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ther signal to the internal bus in the first mode, and the connection means
is arranged to couple electri- Generally, a processor is only integrated
and   cally the central processing unit to the internal bus in formed on
one semiconductor substrate in a general  the first mode and to uncouple
electrically the central purpose multichip microprocessor. As described on
5   processing unit from, the internal bus in the second pages 540and 541
of "LSI HANDBOOK" published by    mode OHM Corp. on Nov. 30th in 1984, a
central processing  In FR-A-2406250, the further signals are data unit a
read only memory (ROM) forstoring programs,  signals. Furthermore,
FR-A-2406250 does not relate a random access memory (RAM) for storing data,
and  to a data processor which is a single chip microcom- an I/O circuit
for input and output of data and other  10  puter formed on a semiconductor
substrate. functional blocks may be formed on a single semicon-   According
to the present invention, however ductor substrate. When such a system
forms a single     the data processor is a single chip microcom- chip
microcomputer, the number of wires can be sig-  puter formed on a
semiconductor substrate; nificantly reduced as compared with the case where
the at least one functional block is a plurality the system is formed by a
general purpose multichip  15  of functional blocks including a timer and a
read-only microprocessor. However, since an internal bus of the  memory;
the first and second further signals are first processor is also formed on
the semiconductor sub-  and second read/write control signals,
respectively; strate in the single chip microcomputer, the functional  and
the data processor is arranged to be selectively blocks are limited in use
and it is not possible freely  in the first mode or the second mode in
response to and directly to access the functional blocks from ex-  20  an
external test signal ([err]test) which is supplied from ternal devices.
outside the data processor. When it is not possible freely to use the
internal  By using a processor according to the present in- bus of the
single chip microcomputer from the exter-  vention address data may be
supplied to thefunction- nal devices and testing is performed on the single
al blocks from a tester for the data processor and the chip microcomputer,
it is impossible to obtain direct  25  data required forthe external
devices may be read out access and testing of the functional blocks of the
sin-  directly from predetermined areas of the functional gle chip
microcomputer from the external devices.  blocks via the buffer circuit the
testing efficiency of Hence, In order to perform testing of the functional
the functional blocks contained in the data processor block, it is
necessary to use an instruction execution  can be improved. of the central
processing unit (CPU) contained In the   30  An embodiment of the invention
will now be de- single chip microcomputer and time is therefore re-
scribed, by way of example, with reference to the ac- quired for suitable
processing steps. Therefore, there  companying drawings, in which: is a
problem in that the efficiency for testing on the  Fig. I is a system block
diagram of a single chip functional blocks should become lower.
microcomputer which is an embodiment of a data Accordingly, the present
Invention seeks to pro-  35  processor according to the present invention;
vide a data processor in which the testing efficiency  Fig. 2 is a time
chart showing input and output of the functional blocks may be improved.
timing of signals in the case where the internal FR-A-2406250 discloses a
data processor in-        bus is used as the standard bus; cluding a
central processing unit, at least one func-  Fig. 3 is a system circuit
diagram showing a con- tional block coupled to the central processing unit
by   40  crate example of a control portion which controls way of an
internal bus, a buffer circuit connected to  input and output directions of
an address signal the internal bus, and connection means for selective-  in
the buffer circuit. ly coupling the central processing unit to the internal
Fig. I is a block diagram of a single chip micro- bus; wherein
computerwhich is an embodimentofthe data proces- the central processing
unit is arranged to pro-  45  soraccording to the present Invention. The
single chip duce a first address signal and a first further signal
microcomputer shown In Fig. 1 is formed on a single to the internal bus in
accordance with a predeter-  semiconductor substrate in accordance with the
mined supply timing during a first mode of the data  known manufacturing
techniques of semiconductor processor.
integrated circuits. the buffer circuit is arranged to pass a second   50
In a single chip microcomputer (MPU), functional address signal and a
second further signal from the  blocks such as a central processing unit
(CPU), a pro- outside of the processorto the at least one functional  gram
memory ROM for storing programs, a data block via the internal bus
bypassing the central proc-  memory RAM in which data may be loaded and re-
essing unit during a second mode of the data proces-  loaded and a timer
TM, are Interconnected via an in- sorsuch that the supplytiming of the
second address   55  ternal bus IB which is used as an I/O circuit. The in-
signal and second further signal to the internal bus in  ternal bus IB is
connectable to external devices such the second mode is identical with the
predetermined  as peripheral devices via a buffer circuit BUF. supply
timing of the first address signal and first fur-  The detailed structure
of the CPU is not shown 2 
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However, when a microprogram sys-  becomes capable of inputting data
supplied from the tem is employed, the CPU has a program counter
external devices when the CPU must read data from which indicates the
address of an instruction for exe-  the external devices and the data bus
becomes capa- cution, an instruction register in which an instruction  ble
of outputting data supplied from the CPU when read out from the program
memory ROM is stored   5   the CPU must write data to the external devices.
based on the output signal of the program counter, a  Since the functional
blocks are capable, by the decoder which decodes an instruction from the
in-  use of an external tester (not shown in the drawing), struction
register and an execution part which exe-  by accessing the functional
blocks directly when the cutes an instruction based on the control signal
out-  testing is carried out on those functional blocks con- putted from
the decoder.                      10  tained in the single chip
microcomputer MCU without The Internal bus IB has a predetermined number
the CPU, Input and output of signals are controlled in of data bus(es),
address bus(es) and control bus(es).  inverted modes of the control modes
described above The present invention is not limited to specific struc-  in
a test mode. In other words, the address bus and tures of internal bus IB.
However, the Internal bus IB  the control bus are capable of inputting the
address will normally act as a standard bus whose character-  15  signal
and the control signal supplied from the tester istics are predetermined in
accordance with the in-  when the test mode is instructed by the test
signal tended use of the microcomputer. In this case a plur-  supplied from
the external tester. In addition, the data ality of timing signals are
generated sequentially  which is supplied to the data bus can be outputted
to based on asystem clocksignal which hasafrequency   external devices when
the read control signal is input- with respecttoanoscillatorfrequencyofe.g.
a crystal  20  ted as the control signal. Furthermore, the data which
oscillator (not shown in the drawing) externally cou-  is supplied from the
external devices can be inputted pled to the single chip microcomputer MCU.
to the data bus when the write control signal is input- Alternatively the
system clock signal may be supplied  ted as the control signal. from an
external device. The address signal, the data  Details of the control part
of the buffer circuit and the control signal are generated in accordance
25   BUF, which controls the input and output directions of with the timing
signals. For example, as shown in Fig.  the address signal, is shown in
Fig. 3, although the in- 2, three timing signals T1 to T3 may be used with
re-  vention is not limited to this specific structure. As il- spect to the
system clock signal CLK. Then timing is  lustrated the buffer circuit BUF
has a CMOS inverter set so that the predetermined address signal ADD is
circuit IV1 which has a p-channel MOSFET Q1 and a supplied to the address
bus in one cycle period of the   30  n-channel MOSFET Q2 as a final output
portion, with timing signal T1 and data DAT is supplied to the data  the
output terminal thereof connected to an external bus with set-up times and
hold times which are pre-  terminal P The external terminal P is connected
to an determined based on the leading edge timing of the  Input terminal of
an inverter circuit IV2 and Is also con- timing signal T3. Aread control
signal REAissupplied  nected to an address bus IAB via a docked inverter to
the control bus in the period between the trailing   35  circuit IV3 which
is connected in series to the inverter edge of the timing signal T1 and the
trailing edge of  circuit IV2. A test signal [err]-test is applied to a
control the timing signal T3. In addition, a write control signal  terminal
of the circuit The gate of the MOSFET Q1 is WRI is supplied to the control
bus in the period be-  connected to the output terminal of a double input
tween the trailing edge of the timing signal T1 and the  type NAND gate
circuit NAND, and the gate of the leading edge of the timing signal T3.
Thus, when the   40   MOSFET Q2 is connected to the output terminal of a
internal bus IB acts as a standard bus the timing man-  double input type
NOR gate circuit NOR. The input agement, determining the timing between the
exter-  terminal of the NAND gate circuit NAND is connected nal devices
(not shown in the drawing) and the inter-  to the address bus IAB and
another input terminal nal parts of the single chip microcomputer MCU, be-
thereof receives the test signal 4-test via an inverter comes extremely
simple.                       45  circuit IV4. One input terminal of the
NOR gate circuit In this case, the buffer circuit BUF has a normal  NOR is
connected to the address bus IAB and an- constitution with respect to the
relationship between  other input terminal thereof is supplied with the
test the buffer circuit BUF and the external devices, i.e. a  signal
[err]test. The address bus IAB is connected to ad- system constitution to
be controlled by the single chip  dress signal input terminals of the
functional blocks microcomputer MCU. In other words, the address sig-  50
Including the timer TM, the data memory RAM and nal supplied from the CPU
is outputted via the ad-  the program memory ROM, other than the CPU. Fur-
dress bus in the internal bus IB in order to select the  thenmore, an
address signal output terminal of the external devices (not shown in the
drawing) and a  CPU is coupled to the address bus IAB via a clocked
read/write (R/W) control signal for the external devic-  inverter circuit
IV5 in which the inverted signal of the es is outputted via the control bus
therein. In this  55  test signal [err]-test is supplied to the control
terminal case, input/output (I/O) operations for the data bus  thereof. 



are alternately switched and controlled in response to  The test signal
[err]-test is supplied from the tester the R/W operations of the CPU. Hence
the data bus  (not shown in the drawing) and is supplied to the sin- 3    5
EP 0 243 113 B1                     6 gle chip microcomputer MCU via test
pins, and the  and the control bus in the single chip microcomputer test
mode is instructed when the level of the test sig-  MCU become capable of
inputting the address signal nal [err]-test is at a high level. When the
single chip mi-  and the control signal respectively which are output-
crocomputer MCU is used in any particular system,  ted from the tester. In
this case, the data on the data and controls that system, the signal from
the tester is   5   bus becomes capable of being outputted to the exter-
not supplied to the test pins and the test signal [err]-test  nal devices
when the read control signal is supplied is at a low level. When the test
signal [err]-test is at the  from the central processing unit for the test.
Further- low level, the impedance of the docked inverter cir-  more, the
data supplied from the external devices be- cult IV3 Is at a high value,
and the address bus IAB  comes capable of being inputted to the data bus
when therefore becomes capable of inputting the address  10  the write
control signal is supplied from the central signal via the external
terminal P. In addition, when  processing unit for the test. Therefore, the
address the test signal [err]-test is at the lowlevel, the NAND gate
signal outputted from the central processing unit for circuit NAND and the
NOR gate circuit NOR become   the test is supplied to the internal bus IB
via the buffer capable of outputting signals in response to the level
circuit BUF, and the predetermined area of the func- of the address signal
which is supplied to the address  15  tional block which must be tested is
selected by the bus IAB from the CPU. At that time, the address sig-
address signal. In this case, when the read control nal is outputted from
the CPU and the buffer circuit  signal is supplied to thefunctional
blockfrom the cen- BUF becomes capable of supplying the address sig-  tral
processing unit for the test, the data is read out nal to the external
devices (not shown in the drawing)  from that area and is passed through
the buffer circuit via the external terminal P. On the other hand, when
20   BUF so as to be supplied to the central processing the test signal
[err]-test is at the high level, the levels of  unit for the test. The data
may then be subjected to the output signals of the NAND gate circuit NAND
and  suitable test processing. In addition, when a predeter- the NOR gate
circuit NOR are fixed so that the impe-  mined area of the functional block
such as the data dance of the CMOS inverter circuit IV1 is at a higher
memory RAM, in which the data is stored reloadably, value, regardless of
the level of the signal supplied   25  is selected and the write signal is
supplied to that from the address bus IAB. In addition, the clocked in-
functional block from the central processing unit for verter circuit IV3
becomes capable of outputting sig-  the test, the data outputted from the
central process- nals in response to the level of the signal which is sup-
ing unit for the test is passed through the buffer circuit plied to the
external terminal. Therefore, the opera-  BUF and is written in the area of
the functional block. tion in the test mode is reverse to that in the
control  30   Thus the data stored in the functional block may be mode, and
the address signal applied to the external  corrected. terminal P can be
supplied to the address bus IAB. In  Therefore, when the test mode is set,
the input the buffer circuit BUF, the control part which controls  and
output directions of the signals in the buffer circuit the input and output
directions of the control signal  BUF are reverse to those when the device
Is operat- and another control part which controls the input and   35  ing
normally. For this reason, the central processing output directions of the
data can have a structure  unit for the test can directly access the
functional generally similar that shown in Fig. 3.            blocks
contained in the single chip microcomputer When a test is performed on the
functional blocks  MCU as if the functional blocks were peripheral de-
contained in the single chip microcomputer MCU,    vices of the central
processing unit for the test. such as the program memory ROM, the data
memory  40    The internal bus IB of the single chip microcom- RAM orthe
timerTM, the buffercircuit BUF of the sin-  puter MCU according to the
presentembodiment may gle chip microcomputer MCU is connected to the out-
be a standard bus as described in Fig. 2. Forthis rea- put terminal of the
tester (not shown in the drawing).  son, when the central processing unit
for the test sup- The tester includes a central processing unit for the
plies the address signal and the control signal to the test (not shown In
the drawing) which controls the test  45  single chip microcomputer MCU in
response to the operations. A reference clock signal of the central  timing
as shown in Fig. 2, it becomes possibletocarry processing unit for the test
is supplied to the single  out read and write operationswith
respecttothefunc- chip microcomputer and Is used as the system clock
tional blocks. When the specification of the internal signal of the single
chip microcomputer MCU.       bus is set to be identical to that of a
standard bus, it First, when the test signal [err]-test which is supplied
50  becomes possible to standardise the operation timing to the single chip
microcomputer MCU from the tester  including timing of the test operation
of the single chip (not shown in the drawing) Is at the high level and the
microcomputer even if the CPU and other functional test mode is instructed,
the buffercircuit BUF sets the  blocks which constitute the single chip
microcomput- 



input and output directions of the signals so that the  er are changed.
Therefore, in any single chip micro- central processing unit for the test
(not shown in the  55  computers which are designed using custom ICs but
drawing) contained in the tester can directly access  of which the
specifications are set to be identical to the functional blocks contained
in the single chip mi-  that of the standard bus, it is possible to perform
test- crocomputer MCU. In other words, the address bus   ing on any kind of
single chip microcomputer by the 4    7                    EP 0 243 113 B1
8 use of testers for which the test timing is basically the  Claims same.
According to the embodiment described above,      1. A data processor (MCU)
including a central proc- the following effects may be obtained:
essing unit (CPU), at least one functional block (1) When the test mode is
set, the input and out-   5  (TM, RAM, ROM) coupled to the central process-
put directions of the signals in the buffer circuit  ing unit byway of an
internal bus (IB), a buffer cir- BUF are reverse to those when the device
is op-      cuit (BUF) connected to the internal bus, and con- erating
normally. For this reason, the central       nection means for selectively
coupling the central processing unit for the test can directly access
processing unit (CPU) to the internal bus (IB); the functional blocks as if
the functional blocks   10  wherein were peripheral devices of the central
processing          the central processing unit (CPU) is ar- unit for the
test. Hence, it is notnecessarytoexe-      ranged to produce a first
address signal and a cute the instruction in the CPU contained in the
first further signal to the internal bus (IB) in ac- single chip
microcomputer supplied from the ex-       cordance with a predetermined
supply timing dur- ternal devices and to perform the R/W opera-  15
ing a first mode of the data processor, tions in the functional blocks.
This is advanta-           the buffer circuit (BUF) is arranged to pass
geous over prior art arrangements where it is not    a second address
signal and a second further possible to access to the functional blocks
direct-  signal from the outside of the data processor to ly from external
devices.                            the at least one functional block via
the internal (2) With this effect the testing efficiency of the   20  bus
(IB) bypassing the central processing unit functional blocks in the single
chip microcomput-     (CPU) during a second mode of the data proces- er can
be improved.                                  sor such that the supply
timing of the second ad- (3) When the timing of the internal bus used in
the  dress signal and second further signal to the in- single chip
microcomputer is set to be identical to  ternal bus (IB) in the second mode
is identical that of a standard bus, it becomes possible to  25   with the
predetermined supply timing of the first standardise the operation timing
including the       address signal andfirstfurthersignal totheinter- timing
of the test operation of the single chip mi-   nal bus (IB) in the first
mode, and the connection crocomputer even if the CPU and other function-
means ([err]) Is arranged to couple electrically the al blocks which
constitute the single chip micro-    central processing unit (CPU) to the
internal bus computer are changed respectively.           30      (IB) in
the first mode and to uncouple electrically (4) Because of effect (3), in
any single chip micro-  the central processing unit (CPU) from, the inter-
computer which is designed with custom ICs but       nal bus (IB) In the
second mode; of which the specifications are set to be identical        the
data processor is arranged to be selec- to that of a standard bus, it
becomes possible to    tively in the first mode or the second mode in re-
perform testing on any kind of single chip micro-   35  sponse to an
external test signal ([err]-test) which is computer by the use of testers
of which test tim-    supplied from outside the data processor; ing Is
basically the same.                                 the data processor is a
single chip micro- (5) Because of effects (2) and (4), it is possible
computer formed on a semiconductor substrate; to obtain a synergetic effect
in that the testing can      at least one functional block is a plurality
be performed easily in the single chip microcom-   40  of functional blocks
including a timer (TM) and a puter.
read-only memory (ROM); and The embodiment of the present Invention descri-
the first and second further signals are bed above is illustrative of the
present invention and   first and second read/write control signals, re-
not restrictive. Therefore, other embodiments and        spectively.
modification of the invention are possible within the   45 scope of the
invention.                               2. A data processor according to
claim 1, wherein For example, in the embodiment above the cen-        the
buffer circuit has output means (Q1, Q2, tral processing unit contained in
the single chip micro-  NAND, NOR) for supplying the first address sig-
computer employs a microprogram system. However,         nal and the first
read/write control signal from the it is possible to change the
microprogram system to a   so  internal bus to the outside of the single
chip mi- 



wired logic system. In addition, the specific constitu-  crocomputer, and
input means ([err]) for sup- tion of the buffer circuit as an I/O circuit
is not limited  plying the second address signal and second to the one
described and any modification can be ap-     read/write signal from the
outside of the single plied to the buffer circuit.
chip microcomputer to the internal bus. 55 3. A data processor according to
claim 1 or claim 2, wherein the Internal bus (IB) includes an address bus,
a control bus, and a data bus. 5    7                   EP 0 243 113 B1
8 use of testers for which the test timing is basically the  Claims same.
According to the embodiment described above,     1. Adata processor (MCU)
including a central proc- the following effects may be obtained:
essing unit (CPU), at least one functional block (1) When the test mode is
set, the input and out-   5  (TM, RAM, ROM) coupled to the central process-
put directions of the signals in the buffer circuit  ing unit byway of an
internal bus (IB), a buffer cir- BUF are reverse to those when the device
is op-     cult(BUF) connected to the internal bus, and con- erating
normally. For this reason, the central      nection means forselectively
coupling the central processing unit for the test can directly access
processing unit (CPU) to the Internal bus (IB); the functional blocks as if
the functional blocks   10  wherein were peripheral devices of the central
processing         the central processing unit (CPU) is ar- unit for the
test. Hence, it Is not necessary to exe-  ranged to produce a first address
signal and a cute the instruction in the CPU contained in the    first
further signal to the internal bus (IB) in ac- single chip microcomputer
supplied from the ex-     cordance with a predetermined supply timing dur-
ternal devices and to perform the R/W opera-  15    Ing a first mode of the
data processor; tions in the functional blocks. This is advanta-
the buffercircuit (BUF) is arranged to pass geous over prior art
arrangements where it is not   a second address signal and a second further
possible to access to the functional blocks direct-  signal from the
outside of the data processor to ly from external devices.
the at least one functional block via the internal (2) With this effect the
testing efficiency of the   20  bus (IB) bypassing the central processing
unit functional blocks in the single chip microcomput-   (CPU) during a
second mode of the data proces- er can be improved.
sor such that the supply timing of the second ad- (3) When the timing of
the internal bus used in the  dress signal and second further signal to the
in- single chip microcomputer is set to be identical to  ternal bus (IB) in
the second mode is identical that of a standard bus, it becomes possible to
25  with the predetermined supply timing of the first standardise the
operation timing including the      address signal and first further signal
to the inter- timing of the test operation of the single chip mi-  nal bus
(IB) in the first mode, and the connection crocomputer even if the CPU and
otherfunction-      means ([err]) is arranged to couple electrically the al
blocks which constitute the single chip micro-   central processing unit
(CPU) to the internal bus computer are changed respectively.          30
(IB) in the first mode and to uncouple electrically (4) Because of
effect(3), in any single chip micro-  the central processing unit (CPU)
from, the inter- computer which is designed with custom ICs but      nal
bus (IB) In the second mode; of which the specifications are set to be
Identical       the data processor is arranged to be selec- to that of a
standard bus, it becomes possible to   tively in the first mode or the
second mode in re- perform testing on any kind of single chip micro-  35
sponse to an external test signal ([err]-test) which Is computer by the use
of testers of which test tim-   supplied from outside the data processor;
ing is basically the same.                                the data
processor is a single chip micro- (5) Because of effects (2) and (4), it is
possible  computer formed on a semiconductor substrate; to obtain a
synergetic effect in thatthe testing can      at least one functional block
is a plurality be performed easily in the single chip microcom-   40  of
functional blocks including a timer (TM) and a puter.
read-only memory (ROM); and The embodiment of the present invention descr-
the first and second further signals are bed above is illustrative of the
present invention and  first and second read/write control signals, re- not
restrictive. Therefore, other embodiments and       spectively.
modification of the invention are possible within the   45 scope of the
invention.                             2. A data processor according to
claim 1, wherein For example, in the embodiment above the cen-       the
buffer circuit has output means (Q1, Q2, 



tral processing unit contained in the single chip micro-  NAND, NOR) for
supplying the first address sig- computer employs a microprogram system.
However,        nal and the first read/write control signal from the it is
possible to change the microprogram system to a   50  Internal bus to the
outside of the single chip mi- wired logic system. In addition, the
specific constitu-  crocomputer, and input means ([err]) for sup- tion of
the buffer circuit as an I/O circuit is not limited  plying the second
address signal and second to the one described and any modification can be
ap-    read/write signal from the outside of the single piled to the buffer
circuit.                            chip microcomputer to the internal bus.
55 3. A data processor according to claim 1 or claim 2, wherein the
internal bus (IB) includes an address bus, a control bus, and a data bus. 5
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10 4. A data processor according to any one of the pre-  the address bus
(IAB), and the other input of ceding claims wherein the functional blocks
in-    which is coupled to receive the external test sig- clude a random
access memory (RAM) forstoring       nal ([err]-test). data therein. 5
10. A data processor according to any one of the pre- . A data processor
according to any one of the pre-    ceding claims wherein the second
operating ceding claims wherein the connection means in-     mode is a
testing mode. dudes a clocked inverter circuit ([err]). 11. A method of
operating a data processor, which 6. Adata processoraccording to claim 5
wherein the   10  data processor has a central processing unit clocked
inverter circuit ([err]) has a control termi-  (CPU),at least one
functional block (TM, RAM, nal coupled to receive said external test signal
([err]-  ROM) coupled to the central processing unit by test) via a first
inverter circuit.                way of an internal bus (IB) and a buffer
circuit (BUF) connected to the internal bus (IB); in which 7. Adata
processor according to any one of the pre-  15  method a first address
signal and a first further ceding claims wherein the buffercircuitfurther
In-  signal are supplied from the central processing cludes a data
input/output circuit, the input and   unit (CPU) to the Internal bus (IB)
in a first oper- output directions of data in the data input/output  ating
mode, and a second address signal and a circuit being controlled by one of
either the first  second further signal are supplied from the out-
read/write control signals or the  second   20      side of the processor
to the functional blocks via read/write control signals.
the internal bus (IB) during a second operating mode; wherein: 8. Adata
processor according to any one of the pre-         the first and second
address signal and ceding claims further comprising a first external  the
first and second further signals pass via the terminal for receiving said
external test signal ([err]-  25  buffer circuit (BUF); test).
the supply timing of the second address signal and the second further
signal to the inter- 9. Adata processoraccording to claim 8 wherein the
nal bus (IB) in the second mode is identical with buffer circuit (BUF)
includes:                     the supply timing of the first address signal
and a second external terminal (P);      30      first further signal to
the internal bus (IB) in the a p-channel MOSFET (Q1) having a
first operating mode; and source drain path coupled between a first supply
there is a connection means ([err]) control- voltage terminal (Vdd) and the
second external     ling the coupling of the central processing unit
terminal (P) and a gate;                           (CPU) to the internal
bus (IB) such that the cen- an n-channel MOSFET (Q2) having a   35
tral processing unit (CPU) is coupled electrically source-drain path
coupled between a second         to the internal bus (IB) in the first mode
and elec- supply voltage terminal (GND) and the second       trically
uncoupled in the second mode, whereby external terminal and a gate;
the passage of the second address and second a second inverter circuit
([err]) having an in-  further signals to the functional blocks bypasses
put coupled to the second external terminal (P)  40  the central processing
unit (CPU) in the second and an output;
mode; a second docked inverter circuit ([err]) hav-         the data
processor is a single chip micro- ing a control terminal coupled to receive
the ex-  computer formed in a semiconductor substrate; 



ternal test signal ([err]-test), an input coupled to the    the at least
one functional block is a plur- output of the second inverter circuit, and
an out-  45  ality of functional blocks including a timer (TM) put coupled
to the address bus (IAB);              and a read-only memory (ROM); a
third inverter circuit ([err]) having an input      the first and second
further signals are coupled to receive the external test signal ([err]-
first and second read/write control signals re- test), and an output;
spectively; and a double input type NAND circuit having   50       an
external test signal (4-test) is supplied an output coupled to the gate of
the p-channel     to the data processor (MCU) to change the mode MOSFET and
two inputs, one of which is coupled    of the data processor (MCU) from the
first oper- to the address bus (IAB) and the other of which    ating mode
to the second operating mode. is coupled to the output of the third
inverter circuit ([err]); and                                  5   12. A
method according to claim 11, wherein the data a double input type NOR
circuit having an     is input from the outside of the data processor
output coupled tothe gate of the n-channel MOS-    (MCU) directly to one
ormore selected functional FET and two Inputs, one of which is coupled to
blocks via the internal bus not by the central proc- 6 *   C   L  M   S   *
11                 EP0243113B1                     12 essing unit (CPU) in
response to the read/write       - der Datenprozessor so ausgebildet ist,
daB control signal (REA/WRI) indicating a write mode       er auf ein
externes Testsignal (0-Test) hin, in the second operating mode.
das von der AuBenseite des Datenprozes- sors geliefert wird, selektiv im
ersten Mo- 13. A method according to claim 11 or claim 12,   5       dus
odor im zweiten Modus arbeiet; wherein data is output from one or more
selected     - der Datenprozessor ein auf einem Halblei- functional blocks
to the outside of the data proo-    tbrsubstrat ausgebildeter
Ein-Chip-Mikro- essor (MCU) not by the central processing unit
computer ist; (CPU) in response to the read/write controlsignal     -
mindestens ein funktioneller Block eine (REAIWRI) Indicating a read mode in
the second   10    Mehrzahl funktioneller Blocke mit einem Ti- operating
mode.                                        mer (TM) und elnem
Festwertspeicher (ROM) bildet; und 14. A method according to any one of
claims 11 to 13,    - das orate und zweite weitere Signal ein er- wherein
the singlechip microcomputercouplesto         sets bzw. zweltes
Schreib/Lese-Steuer- a tester which exists outside the single chip mi-  15
signal sind. crocomputer. 2. Datenprozessor nach Anspruch 1, bei dem die
Pufferschaltung eine Ausgabeeinrichtung (Q1, Patentanspruche
Q2 NAND, NOR) zum Liefern des ersten AdreB- 20      signals und des ersten
Lose/Schreib-Steuersi- 1. Datenprozessor(MCU) miteinerzentralen Verar-
gnals vom internen Bus zur AuBenseite des Emn- beitungseinheit (CPU),
mindestens einem funk-     Chip-Mikrocomputers sowie eine Eingabeein-
tionellen Block (TM,RAM, ROM), der Ober enen      richtung (IV2, IV3) zum
Liefern des zweiten internen Bus (IB) mit der zentralen Verarbel-
AdreSsignals und des zwelten Less/ Schreib-Si- tungseinholt verbunden let,
einer Pufferschal-  25  gnals von der AuBenseito des Ein-Chip-Mikro- tung
(BUF), die an den intbrnen Bus angeschlos-   computers zum internen Bus
aufweisL son ist, und einer Anschlugeinrichtung zum so- lektiven Verbinden
der zentralen Verarbeitungs-  3. Datenprozessor nach Anspruch 1 oder
Anspruch einheit (CPU) mit dem Internen Bus (IB); wobel     2, bel dem der
interne Bus (IB) oenen AdreBbus, - die zentrale Verarbeitungseinheit (CPU)
so   30  oinen Steuerbus und oinen Datenbus beinhaltet. ausgebildet ist,
daB ase ln erstes Adre~si- gnal und ein erstes weibtres Signal fOr den  4.
Datenprozessor nach einem der vorstehenden internen Bus (IB) abhangig von
einem vor-     Anspruche, bei dem die funktionellen B1lcke ei- gegebenen
Lieferzeitpunkt wahrend slnes       nen Direktzugriffsspeicher (RAM) zum
Abspel- ersten Modus des Datenprozessors er-  35      chern von Daten in
demselben beinhalten. zeugt; - die Pufferschaltung (BUF) so ausgebildet  5.
Datenprozessor nach einem der vorstshenden ist, daB sie ein zweites
Adregsignal und ein  Ansprflche, be! dem die AnschluSeinrichtung ei-
zweitesweiteres Signal von derAuienseite      ne getaktets
Inverterschaltung (1V6 beinhaltet. 



des Datenprozessors herulberden internen   40 Bus an (IB) zumindestens
einen funktionel-  6. Datenprozessor nach Anspruch 5, bei dem die len Block
unter Umgehung der zentralen        getaktete Inverterschaltung (QV6  iber
eonen Verarbeitungasinheit (CPU) wahrend elnes      SteueranschluM verfugt,
der so angeschlossen zweiton Modus des Datenprozessors so         ist, daB
er des genannte interne Testsignal (40 durchlait, daB der Lieferzeitpunkt
des  45    Test) Ober eine erste Inverterschaltung erhalt. zweiton
Adrelsignals und des zweiten we!- teren Signals an den Bus (I1B) im zweiten
7. Datenprozessor nach elnem der vorstehenden Modus Identisch mit dom
vorgegebenen          Ansprfuche, bei dem die Pufferschaltung ferner
Lieferzeitpunkt des ersten Adreosignals       eine
Daten-Eingabe/Ausgabo-Schaltung  ent- und des ersten weiteren Signals an
don in-  5o  hilt, wobei die Eingabe- und Ausgaberichtung ternen Bus (IB)
im ersten Modus ist, und      von Daten in der Datbn-Eingabe/Ausgabe-Schal-
wobei die Anschluleinrichtung (V6) so aus-    tung entweder durch das ersat
Schreib/Lese- gebildet ist, daB sie die zentrale Verarbei-  Steuersignal
odor das zweibt Lese/Schreib-Steu- tungseinheit (CPU) im ersten Modus elek-
ersignal eingestellt wird. trisch mit dem internen Bus (IB) verbindet  55
und die zentrale Verarbeitungselnhelt      8. Datbnprozessor nach einem der
vorsathenden (CPU) Im zweiten Modus vom internen Bus       AnsprOche,
ferner mit elnem ersban externen An- (IB) elektrisch trennt,
schluB zum Empfangen des genannten externen 7 1111111 111111 11111 11111
1111    13                 EP0243113B1                     14 Testsignals
(-Test).                              arbeitungseinheit (CPU) in einem
ersten Be- triebsmodus an den internen Bus (IB) gellefert 9. Datenprozessor
nach Anspruch 8, bei dam die       werden und ein zweites Adrelsignal und
sin Pufferschaltung (BUF) folgendes beinhaltot:       zweltes weiteres
Signal von der AuBenseite des - eonen zweiten externen Anschlug (P);  s
Prozessors fiber den intbrnen Bus (IB) wahrend - einen p-Kanal-MOSFET(Qi)
miteinem Sour-      eines zweiten Betriebsmodus an die funktlonel-
ce-Drain-Pfad, der zwischen eonen ersten     len Blocke geliefert werden;
wobel: SpannungsversorgungsanschluS (Vdd) und          - das erste und das
zwelte AdreSsignal und den zweiten externen AnschluB (P) go-
dis erste und das zweite weitere Signal schaltot ist und mit einem Gate;
f0           Ober die Pufferschaltung (BUF) laufen; - einen n-Kanal-MOSFET
(Q2) mit elnem             - der Lieferzeitpunkt des zweiten Adreofsi-
Source-Drain-PRad, der zwischen einen             gnals und des zweiten
welteren Signals an zweiten Spannungsversorgungsanschluli             den
internen Bus (IB) Im zweiten Modus mit (GND) und den zweiten externen
Anschlull          dem Lleferzeitpunkt des ersten AdreSsi- geschaltot ist,
und mit einem Gate;  15           gnals und des ersten weitbren Signals an
- elne zweite Inverterschaltung (IV2) mit ei-       den internen Bus (IB)
Im ersten Betriebs- nem mit dem zweiten externen Anschlull            modus
identisch ist; und (P) verbundenen Eingang und einem Aus-          - eine
Anschlugeinrichtung (IVE) vorhanden gang;
ist, die den Anschlull der zentralen Verar- - elne zweite getaktebt
Inverterschaltung   20      beltungseinheit (CPU) an den internen Bus (IV3)
mit elnem Steueranschlufl, der so an-       (IB) in solcher Weise steuert,
dal die zen- geschlossen ist, dag or das externe Testel-      trale
Verarbeitungseinheit (CPU) im ersten gnal (0-Test) erhailt, einem mit dem
Aus-         Modus elektrisch mit dem internen Bus (IB) gang der zweiten
Inverterschaltung ver-           verbunden wird und Im zwelten Modus elek-
bundenen Eingang und einem mit dom   25           trisch abgetrennt wird,
wobei beim Durch- Adreflbus (lAB) verbundenen Ausgang;             lauf des
zweiten Adrefisignals und des - einedritte Inverterschaltung (IV4) miteinem
zweiten weiteren Signals an die funktionel- Eingang, der so angeschlossen
ist, daB or        len Bl8cke die zentrale Verarbeitungsein- das externe
Testsignal (0-Test) erhalt, und       heit (CPU) im zweiten Modus umgangen
mit einem Ausgang;                   30           wird; - eine
Doppeleingang-NAND-Stufe mit ei-           - der Datenprozessor em in einem
Halbleiter- nem mit dam Gate des p-Kanal-MOSFETs              substrat
ausgebildeter Ein-Chip-Mikro- verbundenen Ausgang und zwei Eingan-
computer ist; gen, von donen dereine mit dem Adrelbus         - mindestens
ein funktioneller Block slne (lAB) und der andere mit dem Ausgang der  35
Mehrzahl funktionellerBl8cke mit einem Ti- 



dritten Inverterschaltung (IV4) verbunden         mer (TM) und einem
Festwertspeicher ist;                                              (ROM)
bildet; und e- ine Doppelelngang-NOR-Stufe mit einem          - das erste
und zweibt weitere Signal ein or- mit dem Gate des n-Kanal-MOSFETs ver-
stes bzw. zweltes SchreiblLese-Steuer- bundenen Ausgang und zwel Eingangen,
40          signal sind; und von denen dereine mit dem Adrefbus (lAB)
- dem Datenprozessor (MCU) ein externes verbunden lot und der andere so
ange-             Testsignal (0-Test) zugeffhrt wird, um den schlossen ist,
daB oerdas externe Testsignal      Modus des Datenprozessors (MCU) vom
(0-Test) erhalt.                                  ersten Betriebsmodus auf
den zweiten Be- 45          trlebsmodus zu andern. 10. Datenprozessor nach
einem der vorstshenden Ansprflche, bel dem der zweite Betriebsmodus   12.
Verfahren nach Anspruch 11, bei dem die Daten ein Testmodus ist.
von derAufenseit des Datenprozessors (MCU) auf das
Lese/Schreib-Steuersignal (REAIWRI) 11. Verfahren zum Betreiben eines
Datenprozes-  so   hin, das anzeigt, daB der Schreibmodus im zwel- sors,
der sine zentrale Verarbeitungseinhelt     ten Betriebsmodus vorliegt,
direkt an oinen aus- (CPU), mindestens einen Funktionsblock (TM,
gewahlten, funktlonellen Block oder mehrere RAM, ROM), der mit der
zentralen Verarbei-       fiberden internen Bus und nicht Ober diezentrale
tungseinheit Obereinen internen Bus (IB) verbun-  Verarbeitungseinheit
(CPU) eingegeben werden. den ist, und eine Pufferschaltung (BUF) aufweist,
5S die mit dem internen Bus (lB) verbunden Ist; bei  13 Verfahren nach
Anspruch 11 oder 12, bel dem die wechehm Verfahren emn erstes AdreSsignal
und      Daten von einem ausgewahlten Funktionsblock in erstes weitres
Signal von der zentralen Ver-   oder mehreren auf dis
LeselSchreib-Stbuersi- I 111101 _________________11 1111    15
EP 0 243113 B1                  16 gnal (REA/WRI), das den Lesemodus im
zweitn      une horloge (TM) et une m6moire morte (ROM); Betriebemodus
anzeigt, zur AuSenselt des Da-     et tenprozessors (MCU) nicht fberdie
zentrale Ver-        lea premier et second autres signaux sont
arbeitungseinheit (CPU) ausgegeben werden.        respectivement des
premier et second signaux c      de commande de lecturelenregistrement. 14.
Verfahren nach einem derAnsprfiche 11 -13, bei dem der
Ein-Chip-Mikrocomputer eine Verbin-   2. Processeur de donn6es selon la
revendication 1, dung zu einer Testeinrichtung herstelit, die au-  dans
lequel le circuit tampon possede des Serhalb des Ein-Chip-Mikrocomputers
vorliegt.     moyens de sortie (Q1, Q2, NAND, NOR) servant 10     A envoyer
le premier signal d'adresse et le pro- mler signal de commande de
lecturelenregistre- Revendlcatlons
ment depuls le bus interne A l'ext6rieur du micro- ordinateur monopuce, et
des moyens d'entrie 1. Processeur de donn6es (MCU) comprenant une
(IV2, IV3) pourenvoyerle second signal d'adresse unite centrale de
traitement (CPU), au moins un   15  et le second signal de
lecture/enregistrementdo- bloc fonctionnel (TM, RAM, ROM) coupl6a l'unite
puls l'ext6rieurdu micro-ordinateurmonopuce au central. de traitement par
l'interm6diaire d'un   bus Interne. bus interne (IB), un circuit tampon
(BUF) raccor- d6 au bus interne, et des moyens de connexlon  3. Prooesseur
de donnees selon la revendication I permettant le couplage s6lectifde
l'unit6 centrale  20  ou 2, dans lequel le bus interne (IB) contient un de
traitement (CPU) au bus Interne (IB); et dans  bus de transmission
d'adresses, un bus de lequel
commande et un bus de transmission de don- I'unit6 centrale de traitement
(CPU) est     n6es. agencee de maniere A envoyer un premier signal
d'adresse et un premier autre signal au bus Inter-  28  4. Processeur de
donnees selon l'une quelconque ne (IB) en fonction d'un cadencement
d'alimenta-  des revendications prec6dentes, dans lequel les tion
predtebrmin6 pendant un premier mode de      blocs fonctionnels comprennent
une m6moire a fonctionnement du processeur de donn6es;          accos
direct (RAM) pour la m6morisation de don- le circuit tampon (BUF) est
agenc6 de ma-   n6es. niere A transmettre un second signal d'adresse  30 et
un second autre signal depuls l'exterieur du  5. Prooesseur de donn6es
selon l'une quelconque processeur de donn6es A au moins un bloc fono-
des revendicatlons precidentes, dans lequel lea 



tionnol par l'intermediaire du bus interne (IB)en  moyens de connexion
comprennent un circuit in- contournant l'unite centrale de traltbment (CPU)
verseur (1V6) commande de facon cadenc6e. pendant un second mode de
fonctionnement du   35 processeurde donnees, de sort que le cadence-  6.
Processeur de donnees selon la revendication 5, ment d'alimentation du
second signal d'adresse    dans lequel le circuit Inverseur (QV5) commande
et du second autre signal envoyes au bus interne  de facon cadencee possede
une borne de (IB) pendant le second mode eat identique au ca-  commando
couplee de maniere a recevoir leditsi- dencement d'alimentatbon
preddtermine du pre-  40  gnal de test externe (test O) par l'lnterm6diaire
mier signal d'adresse et du premier autre signal  d'un premier circuit
Inverseur. envoyos au bus interne (IB) dans le premier mode, et les moyens
de connexion (1V5) sont    7. Processeur de donnees selon l'une quelconque
agences de maniere A coupler electriquement       des revendlcations
prcedentes, dans lequel le l'unit6 centrals de traitement (CPU) au bus
inter-  45  circuit tampon comprend en outre un circuit d'en- ne (IB) dans
le premier mode et A decoupler 61eco-  tree/sortlb de donnees, les
directions d'entr6e at triquement l'unite centralo de tralitment (CPU)   de
sortie des donn6es dans le circuit d'en- du bus Interne (I1B) dans le
second mode;        tr6a/sortie de donn6es etant commandhes par le
processeur de donnees est agence de      l'un ou l'autre des premiers
signaux de comman- manibre A etre s6lectivement dans le premier  8o  de de
lecture/enregistrement ou des seconds si- mode ou dans le second mode en
reponse A un       gnaux de commando de locturelenregistrement. signal de
test externe (test O) qui eat envoy6 A partir de l'ext6rieur du processeur
de donn6es;  8. Processeur de donn6es selon l'une quelconque le processeur
de donn6os est un micro-or-   des revendications pr6c6dentes, comportant en
dinateur monopuce form6 sur un substrat semi-  55  outre une premibre borne
exterieure servanta re- conductsur,
cevoir ledit signal de test externe (test t)- au moins un bloc fonctionnel
est forme d'une pluralite de blocs fonctionnels comprenant  9. Procosseur
de donnoes selon la revendication 8, 9 11111111111111111 1111 11 1111 * C
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lequel le circuit tampon (BUF) comprend:           les premier et second
signaux d'adresses une seconds borne externe (P);               et les
premier et second autres signaux traver- un transistor MOSFET A canal p
(Q1) pos-     sent le circuit tampon (BUF); sedant une vole source-drain
branchee entre une         le cadencement d'alimentation du second premiere
borne de tension d'alimentation (Vdd)   5  signal d'adresse et du second
autre signal en- et la seconde borne externe (P) et une grille;    voyes au
bus interne (IB) pendant le second un transistor MOSFET a canal n (Q2) pos-
mode est identique au cadencement d'alimenta- sedant une vole source-drain
branchie entre une   tion du premiersignal d'adresse etdu premierau-
seconds borne de tension d'alimentation (GND)     tre signal envoyes au bus
Interne (IB) pendant le et la seconde borne externe et une grille;  10
premier mode de fonctionnement; et un second circuit inverseur (QV2) poss6-
i aest privu des moyens de connexion (IV) dant une entree accouplea A la
seconde borne       commandant le couplage de l'unite centrale de externe
(P) et une sortie;                        traitement (CPU) au bus Interne
(IB) do tella sorte un second circuit inverseur (QV3) comman-    que
l'unite centrale de traibtment (CPU) est cou- de de facon cadencee, qui
possede une borne de   15  pl6e electriquement au bus interne (IB) dans la
commande couplie de maniere A recevoir le si-     premier mode et est
decouplie electriquement gnal de test externe (test *), une entrie couplee
dans le second mode, la transmission du second A la sortie du second
circuit inverseur, et une sor-  signal d'adresse et du second autre signal
aux tie couplie au bus de transmission d'adresses      blocs fonctionnels
contournantl'uniti centrale de (lAB);                                    20
traitement (CPU) dans le second mode; un troisieme circuit inverseur (QV4)
posse-       Is processeurdedonnees estun micropro- dant une entree couplie
de maniere A recevoir Is  cesseur monopuce formi sur un substrat semi-
signal de test externe (test 4) et une sortie;    conducteur; un circuit
NON-ET du type A deux entrees          Is au moins un bloc fonctionnel est
forme et comportant une sortie couplie A la grille du   25  par une
pluraliti de blocs fonctionnels compre- transistor MOSFET A canal p et deux
entries,       nant une horloge (TM) et une memoire morte dont l'une est
couplee au bus de transmission     (ROM); 



d'adresses (AB) et dont l'autre est couplIe A la        les premier et
second signaux sont res- sortie du troisibme circuit inverseur (IV4); et
pectivement des premiers et seconds signaux de un circuit NON-OU du type A
deux on-  3o     commando de lecture/enregistrement; et tries, qui comportb
une sortie couplie A la grille      un signal de test externe (test *) est
en- du transistor MOSFET A canal n et deux entries,   voyi au processeur de
donnees (MCU) pour dont l'une est couplie au bus de transmission
commuter le processeur de donnbes (MCU) du d'adresses (lAB) et dont l'autre
est couplie de    premier mode de fonctionnement au second manibre A
recevoir le signal de test externe (test  3s  mode de fonctionnement. 4).
12. Procide selon la revendication 11, selon lequel 10. Processeur de
donnies selon l'une quelconque     lesdonniassont introduites A partirde
'extirieur des revendications precedentes, dans lequel le    du processeur
de donnees (MCU), directement second mode de fonctionnement est un mode de
40  dans un ou plusieurs blocs fonctionnels sileo- test.
tionnis, par l'intermidiaire du bus interne, et non par l'uniti centrale de
traitement (CPU), en ri- 11. Proced6 pour faire fonctionner un processeur
de   ponse au signal de commando de lecture/enre- donnies, laquel
processeurde donnies possade      gistrament(REA/WRI) Indiquant un mode
d'enre- une uniti centrals de traitement (CPU), au molns  45  gistrement
dans le second mode de fonctionne- un bloc fonctionnel (TM, RAM, ROM)
couplI6 A      ment. I'unite centrale de traltbment par l'interm6diaire
d'un bus interne (IB) et un circuit tampon (BUF)  13. Procid selon la
revendication 11 ou 12, dans le- raccorde au bus interne; procid6 dans
lequel un   quel des donn6es sont dilivr6es A partir d'un ou premier signal
d'adresse et un premier autre si-  5o  de plusieurs blocs fonctionnels
s6lectionnes, en gnal sont envoy6s par l'unit6 centrale de traite-
direction de 1'ext6rieurdu processeurde don n6es ment (CPU) au bus interne
(IB) dans un premier    (MCU), non par l'unit6 central. de traltement mode
de fonctionnement, et un second signal       (CPU), en riponse au signal de
commando de d'adresse et un second autre signal sont d61ivr6s
lecture/d'enregistrement (REA/WRI) indiquant A partir de l'extrieur du
processeur aux blocs  5s  un mode de lecture dans Is second mode de fono-
fonctionnels par l'intermi6daire du bus interne    tionnement. (IB) pendant
un second mode de fonctionnement; et dans lequel:
14. Procidi selon l'une quelconque des revendica- 10 I   1111111  H11
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11 a 13, solon lequel le micro-ordinateur mo- nopuce est accoupl6 a un
dispositif de test, qui est present a l'exthrieur du micro-ordinateur mo-
nopuce. 5 10 15 20 25 30 35 40 45 50 55 11    


