
MICROCOMPUTER INTERFACE ARRANGEMENT This invention relates to a
microcomputer interface arrangement and particularly to an interface
arrangement which 5  enables identification of a faulty interface unit
amongst a plurality of such units coupled to a microcomputer unit. It is
known to couple a plurality of interface units, such as power switching
units to a microcomputer which controls the switching of the units via
respective control lines. 10       Each such unit is usually provided with
a fault indicating output which provides a fault indicating output signal
in the event of a fault occurring in the unit. It is common to couple all
the fault indicating output terminals together in a wired OR configuration
and to the interrupt input of the microcomputer unit. 1 5       In the
event of a fault occurring in one of the interface units an output signal
at its fault indicating output will interrupt the microcomputer to alert it
to the fault. In view of the wired OR configuration, it has hitherto not
been possible to identify the unit originating the fault indicating signal
without separate diagnostic 20   procedures requiring the provision of an
extra diagnostic pin and the disturbing of the output states of the units.
According to the invention there is provided a microcomputer interface
arrangement comprising: a microcomputer unit having a plurality of
input/output (I/O) 25  terminals and an interrupt indicating input
terminal; a plurality of interface units each having an input terminal
coupled by a two way control line to a respective I/O terminal of the
microcomputer unit for setting the input terminal to a selectable input
state; 30        an output terminal and a fault indicating terminal, the
fault indicating terminals of the plurality of interface units being
coupled together and to the interrupt indicating terminal of the
microcomputer; output means coupled between the input and output terminals
35  for setting the state of the output terminal dependent upon the input
state; fault indicating means responsive to a. fault condition at the
output terminal for providing a fault indicating signal at the fault
indicating  



-2- terminal to interrupt the microcomputer unit and means responsive to
the fault indicating signal for inverting the input state of the 5
interface unit at the input terminal without affecting the output state
whereby the interface unit having a fault condition may be identified. The
fault indicating means preferably includes diagnostic means for providing
an output signal in response to, a fault condition 10  at the output
terminal. The fault indicating, means may further include a controllable
switch having an input coupled to the output of the diagnostic means, and
an output coupled to the fault indicating terminal, to provide the fault
indicating signal. 1 5    The controllable switch may have any output for
providing an output voltage in response to the output signal of the
diagnostic means and the means responsive to the fault indicating signal
may include a comparator for comparing the output voltage with a reference
voltage. 20        Typically the reference voltage is greater than the said
output voltage of the controllable switch and current injection means is
provided operable. on interruption of the microcomputer unit for injecting
current into the controllable switch to.. increase its output voltage above
the level of the reference voltage whereby an output 25   signal is
provided at the output of the comparator. Preferably the output means
includes latch means coupled between the input terminal and the output
terminal Typically a second controllable switch is coupled between the
input terminal and the latch means, the latch means having an input 30
coupled to one selectable terminal of the switch and an inverter is coupled
between the output of the latch means and a second selectable terminal and
the output of the comparator is coupled to a control input of the second
controllable switch to select the second terminal of the switch in response
to an output signal provided by 35  the comparator whereby when the second
terminal is selected the input terminal is coupled thereto to invert the
said input state. An exemplary embodiment of the invention will now be.. 



described with reference to the accompanying drawings in which    -3-
Figure 1 is a block schematic of a microcomputer interface arrangement in
accordance with the invention; and 5          Figure 2 is a more detailed
block diagram of an interface unit of Figure 1. Referring to Figure 1 a
microcomputer unit (MCU) 10 has a plurality of I/O terminals P1, P2, P3
through Pn and an interrupt indicating terminal PINT which may be a unique
10 interrupt terminal or an I/O pin used as an interrupt terminal. The I/O
terminals P1, P2, P3, Pn are coupled by means of respective two way control
lines 20 to input terminals 25 of respective interface units 30a, 30b, 30c
.....30n 15          Each interface unit 30a through 30n also has a fault
indicating terminal 35 and an output terminal 40. All the fault indicating
terminals 35 are coupled together in wired OR configuration and to the
interrupt terminal PINT of the MCU 10, by means of a fault line 45. 20
Each interface unit provides an appropriate output state (depending on its
function) in response to a data input signal fed to its input terminal 25
from the respective I/O terminal of the MCU 10. A PNP transistor 50 has its
base electrode coupled to 25  a terminal P5 of the MCU 10 and its emitter
and collectors coupled respectively to a supply line 55 and to the fault
line 45. In the event of a fault occurring within one of the interface
units 30a through 30n a fault indicating signal will 30 appear at the fault
indicating output 35 of the faulty unit and will be fed via the fault line
45 to the interrupt input PINT, where it will interrupt the MCU 10. On
being interrupted the MCU initiates a diagnostic procedure to determine
which of the interface units is 35 faulty. A signal is applied to the base
of the PNP transistor 



50 from the terminal P5 of the MCU 10 to turn on the transistor 50. Current
is injected by the transistor 50 onto    -4- the fault line 45 and into the
fault indicating terminal 35 of each interface unit 30. 5          In
response to the current injected onto the fault line 45, the logical value
of the data state of the faulty interface unit previously set by the MCU 10
is caused to be inverted whilst the non-faulty units have their data states
latched to their originally set values 10          With the I/O terminals
Pl through Pn set to input mode by the MCU 10, the MCU reads the data
values presented at the terminals 25 of the interface units 30and
determines the faulty unit by virtue of its inverted data value.  The
faulty unit is thus identified without changing the output data 15 values
of the interface units. Referring now to Figure 2 there is shown a block
schematic of an exemplary interface unit of Figure 1.  In this example the
interface unit is a controlled high-side switch for coupling a supply
voltage VDD applied to the VDD supply. 20  terminal, to the output terminal
40, in response to a digital value applied to the input terminal 25 by the
MCU 10. The input terminal 25 is coupled to the input 61 of a controllable
switch 62, which has selectable terminals 63 and 64, selectable in response
to a control signal applied to a 25  control input 65. The switch 62
normally has its input 61 coupled to the terminal 64 to which is also
coupled latch 66. The latch 66 has an output 67 which is coupled via an
inverter 68 to the second selectable terminal 63 of the switch 30  62. The
output 67 of the latch 66   is coupled to the control input 68 of a power
switch 69  coupled between  the VDD supply terminal and the output terminal
40. on application by the MCU 10 of an appropriate digital 



35 value to the input terminal 25 this value is held at the output of the
latch and closes the controllable switch to couple the supply voltage VDD
to the output terminal 40 for    -5- application to a load. The output
terminal 40 is coupled to a respective 5 input 72, 73 of each of two
comparators 70, 71. The comparator 70 is a voltage sensing comparator whose
second input 74 receives a reference voltage and provides an output signal
in the event of the output voltage falling too low; such a situation might
occur if the load resistance becomes 10 too low but is not zero. The
comparator 71 is a current sensing comparator and its second input 75 is
coupled to the output terminal 40 via a resistor 76. The comparator 71
senses the voltage drop across the resistor and provides an output signal
if the drop becomes 15  too large indicating too high a current flow due
to, for example, a short circuit load. The comparators 70 and 71 have
outputs 78 and 77, which are coupled to a diagnostic circuit 80 which is
also coupled to the output 67 of the latch. The logic state of the 20 latch
output 67 indicates to the diagnostic circuit 80 the intended output state
and this intended state is compared with the output states of the
comparators 70 and 71 to determine if a fault condition exists. The
diagnostic circuit 80 has an output 81 coupled to 25 the gate control
electrode 91 of a MOS transistor 90, the drain of which is coupled to the
fault indicating terminal 35, whilst its source is coupled via a resistor
92 to ground reference terminal 93. The source terminal of the transistor
90 is coupled to 30 one input 101 of a comparator 100 whose other input 102
receives a reference voltage. The comparator 100 has its output 103 coupled
to the control input 65 of the controllable switch 62. 



In the event of a fault being detected by the 35 diagnostic circuit 80, an
output signal is provided at its output 81 and is applied to the gate 91 of
the transistor 90 to turn ON the transistor.  Current flows in the
transistor 90    -6- and 'a fault indicating voltage is developed at the
fault indicating terminal 35.. The fault indicating voltage is 5  applied
to the interrupt terminal PINT of the MCU 10. Current flowing through the
transistor 90 also develops a voltage across the resistor 92, which voltage
appears at the input terminal 101 of the comparator 100.  The value of the
reference voltage applied to the reference input 10  terminal 102 of the
comparator 100 is chosen to be greater than that developed on the resistor
92 so that at this stage, the comparator provides no output signal.  This
is to ensure.. continued normal operation until the MCU 10 initiates a
diagnostic test. 15          As explained above, on initiation of the
diagnostic test the I/O terminals of the MCU 10 are switched to input to
read the logic state at the input terminals 25 of the interface units 30
and current is injected by the transistor 50 into the fault indicating
terminals 35of each interface 20  unit.: The injected current increases
the current flow through the transistor 90 and accordingly the voltage drop
across the resistor 92 for the faulty interface unit.  The voltage applied
to the input 101 of the comparator 100 25  increases and now exceeds the
reference voltage applied to the input terminal 102. The comparator 100
provides an output signal which switches the controllable switch to couple
the input terminal 25 to the selectable terminal 63.  At this. terminal 63
will 30  appear the inverted logic state to that originally applied to the
input terminal 25 and now appearing at the output 67 of the latch 66 , due
to the connection of the inverter 68. Thus 



the input terminal 25 will also indicate the inverse logic state to that
set by the MCU 10 and latched at the output 67 35  of the latch 66. In all
other interface units where no fault is detected, the respective transistor
90 will not be turned ON and the controllable switches 62 will maintain the
coupling of    -7- the input terminals 25 to the non-inverted outputs 67 of
the latches 66 and the MCU will accordingly read the originally 5 set logic
states. Thus the interface arrangement of the invention allows the
detection not only of a fault condition, but also the identification of a
faulty interface unit without losing or otherwise changing the output
states of the correctly 10 operating units. After completion of the
diagnostic test the transistor 50 is turned off and the I/O terminals P1
through Pn are once more set in output with their original data values
restored. The removal of the current injected into the transistor 90 15
will result in the removal of the output signal of the comparator 100 and
the switch 62 will revert to its original condition in which the input
terminal 25 is coupled to the input of the latch 66. The embodiment
described is by way of example only and 20 modifications may be  made
without departing from the scope of the invention. For example although
described with reference to a high side switch interface, the invention is
applicable to any kind of interface in which the output logic state is
controlled in dependence upon an input logic state supplied by 25 a
microcomputer output. Also the particular fault conditions detected are
exemplary and other or additional fault detecting means may be employed,
such as open circuit load detection and thermal limit detection. 30 35 



* C    L    M    S * -8- CLAIMS 5 1.   A  microcomputer interface
arrangement comprising: a microcomputer unit having a plurality of
input/output (I/O) terminals and an interrupt  indicating. input terminal;
a plurality of   interface units each having an input terminal 10  coupled
by a two way control line to a respective I/0 terminal of  the
microcomputer unit for setting the input terminal to a selectable input.
state an output terminal  and a fault indicating terminal, the fault
indicating terminals of  the plurality of interface units being coupled 1 5
together and to the interrupt indicating terminal of the microcomputer;
output means coupled between the input and output terminals for setting the
state of the output terminal dependent upon the. input  state 20
fault indicating means responsive to a fault condition at the ..output
terminal for providing a fault indicating signal at the fault indicating
terminal to. interrupt the microcomputer  nit and means responsive to the
fault indicating    signal for inverting the input state of the interface
unit at the input terminal without affecting the 25  output state whereby
the interface unit having a fault condition may be identified 2.   The
arrangement of claim  1 wherein the output means includes latch means
coupled between the input terminal and the 30  output terminal. 3.   The
arrangement of claim  1 or 2 wherein the fault indicating means includes
diagnostic means for providing an output signal in response to a fault
condition at the output terminal. 35    



C L M  S   9 4.   The arrangement of claim 3 wherein the fault indicating
means further comprises a controllable switch having an input 5 -coupled to
the output of the diagnostic means and an output coupled to the fault
indicating terminal to provide the fault indicating signal. 5.   The
arrangement of claim 4 wherein the controllable switch has an output for
providing an output voltage in response to the 10  output signal of the
diagnostic means. 6.   The arrangement of claim 5 wherein the means
responsive to the fault indicating signal include a comparator for
comparing the output voltage of the controllable switch with a reference
voltage. 15 7.   The arrangement of claim 6 wherein the reference voltage
is greater than the said output voltage of the controllable switch and
current injection means is provided operable on interruption of the
microcomputer unit for injecting current into the controllable switch 20
to increase its output voltage above the level of the reference voltage
whereby an output signal is provided at the output of the comparator. 8.
The arrangement of claim 6 or 7 wherein the output means 25  includes latch
means coupled between the input terminal and the output terminal; a second
controllable switch is coupled between the input terminal and the latch
means, the latch means has an input coupled to one selectable terminal of
the switch, and an inverter is coupled 3 0 between the output of the latch
means and a second selectable terminal and the output of the comparator is
coupled to a control input of the second controllable switch to select the
second terminal of the switch in response to an output signal provided by
the comparator, whereby when the second terminal is selected the input 35
terminal is coupled thereto to invert the said input state. 9.   A
microcomputer interface arrangement substantially as herein described with
reference to and as shown in the drawings.    


