED
DESCR| PTI ON OF THE ?ROM RAW 3 17
MICROCONTROLLER | . — N TEoT
\\ 4 I sSTAaTIoN
o csoR 13 ~—~ MICROCONTROLEUR : STATION
ROCESSO N -
\ﬁl COEUR BE \ 15 TEST
CLock {1 ore e [PROCESSEUR MASK-
L T roMMasoueer ReoGRAmMED]
\ | PROGRAMME 14
= GENER!QUE”'*\/GENER‘Q
18 | . | DETEST] [£ST TEST FRosRAM
19 K-/ 111

\_{PER!PH. 1{ | PERIPH. 2"\\—/1 10

Fig. 1

GENERIC TEST PROGRAM
PROGRAMME GENERIQUE DE TEST

21
MEASURE TRANSMISSION RATE -
MESURE VITESSE TRANSMISSION —*“\\/ 25
POSITION POINTER
POSITIONNEMENT POINTEUR 4+
N 26
READ
LECTURE ]
N 2e
WRITE
ECRITURE T 23
EXECUTE
EXECUTION T 24
Fig. 2
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PREFERRED EMBODI VENT In this description said generic programis a
generic test program for exanple, and said read only mmrymg%glﬁi ?elmpﬁeplaced

this generic programis a mask- progranne%zgmry programed oneA
c g

all during manufacture of said integrate uit. The inve ",
concerns a mcrocontroller integrated circuit (referred to si
m crocontroller in the remain- der of the description). FIG 1 shows one
speci fi c enbodi ment ~ef~"s—m . cr ocon- tion and a system
12 based on the m cffQCANLr gl L en The SpeCIi I c [enb@dL mgnt t he
mcrocontrol ler 11 {c9@| Piifded ﬁ'hi NeuNS n'NareNZS hdly a
processor core 13; - Eskeprogragmed -read—onty—rrenory—i—pf ogr amed
\VJ
\ - —
31
Fig. 3
— N
S2|S1|ds|d7|def{ds|{ds{d3jde|{di|D
N\ N, A
41
Fig. 4

Test Station bo Microcontroller

Station de Test vers Microcontroleur

olojofolofoj1]o}f_ 5

ololoj1lolol1]o0 52

Fig. 5

Tesk Station to Microcontroller
Station de Test vers Microcontroleur

11000000—\/8‘] Fig. 8
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-9- once and for all during manufacture of the m crocon-
trold er, and a UART (universal asynchronous receiver/transmtter) 15.
The ot her data processing and/ or storaggﬁi ces enabling the

m crocontrol ler 11 to-le?ﬁ S aftachxt er o the rrmtlteoc@@ﬁtglgnéker 11 in
e latt

this exanple, and w er constitute the ?c gl | er - based

system12. In this s Meceogeatreiie he data p 55-7}9 °§‘c or age

devi ces are: Statron de Test ) Microcontréleur N\
vers Microcontréleur vers Station de Test

of]1fo]ofofo]1]1]H_ &1

65 T Ix Ix x| x| x]|x]x]|x
1 /
Fig. 6
Test Station to Microcontrotler
Station de Test vers Microcontroleur
N
71
1{0(o0jo0fo|1]0{0|—__
ojololofolojo]of—_ 7%
o{ojo|ojolo]o|0O}~_ "3
olololofofojolo|l—_"*
olojolojolo|olo{—_ 7"
ofojojojofojo|o}f~_ 7"
! /
T Fig. 7

-'nus ﬁliee?c Has Beeh Repliced *

L*HIIIIIHIIIM i




a reprogrammabl e read only nmenory (REPROM 16 whi ch cap_be_ proaranmmed
-npr£ than once after nmanu- facture of the m crocontrol f '
storing the application programexecuted by the m croco%EPi:%?mgﬂ%H%Ef
and defining the function of the latter and nore gen- Br aIIy
function of the system 12 as a whol e; a random access nefyio 8
during execution of a program by theim crocontroller 1f; a clock. .18,
two peripheral devices 19, 110. Cearly the m crocontroljer of the
hus....L.n..other

i nvention i s not restrlct
enbodi nents, all or sone k% %@ ﬁ
t hrough 110 can be int engIB@

types of data processi ng GQANFAEYENGgA GE\NEBJQBWA

ge devices 16
i kew se, other
ernal or

external to the mcrocontroller 11)

This is a continuation of application Ser. No. 08/272,073
filed Jul. 8, 1994, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The field of the invention is that of electronic integrated
circuits. ’

2. Description of the Prior Art

To be more precise, the invention concerns a microcon-
troller integrated circuit. A microcontroller is usually a VLSI
(Very Large Scale integration) integrated circuit containing
all or most of the components of a “computer”. Its function
is not predefined but depends on the program that it
executes, with the result that in respect of potential appli-
cations it is very much a general purpose device.

A microcontroller necessarily comprises a processor core
including a command sequencer (which is a device distrib-
uting various control signals to the other components
according to the instructions of a program), an arithmetic
and logic unit (for processing the data) and registers (which
are specialized memory units).

The other components of the “computer” can be either
internal or external to the microcontroller, however. In other
words, the other components are integrated into either the
microcontroller or auxiliary circuits. _

These other components of the “computer” are data
processing and/or storage devices, for example read only or
random access memory containing the program to be
executed, clocks and interfaces (serial or parallel).

As a general rule, a system based on a microcontroller
therefore comprises a microchip contazmng the microcon-
troller, and a plurality of microchips containing the external
data processing and/or storage devices which are not inte-
grated into the microcontroller, A microcontro]ler-based
system of this kind comprises, for example, one or more
printed circuit boards on which the microcontroller and the
other components are mounted.

It is the application program, i.e. the program which is
executed by the microcontroller, which determines the over-



can be used. The mask-programred read only nenory of.the.m cra:
controller 11 contains a generic test program | n a} REPLACERENT HapgT nENt
a sinplified block diagramof which is showmn in FIG P, .the-generi.c.test

program 21 conprises a plurality of basic functions ihc u I 1G ;
qsq](%%%é@e I C

readi ng of data stored in some data processing and/ or es,
such as the reprogrammable read only - 2wmenory 16, the!
menory 17 or the peri pheral devices 19, 110; 23} witing of data §n

sonme data processin : ' uc SS
rorory 17 o1 the i oReior o dficrpcod il Sy sl LS ARERRRRN T e
programwitten int 8“85@“&5 thezefgre specific dp 4 separats applicaHORt or age devi ces
such as the random In anast scurnentoapplicétions Ithe tapplicatidw progrin ihe generic
test program 21 al sfpo large to be held in the microcontroller and is therefore

stored in a memory external to the microcontroller. This

program memory, which has only to be read, not written, is

generally a reprogrammable read only memory (REPROM),

After the application program has been programmed in
memory and then started in order to be executed by the
microcontroller, the microcontroller system may not func-
tion as expected.

In the least unfavorable situation this ts a minor dysfunc-
tion of the system and the microcontroller is still able to
dialog with a test station via a serial or parallel interface.
This test station is then able to determine the nature of the
problem and indicate precisely the type of correction (soft-
ware and/or physical) to be applied to the system for it to
operate correctly.

Unfortunately, most dysfunctions of a microcontroller-
based system result in a total system lock-up, preventing any
dialog with a test station. It is then impossible to determine
the type of fault, i.e. whether it is a physical fault (in the
microcontroller itself, in an external read only memory, in a
peripheral device, on a bus, etc) or a software fault (i.e. an
error in the application program). The troubleshooting tech-
niquc usually employed in these cases of total lock-up is
based on the use of sophisticated test devices requiring the
application of probes to the pins of the various integrated
circuits of the microcontroller-based system under test.

There are various problems associated with the use of
such test devices for troubleshooting a microcontroller-
based system. The prebes used in these test devices are very
fragile, difficult to apply because of the small size of the
circuit and their close packing, and may not make good
contact with the circuit.

Also, because of their high cost, these test devices are not
mass produced. Consequently, faulty microcontroller-based
systems cannot be repaired immediately, wherever they
happen to be located at the time, but must first be returned
to a place where a test device is available.

Troubleshooting a microcontroller-based system in this
way is time-consuming, irksome and costly.

To avoid the need for direct action on the microcontroller-
based system each time the application program executed by



conprises two other basic functions, nanely measurenent

-10-

of a transm ssion speed (25) and positioning

: "
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These functions are described in detail bel ow. TheREFLABEMENT &HEESr bgr am
21 is used to verify and validate either the m crog¢omptrotter
the mcrocontroller 11 and its environment (i.e. the m'1c§ ogphtgan | ler i based

syst em

-3 -

+4t—ationg or

the microcontroller of the system is changed/itis standard |

practise to use a downloadable read only memory to store
the application program, a loading program being written
into a mask-programmed read only memory of the micro-
controller. The mask-programmed read only memory of the
microcontroller is integrated into the microcontroller and
programmed once and for all during manufacture of the
microcontroller.

To change the application program the microcontroller is
reset by running the downloading program. This download-
ing program can then communicate with a workstation
connected to the microcontroller by an appropriate trans-
mission line, this workstation containing the new application
program to be written into the microcontroller. The down-
loading program receives the new application program and
loads it into a read only memory external to the microcon-
troller.

Although this solution avoids the need for direct action on
the microcontroller-based system (which would entail
removing from the system the reprogrammable read only
memories containing the application program, writing into
these memories the new application program using an

appropriate programming device and then replacing them in

the system), it nevertheless has a major drawback, namely
specialization of the microcontroller during manufacture.

Each type of reprogrammable memory is associated with
a different downloading program because the programming
parameters (voltage to be applied, duration for which the
voltage is to be applied, etc) vary with the technology
employed. The downloading program is written once and for
all into the mask-programmed intemal memory of the
microcontroller and the latter is therefore restricted to using
memory components of the type for which this downloading
program was written. In other words, the microcontroller is
not a standard component and this increases its cost of
manufacture.

One object of the invention is to overcome these various
drawbacks of the prior art.

To be more precise, an object of the invention is to
provide a microcontroller circuit which can verify quickly,
simply, reliably and at low cost the operation of a system
based on the microcontroller.

Another object of the invention is to provide a microcon-

troller integrated circuit which can accurately locate the
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SUMMARY OF THE INVENTION

These objects, and others that emerge below, are achieved
in accordance with the invention by means of a microcon-
troller integrated circuit comprising a processor core adapted
to exchange data with at least one data processing and/or
storage device, said integrated circuit comprising a read only
memory containing a generic program such as a test pro-
gram which can be executed by said microcontroller, said
generic program including a basic function for writing data
into said data processing and/or storage device or devices
and said write function being used to load a downloading
program.

- The storage and/or data processing devices are either
integrated into the microcontroller (i.e. into the microcon-
troller integrated circuit comprising the processor core) or
external to the microcontroller and integrated into separate
circuits. '

In a preferred embodiment of the invention said read only
memory containing the generic program is a mask pro-.
grammed read only memory, said mask-programmed read
only memory being programmed once and for all during
manufacture of said integrated circuit.

Thus, unlike prior art microcontrollers in which the mask-
programmed read only memory, if any, contains either an
application program (if this is small) or a downloading
program (restricted to a specific type of memory compo-
nent), the microcontroller of the invention has a mask-
programmed memory containing a generic program such as
a test program.

Accordingly, the microcontroller can be tested with its
environment, independently of the application program.
This test can be run either before the application program is
started or after the application is started if the system in
which the microcontroller is used fails or is subject to a
dysfunction.
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storage device or devices;
writing of data in said data processing and/or storage
device or devices;
executing a program written in said data processing
and/or storage device or devices.
The generic program such as a test program can therefore
be very small in size and thus readily integrated into the
microcontroller.
These three basic functions provide for complete testing
of the microcontroller alone or with its environment,
Said data processing and/or storage device or devices are
advantageously selected from the group including:

reprogrammable read only memories, programmable
more than once after fabrication of said integrated
circuit;
" random access memories;

clocks;

peripheral devices.

The read function is used to verify the content of the read
only memory storing (or for storing) the application pro-
gram, to test the information acquired by the various periph-
eral devices and, in combination with the write function, to
test the validity of the random access memory.

The write function, which advantageously does not use
any random access memory, is used to validate the various
peripheral devices and the random access memory. It can
load any program into the random access memory, including
a more powerful self-test program (after verifying that the
microcontroller and its environment are capable of execut-
ing the basic functions correctly), or any program for
downloading the read only memory enabling dynamic adap-
tation of the microcontroller-based system by modification
of its application program. The fact that any downloading
program can be written into random access memory is very
important because this means that the microcontroller of the
invention is not restricted to a specific type of memory
component: the microcontroller of the invention is a stan-
dard and therefore low cost product.

The execute function is used to execute a program written
in random access memory by the write function.
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The set of three functions can be used to carry out all
kinds of tests and even for troubleshooting during produc-
tion.

The integrated circuit of the invention advantageously
comprises communication means implementing a protocol
for dialog between a generic test program and a test station
connected to said integrated circuit.

The microcontroller-based system can therefore be
remotely tested from the test station, the generic test pro-
gram supplying to the test station, on request, full informa-
tion conceming the microcontroller and its environment.

The group of basic functions constituting said generic test
program preferably includes measurement of the speed at
which data is transmitted from said test station so that said
communication means can match the speed at which data is
transmitted from said integrated circuit to said speed at
which data is transmitted by said test station. This simplifies
the test station because it always transmits data at the same
speed, regardless of the speed at which the microcontroller
to which it is connected operates.

Said communication means are advantageously equiva-
lent to a universal asynchronous receiver/transmitter
(UART; conventionally incorporated in a microcontroller)
of which only the receive and transmit signals are used.

Said communication means preferably comprise a serial
interface and said generic test program receives from said.
test station messages for activating either one of said basic
functions or a pointer positioning function and sends to said
test station messages as to the result of activating one of said
elementary functions. The serial interface is an RS232
interface, for example.

Said activation messages are advantageously selected
from the group comprising:

messages specifying a predetenmned address for a current
pointer, each message comprising an address specifi-
cation command word in which the number of speci-
fication bytes is encoded and at least one data word
containing said specification bytes;

messages to read a memory from the current pointer
address, each message comprising a read command
word in which a number of bytes to read is encoded;

messages to write in a memory from the current pointer
address, each message comprising a write command

Y,
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an execute command word.

Each of said result messages advantageously comprise at
least one data word contaxmng read data. In other words, the
activation messages comprise a command word, possibly
followed by one or more data words, and the result messages

comprise one or more data

words.

Each command word and each data word advantageously
comprise at least one start bit, at least one data bit and at least
one stop bit. This secures transmission of data between the
generic test program of the microcontroller and the test

station.

Each of said command words preferably comprises eight

data bits, as follows:

two bits encoding the command word type; and
six bits encoding a number of specification bytes, bytes to

read and bytes to write, according to whether the
command word coded in the other two bits is respec-
tively a specification command word, a read command
word or a write command word.

In an advantageous embodiment of the invention said
integrated circuit comprises a pin for starting said generic
program such as a test program, said generic program such
as a test program being started when said start pin is excited
after said integrated circuit has been reset. The start pin is
used to tell the microcontroller that it must switch to test
mode, i.e. start execution of the generic test program.

The invention also concerns a method of manufacturing a
microcontroller integrated circuit comprising a step of etch-

ing

a mask-programmed read only memory containing said

generic program such as a test program.,

The invention also concerns an integrated circuit test
station for testing an integrated circuit of the invention, said
station comprising means for transmitting activation mes-
sages and receiving result messages. Other features and
advantages of the invention will emerge from a reading of
the. foHowmg description of a preferred embodiment of the
invention given by way of non-limiting example only and
from the appended drawings.
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FIG. 2 shows a simplified block diagram of one embodi-
ment of a generic test program as contained in the mask-
programmed read only memory of a microcontroller of the
invention.

FIG. 3 shows one embodiment of the structure of a
command word exchanged between the test station and the
microcontroller of the invention as shown in FIG. 1.

FIG. 4 shows one embodiment of the structure of a data
word exchanged between the test station and the microcon-
troller of the invention as shown in FIG. 1.

FIGS. 5 to 8 each show one example of dialog between
the microcontroller of the invention and the test station as
shown in FIG. 1, in the following respective cases:

* positioning a pointer;

* reading a memory;

* writing a memory;

* executing a program.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In this description said generic program is a generic test
program, for example, and said read only memory contain-
ing this generic program is a mask-programmed memory
programmed once and for all during manufacture of said
integrated circuit.

The invention thus concerns a microcontroller integrated
circuit (referred to simply as a microcontroller in the remain-
der of the description).

FIG. 1 shows one specific embodiment of a microcon-
troller 11 of the invention and a system 12 based on the
microcontroller 11.

In the specific embodiment the microcontroller 11 com-
prises a minimum of components namely:

a processor core 13;

a mask-programmed read only memory 14, programmed

to that of the test stariomr+ti4-

WBNQGsynchronous
Rx and

11

he
nd



The test station 111 sends to the mcrocontroller 11
one of the follow ng four basic func- tions: read 22
and position a pointer 26 of the generic test progra
generic test program 21 sends the test station 111
result of activating one of said basic functions.
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once and for all during manufacture of the microcon- -
troller, and

a UART (universal asynchronous receiver/transmitter) 15,
The other data processing and/or storage devices enabling
the microcontroller 11 to operate are external to the micro-
controller 11 in this example, and with the latter constitute
the microcontroller-based system 12. In this specific
embodiment the data processing and/or storage devices are:

a reprogrammable read only memory (REPROM) 16
which can be programmed more than once after manu-
facture of the microcontroller 11 and is for storing the
application program executed by the microcontroller 11
and defining the function of the latter and more gen-
erally the function of the system 12 as a whole;

a random access memory (RAM) used during execution
of a program by the microcontroller 11;

a clock 18;

two peripheral devices 19, 110.

Clearly the microcontroller of the invention is not
restricted to this particular embodiment. Thus, in other
embodiments, all or some of the data processing and/or
storage devices 16 through 110 can be integrated into the
microcontroller.

Likewise, other types of data processing and/or storage
devices (either intemnal or external to the microcontroller 11)
can be used.

The mask-progmmmed read only memory of the micro-
controller 11 contains a generic test program. .

In a preferred embodiment, a simplified block diagram of

which is shown in FIG. 2, the generic test program 21
comprises 2 plurality of basic functions including:

22: reading of data stored in some data processing and/or
storage devices, such as the reprogrammable read only
memory 16, the random access memory 17 or the
peripheral devices 19, 110;

23: writing of data in some data processing and/or storage
devices such as the random access memory 17 or the
peripheral devices 19, 110;

24: execution of the program written into one of the data
processing and/or storage devices such as the random
access memory 17,

In this embodiment the generic test program 21 also

comprises two other basic functions, namely measurement
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(i.e. N-1). (26). These functions are described in détail below.

The generic test program 21 is used to verify and validate
either the microcontroller 11 alone or the microcontroller 11
and its environment (i.e. the microcontroller-based system
12).

The generic test program 21 is used to test and validate
each of the components coustituting the microcontroller-
based system.

The correct operation of the microcontroller alone can be
verified in a first phase, i.e. before it is introduced into the
system 12 in order to cooperate with the data processing
and/or storage devices 16 through 110. The correct operation
of the system 12 as seen by the microcontroller can be
verified in a second phase.

These two preliminary test and validation phases do not
require the presence of an application program in memory
(read only memory 16 or random access memory 17). All
that is required is to tell the microcontroller 11 that it must
switch to test mode, in which mode it executes the generic
test program (as contrasted with the normal operating mode
in which it executes the application program contained in
memory). In one specific embodiment of the invention the
microcontroller 11 comprises a start pin (not shown) and the
generic test program is started when this start pin is excited
after the microcontroller has been reset.

Note that the microcontroller 11 and its environment
(external devices 16 through 110) can also be tested and
validated in the event of a dysfunction of the system 12
during execution of the application program.

Finally, the write basic function 23 can write into random
access memory a test (or self-test) program that is more
complex than the generic test program 21 but whose correct
execution presupposes that the microcontroller 11 and its
environment are operational in respect of execution of the
basic functions 22 through 24,

The application program, i.e. the program executed by the
microcoatroller 11 and which confers its function on it, is
usually written into a memory after the microcontroller 11
and its environment have been tested and validated.

The generic test program 21 of the microcontroller of the
invention offers various ways to store the application pro-
gram in memory.

A first way is to store the application program directly in
random access memory 17 using the write basic function 23,

jr—k
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read only memory 16. Clearly any type of downloading
program (and thus any type of reprogrammable memory)
can be used because the generic test program writes it into
the random access memory 17 like any other program (in
other words, the content of the program written is transpar-
ent insofar as the write function 23 of the generic test
program 21 is concermed). The microcontroller 11 of the
invention can therefore adapt dynamically to its application
context (through the facﬂlty for downloading of the read
only mcmory) whilst remaining a standard product (in that
there is no limitation as to any specific type of reprogram-
mable memory).

Referring to FIG. 1, the microcontroller 11 is usually
connected to a test station 111, by an RS232 seral link, for
example, To this end the microcontroller and the test station
each comprise communication means for implementing a
dialog protocol. The test station 111 is 2 microcomputer, for
example.

In the specific embodiment of the invention shown in
FIGS. 1 and 2 the generic test program 21 comprises a basic
function 25 for measuring the transmission speed from the
test station 111; The transmission speed of the communica-

" tion means 15 of the microcontroller 11 is then made equal
. to that of the test station 111, and is therefore independent of

the clock 18 of the system 12. The communication means 15
are equivalent to a UART (Universal Asynchronous
Receiver/Transmitter), for example, of which only the
receive signal Rx and transmit signal Tx are used.

One example of a protocol for exchange of data between
the microcontroller 11 and the test station 111 is now

_ described with reference to FIGS. 3 through 8.

The test station 111 sends to the microcontroller 11
messages to activate one of the following four basic func-
tions: read 22, write 23, execute 24 and posmon a pointer 26
of the generic test program 21.

In return, the generic test program 21 sends the test station
111 messages as to the result of activating one of said basic
functions.

An activation message comprises a command word, pos-
sibly followed by one or more data words. A result message
comprises one or more data words.
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address specified is 123456 and each digit specifying

on four bits. Accordingly the test station first sends} a co(réjﬁgd wortd {S1
1987 t hat

indicating that this is a pointer positioning command |(Gclfo

the address is coded on N=3 bytes (N6 to N1=(10) binarjy=2=N1). .f.0l ] oWed
three data words 52 through 54 containi ng ftzhe address,j(0001, 0010, 0011,
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prises a start bit D, a data byte 31 comprising six bits N1
through N6 encoding the command word type and two stop
bits S1, S2. .
The codes for the command word type are as follows:

00: position pointer command 26;
01: read command 22;
10: write command 23;

11: execute command 24.

FIG. 4 shows one embodiment of the structure of a data
word. In this example a data word comprises a start bit D,
a data byte 41 and two stop bits S1, S2.

The number coded in binary in bits N1 through N6 is one
less than the number of bytes to be coded (N) (i.e. N-1).

The number N to be coded is:

a number of bytes in which is specified the address at
which a current pointer must be positioned in the case
of a pointer positioning command word;

a number of bytes to be read from the current pointer

~ address in the case of a read command word;

a number of bytes to be written from the current pointer
address in the case of a write command word. -

Each of FIGS. 5 through 8 shows one example of dialog
between the microcontroller of the invention and the test
station. To simplify the diagrams only the data bytes are
shown (the start bits D and the stop bits S1, S2 do not convey
any data).

FIG. 5 shows the situation of specification by the test

"station of an address to which the current pointer of the
microcontroller is to be positioned, the address specified
being the memory address from which one of the three basic
functions (read, write, execute) is to be executed. '

In this example the address specified is 123456 and each
digit specifying the address is coded on four bits.

Accordingly the test station first sends a command word
S1 indicating that this is a pointer positioning command
{C2C1=00) and that the address is coded on N=3 bytes (N6
to N1=(10) binary=2=N-1), followed by three data words 52
through 54 containing the address (0001, 0010, 0011, 0100,
0101 and 0110 respectively corresponding to the coding of
1,2,3.4,5 and 6). .

FIG. 6 shows the situation in which the test station
commands reading of bytes by the microcontroller from the
current pointer address.

d
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read (C2Cl=01) and that there are N=4 (N6 to N1=( Inﬂa{#ﬁ%%ﬁ@ bytes to
read. The m crocontroller thcn sends the test stal &“Faur- dat alwor ds
62 through 65 containing the data read (bits denoted x to mt Iny
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of bytes by the mcrocontroller fromthe current poiinter
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In this cxamplc the station sends a command word o
indicating a rcad (C2C1=01) and that there arc N=4 {Né to
N1=(11) binary=3=N-1) bytes to read. The microcontmiec
then scnds the test station the four data words 62 thrmgh‘s
containing the data rcad (bits denoted x to indicaia 21y
value). -

FIG. 7 shows the situation of the test station commantng
writing of bytes by the microcontroller from the curvent
pointer address.

In this example the test station first sends a commsnd
word 71 indicating a write (C2C1=10) and that there 3r
N=5 (N6 to N1={100) binary=4=N-1) bytes to wrie. fol-
lowed by five data words 72 through 76 containing the data
to be written (0 for all the bits in this example).

FIG. 8 shows the situation of the test station commanding
execution by the microcontroller of a program stored from
the current pointer address. Accordingly, the test sation
sends a command word 81 indicating execution (C2C1-1t*

The invention also concerns a method of manufacturing 4
microcontroller integrated circuit as described above by
means of one specific embodiment. This method compases

~ a step of etching the mask-programmed read only memexy
containing the generic test program.

There is claimed:

1. A microcontroller integrated circuit, comprising:

a processor core, adapted to exchange data with at lest

one.data processing or storage device, and

a read only memory containing a generic program which

can be executed by said microcontroller,

said generic program including a basic function for wri

ing data into said data processing or storage dewvice.
said data processing or storage device containing a down-

loading program stored under control of said genenc

program. .

2. The integrated circuit according to claim 1 wherein said

generic program further comprises a basic function for
reading data stored by said data processing or storagc
device.
. 3. The integrated circuit according to claim 1 wherein said
generic program further comprises a basic function for
executing a program written in said data processing Of
storage device. )

4. The integrated circuit according to claim 1 wherein said
data processing or storage device is selected from the group
consisting of: ' o T

|
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This method conpases ajgdiefing a etach{Q2C15@1 yarsk that esgrorare N=4iNb | y nenory
containing the genericpegl1PbiadrB=N-1) bytes to read. The microcontefec

then scnds the test station the four data words 62 through
containing the data read (bits denoted x to indicaia 80
value).

FIG. 7 shows the situation of the test station commanting
wnung of bytes by the microcontroller from the curvent
pointer address,

In this example the test station first sends a commund
word 71 indicating a write (C2C1=10) and that there @
N=5 (N6 to N1=(100) binary=4=N-1) bytes to wriwe. fol-
lowed by five data words 72 through 76 containing the dsta
to be written (0 for all the bits in this example)

FIG. 8 shows the situation of the test station com
execution by the microcontroller of a program stored from
the current pointer address. Accordingly, the test station
sends a command word 81 indicating execution (C2C1-11).

The invention also concerns a method of manufacturig 4
microcontroller integrated circuit as described above by
_.means of one specific embodiment. This method compases

a step of etching the mask-programmed read only memexy
oontaxmng the generic test program.

There is claimed:

1. A microcontroller integrated circuit, comprising:

a processor core, adapted to exchange data with at ledst
one.data processing or storage device, and

a read only memory containing a generic program which
can be executed by said microcontroller,

said generic program including a basic function for wrie
ing data into said data processing or storage device.

said data processing or storage device containing a down-
loading program stored under control of said generic
program.

2. The integrated circuit according to claim 1 wherein said

generic program further comprises a basic function fur

reading data stored by said data processing or storage

device.

. 3. The integrated circuit according to claim 1 whercin said

generic program further compnses a basic function for

executing a program written in said data processing Ot

storage device,
4. The integrated circuit according to claim 1 wherein said

data processmg or storage devxce is selected from the group

consisting of:

g ﬂ



- 14 - There s clained: 1. A mcrocontroller integrated circuit,
conprisin cessor core, adapted to exchange o t

one data p
a generic mﬁ
sai d generi k

age devi ce, and a read Drﬂ%PWE F
; can be executed by said

control |l er
og¥ aml | rfcl Udi'ng a basic function for vr| g g BEC

Into said data processing or storage dev¢id4 - said datg processing

storage devi ce contai ning a down-

of said genetic

P Ogogrammable read only memories wﬂ:
grammed more than once after manufacture of said
Integrated circuit;

random access memories;

clocks; and '

peripheral devices.

S. Integrated circuit according to claim 1 further compris-
ing communication means implementing a protocol for
dialog between a generic test program and a test station
connected to said integrated circuit.

6. Integrated circuit according to claim § wherein said
generic test program also comprises measurement of the
speed at which said test station transmits data so that said
communication means can match the speed of transmission
of data from said integrated circuit to said speed at which
data is transmitted by said test station.

7. Integrated circuit according to claim 5 wherein said
communication means are equivalent to an asynchronous
receiver/transmitter of which only the receive and transmil
signals are used.

8. Integrated circuit according to claim § whercin said
communication means comprisc a serial interface and said
generic test program receives from said test station messages
for activaﬁng cither one of said basic functions or a pointer
positioning function and sends to said test station messages
as to the results of acuvaung onc of said basic functions.

9. Intcgrated circuit according to claim 8 wherein said
activation messages are selected from the group comprising:

messages specifying a predetermined address for a current
pointer, each message comprising an address specifi-

cation command word in which is encoded the number
of specification bytes and at least one data word con-
taining said specification bytes;

messages to read a memory from the current pointer
address, each message comprising a read command
word in which a number of bytes to read is encoded;

messages 0 write a memory from the current pointer
address, each message comprising a write command
word in which is encoded a number of bytes to write
and at least one data word containing said bytes to
write;

messages to execute a program stored in a memory from
the current pointer address, each message comprising
an execute command word. o

| oadi ng programStored under

cont r ol

T‘ms Sheet Has Been Replaced ,
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2. The integrated circuit according to claim1 wherein s%FPq"Sé*WE?‘TcSHﬁEEg
f ur her anction for reading data sto sald dat g
écbdﬂﬁlﬁ: 38% o

processing or storage 3. The integrated ci rcug)
claim 1 m program further conprises asic function f

executln in said data processi ng or{storage device.
The int egraf ecf citcuit accofdi ng to cl-aiin-1 wherein sald_data_processin
storage device is selected fromthe group con5| sting of reprogram‘rabl e

readf onlty rrerr]?rl es i pﬁte elr&igaccordm Badice after
manufacture of saigg m S nori es,;
cl ocks; and per| het: alregdgw C &H&ﬁHscs a Ié’agpone &(ige“s, dm

11. Integrated cu'cuit according to claim 9 wherein each
command word and each data word comprises at least one
start bit, at least one data bit and at least one stop bit.

12. Integrated circuit according to claim 11 wherein each
command word comprises eight data bits as follows:

two bits encoding the command word type; and

six bits coding a number of specification bytes, a number
of bytes to read and a number of bytes to write
according to whether the command word coded in the
other two bits is respectively a specification command
word, a read command word or a write command word.

13. Integrated circuit according to claim 1 further com-
prising 2 pin for starting said generic test program, said
generic test program being started when said start pin is
excited after said integrated circuit has been reset.

14. Integrated circuit according to claim 1 wherein said
read only memory containing the generic program is a
mask-programmed read only memory programmed once
and for all during manufacture of said integrated circuit.

15. The integrated circuit according to claim 14 wherein
said mask-programmed read only memory is an etched read
only memory device.

16. Integrated circuit test station for testing an integrated
circuit according to claim 1 further comprising means for
transmitting activation messages and means for receiving
result messages.

17. A microcontroller-based system comprising:

a microcontroller having a processor core and a read only

memory; and

a storage device;

said processor core being adapted to exchange data with

said storage device;

said read only memory containing a generic program

which is executable by said processor core;

said generic program including a writing function for

writing a downloading program into said storage
device;-

said downloading program mciudmg a function for down-

loading an application program into saxd xmcrocont.rol-
ler-based system,; R

Th:s Sheet Has Been Rep
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5. I'ntegrated circuit

according to claim1 further cemprts=
communi cation—meaRs—miprenmenting a protocol for dial d’}.}ﬁﬁ’éﬁﬁgﬁﬁﬁﬁ Séﬁﬁﬁr c
matlon connected to said infegrated-crrTuit].

ng to claimb5 wherein saidgéngrg HER3870r
renent of the speed at which sai ¢ gest station

transmts data so that said conmunicati onjgreans can pa
transm ssion of data fromsaid integrated circuit to

I ntegrate

test progra \%
al so conpt#® '

sai d speed at whigh

data is transmtted by said test station. 7. Integ atea cITcurt accordi ng

to claim5 wherein saisiid sworagd daiu:eaomﬁnaganﬁ downivadingiprbfram

asynchronous recei ver/t rma\ﬁﬁ | v and transmt
d¥r dntrdliof accgé’nfdbep{o??ﬁr

te.rated? ui t |m5 wherein said
o o FEEFOt bl ler- Bk SYSIETD CamAiBing s Applic. t ect
program recci ves from s&atonduegem siarad uadenemrol of said download-

signals are used.
comruni cati on nmeans ¢

ing program.
18. The microcontroller-based system as set forth in claim

17, wherein:

said application program is stored in a respective storage
device, said respective storage device being physically
distinct from said storage device containing said down-
loading program.

19. The microcontroller-based system as set forth in claim

18, wherein said storage device containing said download-
ing program and said respective storage device containing
said application program are each selected from the group
consisting of:

reprogrammable read only memories which can be pro-
grammed more than once after manufacture of said
integrated circuit;

random access memories;

clocks; and

peripheral devices.

20. A method for storing an application program in a
microcontroller-based system, said method comprising the
steps of:

storing a generic program in a read only memory of a

microcontroller, said generic program having a write
function for storing a downloading program into a
storage device;

then executing said generic program to store said down-

loading program into said storage device, said down-
loading program having a function for downloading
said application program; and

then executing said downloading program to download

said application program in said microcontroller-based
system.

TmsSheet Has Been Replaced

g



-15- for activating either one of said basic functions or a inter
positioning function and sends to said test station nessages
the results of activating onc of said basic function
Integrated circuit according to claim@8 wherein said
messages are selected fromthe group conprising:
specifying a predeterm ned address for ajgusrent
nmessage conpri sing an address specifi- cat
whi ch i s encoded t he nunber of specificatig

one data word con-
MICROCONTROLLER INTEGRA
CIRCUIT WITH READ ONLY MEMORY
CONTAINING A GENERIC PROGRAM

ABSTRACT

A microcontroller integrated circuit comprises a processor
core which exchanges data with at least one data processing
and/or storage device. The integrated circuit comprises a
mask-programmed read only memory containing a generic
program such as a test program which can be executed by
the microcontroller. The generic program includes a basic
function for writing data into the data processing and/or
storage device or devices. The write function is used to load
a downloading program. Because a downloading program is
not permanently stored in the read only memory, the micro-
controller can be tested independently of the application
program, and remains standard with regard to the type of
memory component with which it can be used in a system.



taining said specification bytes; nessages to read a nmenory from

t he current pointer address, each nessage conprising a read
comand word in which a nunber of bytes to read is encoded,
nmessages to wite a nenory fromthe current pointer addr ess,
each nessage conprising a wite command et Tt
encoded a nunber of bytes to wite and af REPASDEW E@To%ﬂ@“f rd
containing said bytes to Wite; I messayes 10 execute a
program stored in a nenory from o the currént gnﬂEB 19%r gss,
each nmessage conpri sing an execute commapd jwo 0.
I ntegrated cj ccarding to.claim8 wherein eaghh of~sard result
messages conppCROCONTROLUER=BASED SYSTEMt a wor d t4i ni ng read dat a.
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start bit, at least one data bit and at |east one stop bit. 12.
Integrated circuit according to claim 1l wherein each comand word

Command word type. and - o s bits coding & nqnbBRAGERENICHEET i on

byt es, a nunber of bytes to read and a nLnter of Eﬁtes th wite
according te whether the comuand word coded in the g b rityo

bits is respectively a specification commapd Word a_lea
command word or a wite comuand word. 13. lintegrated circuit

according to claim1l further com prising a lr_r.g_j_p,r___s_t,ar_u,ng_,,sﬁid

generic test program generic testAgr ogram bei ng started when

r\" ‘_f

said start pi b>w +-e6 St t has been
reset. ébga%@ Ilrspé&t e@zqr@p Ns ENg MEN; glleﬂm Dﬂgerer n said

pdgs sk- programmed

read only nenory cont ; p-dg
read only nmenory programmed onc and for all durrng\nénufacture of
said integrated circuit Vs
31
Fig. 3
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15. The integrated circuit according to claim14 wherein sai d

mask- programmed read only nenory is an etched read.

devi ce.

recei ving result nessages. 17. A mcrocontroll erba
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a m.crocontroller having a processor core and a read only menory; and
a storage device;  said procéssor core being adapted to exchange data with
sai d storage devi‘ce; said read only nmenory containing a generic program
which is executable by said processor core; sai d generic program
including a witing function for witing a downl oading programinto
sai d storage devi ce; sai d downl oadi ng program i ncluding a function
for down- | oadi ng an applicatiQyprograminto said mcrocontrol -
| er - based system sai d storage device containing said downl oadi ng program
stored under control of said generic program and sai d
ni crocontrol | er - based [sythiseoxaopteathd sgtisai stndpd command wakd 8% progr am
stored under controlis8fcatiagd @ad(C2QL=01) and that there arc N=4 (N6 to
N1=(11) binary=3=N-1) bytes to read. The microcontroller
then scnds the test station the four data words 62 thrugh 65
containing the data rcad (bits denoted x to indicate any
valuc). - -
FIG. 7 shows the situation of the test station €ommanding
writing of bytes by the microcontroller from the eurrent
pointer address. X
In this example the test station first sends a command
word 71 indicating a write (C2C1=10) and that there are
N=5 (N6 10 N1=(100) binary=4=N-1) bytes to write, fol-
lowed by five data words 72 through 76 containing the data
to be written (0 for all the bits in this example).
FIG. & shows the situation of the test station commanding_
execution by the microcontroller of a program §tored from
the current pointer address. Accordingly, the test gtation
sends 2 command word 81 indicating execution (C2C1-1t%
The invention also concerns a method of manufactucwg 2
microcontroller integrated circuit as described above Y
means of one specific embodiment. This method compases
" a step of etching the mask-programmed read only memory
containing the generic test program.
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I ng prograMﬁeont rol | er-based syst nﬁE‘%L@SMENM*#ﬁT
%7, wherein: l,!l ﬂlﬁ]’ ibn programis stored | respecti vej s
devi ce, said ﬁﬁ mge devi ce bei ng physi )/Z § 0CTd888 i hcf
sai d storage deV| cet cdnt al nk

m crocontrol | er-based systemas set $qQath in clai
st orage devi ce containing said dowl oad- ing prod

g said down- | oa | program

1

m§ 18, wherein said
and said respe

claim
or age

from
). The

btive

storage device cont aifhefgis &idirfegpPp! i cati on program are each selected from
the group consisting gf croc m&a ries which can be
pro- gramed nore an gﬁ@e gt; er> manu acﬁhre c# g?

integrated circuit;

a mm%saﬁ §8FR. Adapted eeexshaage data with:al

one.data processing or storage device, and

a read only memory containing a generic program which

can be executed by said microcontroller,
said generic program including a basic function for wrie
ing data into said data processing or storage device.

said data processing or storage device containing a down-
loading program stored under control of said geretic
program.

2. The integrated circuit according to claim 1 wherein said
generic program further comprises a basic function for
reading data stored by said data processing or storugc
device.

3. The integrated circuit according to claim 1 whercin said
generic program further compnses a basic function for
executing a2 program written in said data processing Of
storage device.

4. The integrated circuit according to claim 1 wherein said
data processing or storage device is selected from the group
consisting of:

reprogrammable read only memories which can be pro-

grammed more than once after manufacture of said
integrated circuit;

random access memories;

clocks; and

peripheral devices,

$. Integrated circuit according to claim 1 further compris-
ing communication means implementing a protocol for
dialog between a generic test program and a test station
connected to said integrated circuit.

6. Integrated circuit according to claim § wherein said
generic test program also comprises measurement of the
speed at which said test station transmits data so that said
communication means can match the speed of transmission
of data from said integrated circuit to said speed at which
data is transmitted by said test station.

7. Integrated circuit according to claim § whercin said
communication means are equivalent o an asynchronous
receiver/transmitter of which only the receive and transmit
signals are used.

8. Integrated circuit according to claim 5 whercin said
communication means comprisc a serial interface and said
generic test program receives from said test station messages

and



peri-pheralr devites:

?e? rhl)Sgci?Hﬂﬂ[} ;mmmmgf o o ng e gener  prod aep e
nory c 0

A1 CX 0CO |ler, said generic program havih
funct | on for storing a downl oadi ng pfgp.gram i ntg ag 721 \ﬁrﬁﬁﬁ%
for acuvzmng cither onc of said basic functions or a gointer
positioning function and sends to said test Station mefsages
as 1o the results of activating onc of said basic functions.
9. Integrated circuit according to claim 8 wherein said
activation messages are selccted from the group comprising:
messages specifying a predetermined address for a current
pointer, each message comprising an address specifi-
cation command word in which is encoded the number
of specification bytes and at least one data word con-
taining said specification bytes;
messages to read a memory from the current pointer
address, each message comprising a2 read command
word in which a number of bytes to read is encoded;

messages to write a memory from the current pointer
address, each message comprising a write command
word in which is encoded a number of bytes to write
and at least one data word containing said bytes to
write,

messages o execute a program stored in a memory from
the current pointer address, each message comprising
an execute command word.

10. Integrated circuit according to claim 8 wherein each
- of said result messages comprises at least one data word
containing read data,

11. Integrated circuit according to claim 9 wherein each
command word and each data word comprises at least one
start bit, at least one data bit and at least one stop bit.

- 12. Integrated circuit according to claim 11 wherein each
command word comprises eight data bits as follows:

two bits encoding the command word type; and

six bits coding a number of specification bytes, a2 oumber
of bytes to read and a number of bytes to write
according to whether the command word coded in the
other two bits is respectively a specification command
word, a read command word or a write command word.

13. Integrated circuit according to claim 1 further com-
pnsmg a pin for starting said generic test program, said
generic test program being started when said start pin is
excited after said integrated circuit has been reset.

14. Integrated circuit according to claim 1 wherein said
read only memory containing the generic program is a
mask-programmed read only memory programmed once
and for all during manufacture of said integrated circuit.

15. The integrated circuit according to claim 14 wherein

said mask-programmed read only memory is an etched read
only memory device.




st or-age thl ng said generic programto store said down-

l;oadi ng pr t orage device, said down- | oadi ng program
haV| ng a f WOadi ng - said application program and t hen
executing sal d ddwnl*oadi ng” programto downl oad sai d application program
in said mcrocontroll er-based systlgm

16. Integrated circuit test station for testing an integrated
circuit according t6 claim 1 further comprisifig means for
transmitting activation messages and means for receiving
result messages.

17. A microcontroller-based system comprising:

a microcontroller having a processor core and a read only
memory; and

a storage device;

said processor core being adapted to exchange data with
said storage device;

said read only memory containing a generic program
which is executable by said processor core;
said generic program including a writing function for

writing 2 downloading program into said storage
device;"

said downloading program including a function for down-
loading an application program into said microcontrol-
ler-based system;

said storage device containing said downloading program
stored under control of said generic program; and

said microcontroller-based system containing said appli-
cation program stored under control of said download-
ing program.
18. The microcontroller-based system as set forth in claim
17, wherein:

said application program is stored in a respective storage
device, said respective storage device being physically
distinct from said storage device containing said down-
loading program.

19. The microcontroller-based system as set forthin clzum
18, wherein said storage device containing said download-
ing program and said respective storage device containing
said application program are each selected from the group
consisting of:

reprogrammable read only memories which can be pro-

grammed more than once after manufacture of said
integrated circuit;
random access memories;
clocks; and

peripheral devices. REPLAGEMENT SHEET

21 0CT 1998
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20. A method for storing an applicatién program in a
microcontroller-based system, said method comprising the
steps of:

storing a generic program in a read only memory of 2

microcontroller, said generic program having a write
function for storing a downloading program into a
storage device;

then executing said generic program to store said down-
loading program into said storage device, said down-
loading program having a function for downloading
said application program; and

then executing said downloading program to download
said application program in said microcontroller-based
system.

.
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MICROCONTROLLER INTEGRATED
CIRCUIT WITH READ ONLY MEMORY
CONTAINING A GENERIC PROGRAM

ABSTRACT

A microcontroller integrated circuit comprises a processor

core which exchanges data with at least one data processing
and/or storage device. The integrated circuit comprises a
mask-programmed read only memory containing a generic
program such as a test program which can be executed by
the microcontroller. The generic program includes a basic
function for writing data into the data processing and/or
storage device or devices. The write function is used to load
a downloading program. Because a downloading program is
not permanently stored in the read only memory, the micro-
controfler can be tested independently of the application
program, and remains standard with regard to the type of
memory component with which it can be used in a system.




