IVFCROCOVPUTER INTERFACE ARRANGEMENT This invention relates to a .
m croconput er |, nterface arrangement and particularly to an i nterfal.’.QZS\\\
arrangenent which 5 enables identificatifon of ‘a faulty interface unit
am)ngst a plurality of such units coupled to a mcroconputer unit. It is
known to couple a pl ur aMIGROCOMPYTER INTEREACELARRANGEMEN) t chi ng
units to a mcroconpuf€r Wl Ch coMrors tne swiching.of the units via
respective control lines. 10 Each such unit is usuall y provi ded with
a fault indi cat| ngThist puwewhlomh rplmsde@ a migrecomputen iinterdaeput si gnal
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- 2% 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 provrded a microcomputer
mterface arrangement comprising: . :
a microcomputer unit having a plurality of input/output (IIO)
25 terminals and an interrupt indicating input terminal;
a plurality of interface units each havmg an input terminal
AN 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 mterrupt 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 mcroconputer unit and means responsive . to
the fault indicating signal for inverting the input state of the 5 ° _
interface unit at the input termnal w thout affecting the output state g}
whereby the interface unit having a fault condition may be identified. The.
fault indi cating neans preferably i ncl-udes. di-aghostic. neans for: provi di ng
an out put signal .in response to, a fault condition 10 at the out put .
termnal. The fault .indicating, nmeans may further include a-controllable
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20 - Typically-.the reference voltage is greater than the sald output o
voltage of the controllable . switch: and current mJectlon means s
provided operable on mterruptwn of the mlcrocomputer unit - for

injecting current into the controllable switch: 10.: 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 mcludes -latch ‘means coupled
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between the input termlnal and the’ output termmal T R

:Typically a second controllable switch is- coupled between the

__ input terminal and the latch means, the latch means havmg .an input
30 _coupled to one selectable ‘terminal of the switch- and an mverter 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
N termmal of the switch in response to an output srgnal prov1ded by
35 . the comparator, whereby when the second terminal is selected the

input terminal is coupled thereto to 1nvert the said 1nput state.

_ An exemplary embodiment of the - lnventron will now be.. -

‘described with reference to the accompanymg drawmgs in which




described with reference to the acconpanying draw ngs in which - 3-
Figure 1 is,a block schematic of a m croconputer interface arrangenent in
accokgdance with the invention; and 5 " Figure 2 is a nore detailed
bl ock diagramof an interface unit of Figure 1. Referring to Figure 1 a

m croconputer unit (MCU) 10 has a plurakigy-of I/Otermnals P1, P2, P3
through Pn and an interrupt indicating termnal PINT which may be a unique
10 interrupt termnal or an I/ O pin used as an interrupt termnal. The I/O
termnals Pl, P2, Fidju¥e hris caupleckbgchematial ofesparidérecémputay control
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term nal s 3% e dPUHAY dPIRISeEei P, Wi red OR configuration and to the,
interrupt termnal_ PLNT of the” MCU 1 by neans of a fault |ine 45. 20
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fromthe re% ectiverié#itqgg&naé of.thg 10. A PNP transistor 50 has its
base el ectPEEE TR NAIGATING Lepninak FERT phich Bay ke 498 ni tt er
and chbbl eintermipiptetrmiaskoor vah yIf0 pinupsled lasnarbSnterrupt he faul t
i ne 45. Jiagvent of a fault occurring within one of the interface
units 30at rou&h'BOn'a_fault i ndi cating signal will 30 appear at the fault
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bei ng interrupted the MCU .initlates di agnosti ¢ procedure to determ ne
whi OFF of - e HeRRETEE L&H‘E%f#%"%“*g‘&ﬂ?géﬁ\ S%nalP9S appi i WBto the base
of thesPNP transi @ach 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 s 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/0
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 indidating 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
proceddre'tb-détermine which of the interface units is
35 faulty. A signal is applied to the base of the PNP transistor
50 from the terminal PS5 of the MCU 10 to turn on the
transistor 50. Current is injected by the transistor 50.onto



50 fromthe term naI P5 of the NCU 10 to turn on the tran5|stor 50. Current
is injected by the transistor 50 onto -4- the fault Iine 45 andlntothe
fault indicating ternminal 35 of each interface unit 30. 5 : In o
response to the current injected onto the fault line 45, the |ogical val ue

-

of the data state of the faulty intetfdce unit previously set by the MU 10.

'is caused to be inverted whilst the non-faulty units have their data states

| atched to their originally set values 10 Wth the I'/O termnals
Pl thrthghf&nlgeil ine |4ﬁomndmnu:oytheefmut1®ndﬂﬁ=ahmg fegminak 38t af

val uesegéﬁsgﬂt%%ﬁltcé %fi?r%%/nal s 25 of the interface units 30and

det er nT Nes ty uni virtue of its |,nverted data val ue.”. The

faubty unit isIthrespanae f'@%dthﬁt%?eﬁ'ﬁaﬁgﬂﬁﬁtﬁﬁle Wﬁ)lﬁhﬂaﬁ% 3% val ues

of the iﬂéeh%acecﬂé"ﬁégi&l Gsiélﬁ@ aew:he &hgur statidhae uhse sfmm: bl ock
.schemat Ic of an exergl ar face t@ﬁ,& ufr:@r]itso rrpl e the
i nt er f ApEerfrce Andt 7K ‘Eﬂ-‘P ts ﬁe %é' Bly

V0| t agenVePtadphirEd 10 e Miﬁ)-ﬁaup)bty uAfitst. hlalvma:lhentm dattsa Gsﬂ:aatlest erm nal

'NCU Ilolr%?g"’ﬁ&n%lﬁ Qﬁfbﬁfﬁ g%’r'f%jsn%ifo%p edgguggh’;hlen:omou%lt g; manglonterOF?/aLPg

~swibch 62, V\/m mmm|mabeminahsnmsthxom@ &n S.ﬂﬁé%ﬂaiemmutnmﬁés}ponse

to a ng ‘i ofe%aé tﬁenaaeh b&&hﬁeé%x@&&@é&t% £e
nor mal has | s |nput to t termnal_ 64 to i C s al so
coupl etternizialss 257iRE Iﬂ!%hiﬁgeﬁﬁﬁcﬁnuﬁgfzﬁu?%%ld&?ﬁ V{‘?ﬁﬁ) éﬁ @via an

i nvert gay8% #the W%&@'estﬂeéelheéﬁeal d&&a)fvauhmswme B8ul€2. The -

O Pehasbe i i Amaeheed S RAEE e e M 868, U
40150nvap.nlescaiﬁ Cﬁhé)yiﬁherﬁ&elﬂnbtsan appropriate digital .- . | o
Referring now £0 Figure 2 there is shown a block
schematic of an exemplary interface unit of Figure 1. In thls ;
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 1nput terminal 25 is coupled to the input 61 of a
controllable switch 62, which has selectahle terminals 63 and
“64, selectable in response to a control s1gna1 applied to a
25 control input 65. o : SN co S
o The switch 62 normally has its input 61 coupled to. the -
terminal 64 to which is also coupled latch 66. . - A\
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 ou_tput terminal 40 for -
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35 value to the |nput terntnal 25 thls value is held at the output of the

| atch and cl oses the controllable switch.to couple the supply voltage VDD
to the output termnal 40 for -5- application to a | oad. The out put
terminal 40 is coupled to a respective 5 i.nput 72, 73 of each of two
conparators 70, 71. The conparator 70 ‘i s=- g wol t age sensi ng conpar at or whose
second input 74 receives a reference voltage and provides an output signal
in the event of the output voltage falling too | ow, such a situation m ght
occur if tapplisatiesitbaacéohdsohes'10 too 1ow but is not- zero. The
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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 conparators 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 .
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'In t he event of a fault be|ng 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 ’ . .~,:'

transi stor 90 -6--and 'a fault indicating voltage is devel oped at the -
fault indicating termnal 35.. The faulkt=-indicating voltage is 5 applied
to the interrupt termnal PINT of the MCU 10. Current flow ng through the
transi stor 90 al so-devel ops a. vol tage across the resistor 92, which voltage

appear andt ai faulipindieating voltaget As devpdopes ato(the Tfﬁzulvhl ue of the

r9fereﬂﬁai&@6¥ﬂﬁfEﬁﬁﬁiﬁﬂltgstheTh&anﬁﬂteihEE%htHngtvﬁit 42 of the -
co arator ,100 .i's chozga to-be, greater {han_t q§é$ Eed on the resistor
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t hk0cukesminglo} 93 r@@ geheheompanaterot000 ignghasen Fadpe greatert age drop

acr ossthile ReHES dvePoped . bhetﬁauuaris&ber bacediRidat, &€ weis ageagafl ied
to the jnput 101 of the cogparator |ncreas and, now exceeds

5 he
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prOVIde&n&ﬂnmﬁdNﬁoﬁm@Dabpébatmoawuntﬂesthhenﬂmuﬂuﬂﬂniﬂiatustah to couple

J

will Verted. l-ogic state. to' that originally applled to th
i Nb&it terntnalAsseupuabnedppbavemgoat1nﬂeiamimn of7 e tdtagnoshies ., due

to thet&%%ﬂ%ﬁé<¥y6”téPﬁihQi§fB%ftﬁé MEBUSo 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 35: of each interface
20 unit. B ' B L '
' - 'The ingected 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 -
1input ‘terminal 102._,-: S U -u-~ o : S :;ep
. The comparator 100 provides an. output signal which ;ij'-\ﬂ
‘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, s . e : _
: 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

t he- |n to the selectable termnal 63. At this. termnal 63
TRYegRRR AN st o
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the input termnal 25 will also indicate the inverse logic state to that

set hy the MCU:10 and | atched at the output 67 35 of the latch 66. In al

othar, interface units where no fault is detected, the respective transistor
90 will not be turned ON and the controllable switches 62 will maintain the
coupl i ng of -7- the input termnals 257te the non-inverted outputs 67 of
the latches 66 and the MCU will accordingly read the originally 5 set logic .
states. Thus the interface arrangenent of the invention allows the

det ect i onth8t 1R &exrminals 2%nket:Fhe, nenrinvestede outonts €hiohithe a

faulty inLatéhes 6@ tand ttinaitMtwSiill OAcebPaingse £eaagithe i ity |
st at es_ of t?e correctly 10 operating units. After conpletion of the
dLagno%tiig e3PPI R S92 stor 50 is turned of f- and the /0 terninals Pl
through Pn are onZhusrthescinterfaceuarranyemnentr ofir thendnviatta omlaklows
restored. «¥heqL§ (2| Df rept. i pi ed.i e I-Sf 0,90 15
will res uﬁmi ﬁ.&? %E?gnrg\flﬁﬁg?%eggu pﬁ%sgﬁgﬁg#ag?itbﬁé %E)qur:np%rlz%oorﬂi%o and
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term nal gthegwigedlchhriind ethd it at t S€atakCcheb8ne There@adiyent
descg%ged IS b% M%¥ of, .exanpl e only "and 20 nodifications may bé made
with dBBEFREA% MHitSre scope of the invention. For exanple although

described with refftercdupretioh ofdehevdiagnosticS test the itwaniistor s
SO0 Aol SeSBaH dfe, HECURE 0 HikBnhig, BUL BN S e
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CLeYD, o BBt o Khy Goebaie Ly GRLES! L TERY RIS DI 20
_ : t 1n 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_offinterface'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.

o/
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* C L M- S * -8 CLAIMS 5 1. A mcroconputer interface

- arrangenent conprising: a mcroconputer unit haV| ng a plurality of:

~input/output (1/0O termnals and an interrupt mﬂmm“m“mm - tef'm: naI L
a plurality of interface units each having a ?mto coupl ed :
- by a two way control line to a respectiv@-/0 term'nal of the . _
m croconputer unit for setting the input termnal to a selectable |nput
state an output terminal and a fault jindicating termnal, the fault . . _
indicating term.nal sof “the pturali tgLéf—]\igt erface units being:coupled 1- 5

t oget her. and to the i-nterrupt indicating termnal of the. m croconputer;
out put5 means coupl ed betweeén the input and output term. nals for settl ng the
state*of the-output term nal dependent upon the. input- ‘state 20 : :
faul t :i ndilcati ny’ mmrocoma;pmesl weterface fantangemﬁhtt icomprisihg: . out put

~terminal for provieind. ?né eyl MIhggas'iﬁﬁ (I’Pe' &ﬁs}&ut? e&??)t he.._. |

termnal to. in errut croconput e means pon
fault i ndt%ramn-aés an§| meumltotrumvupdmgmgwemwutersnmaé. of the interface

uni t at the i ”I%Jt lh%l'ift 13f - ‘ihiéifﬁaﬁe Qil{l%:téaﬂﬂl tl’ﬂﬁnﬁﬁ aﬁUi@?ut SeAmtnabrer eby
t he erface!éjcg hav1 Q?\ha fault’ c gdl tion.
|

b £ arldbe ROUBIEE) By Ty, ORREE JiRe 0 ABtpactia . fminakafdhe
coupl ed batmeooui]mtenpumtt €oriseatingndhe hinpifi tau'nmal ter ai selectable The
arrangemsﬁtltl f gda?%m 1. or 2:wherein the fault indicating means includes
di agnosti ¢ an ¥ providing an output si gnal .in response to a.fault
condi tion at t las utput tegnnnah|ancg5a fault indicating terminal, the fault-

mdtcatmg termmals of the plurahty of interface units being coupled V
15 together and to the mterrupt mdtcatmg termmal of the. =
' mlcrocomputer,- _ o , .
output means coupled between the input. and output termmals
- for setting the state of the output termmal dependent upon the .
~ input state; G : - : :
20 - . fault 1nd1cat1ng means responswe to a. fault condmon at the
-..outp.ut_ termmal for. prov_tdmg_ a. fault indicating slgna_l at the fau_lt _
indicating terminal -to . interrupt. the microcomputer . unit and means
_Tesponsive to. the: fault 1nd1cat1ng 51gnal for mvertmg the 1nput state -
- of the mterface umt at the input termmal w1thout affecting the =
25 output state’ whereby the mterface unit havmg a fault condition may
- be 1dent1f1ed o

2, The arrangement of clatm 1 wherem the output means -
includes latch means coupled between the input termmal and the
30 output termmal

3.  The arrangement of claim 1 or 2 wherein the fault indicating
means. includes dlagnostlc means for prov1d1ng ‘an output signal m

response to a fault condition at the output terminal.
35



CLM S 9.4. _The arrangenent of claim3 wherein the fault indicating
means further conprises a control |l able switch having an input 5 -coupled to
t he _out put of t he c' nd an output coupled to the fault

i ndicat i ng term nal ,nﬂmmlmg“mmlraul t indicating signal. 5. The
arrangerment of clain 4‘hérel'n the* contral Babl e switch has an output for
providing an output voltage in response to the 10 output signal of the

di agnostic nmeans. 6. The arrangenent of claimb5 wherein the neans
responsi ve t4. t heTheularrangément mgf clgiml 3i mHerdin atheoﬁpa}tamnhchung

compar i ng_ t gt Pebrifalt agmiiedd e CRNTOIABI! Syt Chavirlg ) iRt ence

vol t age. rrange rein the re rence voltage
is greatér xmplte t@aﬂlF c;mtput oﬁnﬂwémgnqsfwc deeeRy| kb |an Qutpeh eerpled

current inj e ith8 fRARSindichfify (@MnBRAT 6P| Frovide nitRy Iddld eRdiiatin ' signal.
m croconputer unit for injecting current into the controllable swtch™20

to increase its output voltage above the | evel of the reference voltage
wher eby an ot put Thiegnstarigemeny i cleclaimt 4e wherpin thle tcontralbgideasoitcls.

The arrange el S C | at ch
means coupl mﬁ{v\een@h?f Qn% mﬁ & A% to%ﬁ%'?#jhe m#’eqﬁ {gsimnr?gl wgﬁ%econd :
control I &bl eo%mlltcﬁlg@lcéﬁpﬂw diagpestict meansput terminal and the |atch

nmeans, the Iatch means has an i nput coupl ed to one sel ectable term nal of
i nverter is cou t ween e out put of the latch

the switch, a,g, Qﬁp&i g
means and a 'econ hg. aTEangn@ent, fimp TSR et TESRPRFLYCOMO; s
coupl ed to atheofauld indivating slgnalsenmh@ue:wtcrmhpaﬂtersmﬁ compparingetle t he

*ho—tonpar ai S it xPRBERIRE e, ccLRRBABE. rildh “Hitk ?s?%%nfﬁr °VL 8. ot

termnal 3is coupled thereto to invert the said input state.

i Cr 0COMpUt ey, | Nt PHEAGRrAFRBRITSY. cHiR ! 8"iikrbih qﬁeh?é@renééswsuag&' #th

reference togl%gter thanome said out[rnél‘%/\lI vncﬂtage 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 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

30 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.




