ingenti@n relates to a digital semi- conductor nonolithic integrated
circuit. More particularly, the-invention relates to a digital o
sem conduct.or nmonolithic integrated circuit containing an analog to digital
converter 5 (which will hereinafter be referred to as the "A/D converter")
for formng at least a part .of a digital conttor system A digital contro
system can have its size reduced by using a seniconductor |ntegrated

circuit. Moreover f'Alﬁlbﬁ‘i’:a‘i' Gleht coﬁqﬁtcrt@r n“ pr m{%ﬁa% oy na‘fcul‘[v '

reliability by a substantial reduction 1n T
connected to the sem conductor integrated CIrCUIt. In order to provide a
system control of high 15 quality, a control system such as a process
control system (nmakin use of ‘gn:ro rocessori or a corrpat,l n contral

n

system i smrradﬁ receptl o‘?r%%zn T5v Wﬁlgﬁ;‘gﬁﬁ ?tIS§ Garzo égkmgzsgg‘;‘atl o
o_as_the ita s
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- 23 s
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digital sensor jfddie wlad a Pus, of ébﬂ%&fﬁpégggﬁsgﬁ?ﬁggdapa QEEaEI Sﬂberter

(i.e., an analog Input circuit) for I ng gnal FPom 4
anal og sens® t(@Hitth will hereinafter be referred to as the "A/D

"A Digital Seniconductor Mnolithic Integrated Gircuit" The preaddrsA %\-\\ @

converter") for forming at.leastﬁa part of a digital control
system. -
A digital control system can have its size'reduced
by using a semiconductor integrated circuit. Moreover,
10 the digitél control system can achieve a high reliability
by a substantial reduction in the number of the
external wires connected fo_the'semiéonductor integréted
circuit.
In order to provide a systém_control of high
15 quality, a control System such as a process control
system (making use of a mic:dprocessor) or a computing
control system is made receptive of not only the signals
of various kinds of sensors (which will be referred to
as the "digital sensors") made operative of digitai or
20 pulse signals but also analog siQnals which éafry in-

formation through the A/D converter.



ta bus after it has been converted into a digital signal,  are constructed
ﬁ}on1a one-chip nonolithic sem conductor integrated circuit (which w 4
hegrei nafter be referred to-as the "nmonolithic IC" or "IC") in order 10
.. partly to reduce the size of phe device constituting the systemand partly -
~ to reduce the nunber of the external connections to the device, as has been
. mentioned above. Furthernore, it is desirable that the nonolithic I C be
constructed so thatthisCaases BoRh a8 input eirculeid, digferent types\J
of control systens. By providing a universal type of nmonolithic IC, this
nmonoldigital Gupatbeireadt)nfory feedingofthd idade igmal rfdomyst ens so that
t he mai nt enance of the various control systens can be facilitated. '
Mor ecwedigPfal semgorhsogther datacbusnmeft a midroprovessorsyandns can al so
be facilitated. However, it should be noted that in the usual type of
nonol an Mmput, ciheubtinbic eef anecanaloghdnpud wirgulit) forattached to the

- package is limted by 25 the size of the package. In the case where the
5 nunbefeedingcthet dakal signalnfrom enbanslog &ensar the the package is ;
limted so that the nunbers of both anal og and digital input term nals

are aiatadpwgl gfteni isdhashbepdnsonvertedC inke ia dightalkability linited to
only one specified control system For exanple, in the case where a
nonol 8% 5 are congirupied £xom § CRe-CHIR BAEHEC relativel y reduced

semiconductor integrated circuit (which will hereinafter
be referred to as the "monolithic IC" or "IC") in order
10 | partly to reduce the-size of.the device constituting the
system and partly to reduce the number oi'the_external
connectidns to the device, as has ﬁeen mentioned above.
Furthermore, it is desirable that the
monolithic IC be constructed so ﬁhat it can be applied
15- to a number of different types of control systems.
By providing a universal type of monolithic
IC, this monolithic IC can'be used in a variety of
different control systems So that the maintenance of the
various control systems can be £ac1litated; Mreover,
20 any change or development iir the control'systems can
also be facilitated. S
However, it should be noted that in the usual
type of monolifhic IC, the number of the external .
terminals to be attached to the package is limited by
25  the size of the package. '
In the case where the nuﬁber of the external
terminals to be-attached to the IC package is limited
so that the numbers of both analog and digital input



terginal%s, such a monolithic IC cannot be readily used in a control

having a relatiyvely | arge nunber of digital input signals. On the
contrary, 10 the monolithic IC, which has its analog input termnals
substantially reduced by the provisiondof a relatively |arge nunber of the
digital input termnals, is difficult to adapt for use in a control system

which is fed with | atively | b

Accordi ngl v, ¢ IRSTAMAL 1KY | SR TOMRATY o infbedanthd BRBPLASALS Fhfa o
be used for different cont th t, dat |
fromthe 20 LimarplLarmbiitel | filted ko ARy ppeﬁoﬁﬁr-%ﬁi St Sppdren”™™

physi cal quanu%i/to be detected so that it can bear nore information than
t hat out put dat % al fromthe digital sensor, which is nmade to

e O e ol R it hh Kok ?s?éedﬁhé%ﬁﬁt L EORRE
devel oped in agya bft§a§i%i’t£f ﬁgﬁdt téfﬁﬁﬁaﬁibg%ihﬁ%i

repl aced”by the an 0g sensor to such .a con system as caf perform a

system control p 3'v L Ifr%z%wsﬂs@'bfyan 1hOrEy8s. mntheeneﬁ%arwaer &hlehe

nmonolithic ICh s digital 1nput termnals relatively increased.is

used, the aboveardid¥ raspu® ﬁdﬁmﬁiangﬁcbeaomﬁomﬂhmut{c eaemiee Yehe

analog input termnals are 5 rel atively reduced
~readily used in a control system having a relatively

by the prOV|S|on of* an increase in the number of the anal og input _
system {

large number of digital input signals. On the contrary,
10 the monolithic IC, which has its analog input terminals
substanfially reduced by the provision of a relatively
large number of the digital input terminals, is
difficult to adapt for use in a eontrol'system which is
fed with a«relatiyely large number of analog input
15 signals. | . |
- Accordingly, the above described monolithic
IC cannot be réadily adapted to be used for different
control systems. |
For example; the outpﬁt data signal from the
20 analog'Sensor;has 1ts level made proportional to the
physical quantity to be detected so that it can bear
more information than that output data signal from the
digital sensor, which is made to correspond to whether
the physical quantity to be detected exceeds a certain
25 threshold level or not. Therefore, the control system
developed in advance can be easily changed,"if the
digital sensor can be replaced by the analog sensor,

into such a control system as can perform a system control



ital input termnals required, the size of its package has to be s

arged because of the increasg in the nunber of external 10 | termnal s®
It is an object of the present Tnvention to provi de a sem conduct or,
integrated circuit which fornms at |least a part of a digital control system
and whiogh héghex tqual itipd addpweverit inetbe e¢ase whezeatheely small 15 -
number of external_termnals, According to one aspect _of the present (Vs
i nvent momalddiic TG havirg Ltai @i-sétageﬁrnbﬁﬁdﬁémﬁ-nﬁﬂtseg\emv@mU| t
|nclud|ng 4g|JraI|t of external tern1na|s a digital

si gnal ingH 4 &# tusegs sHh® RPYENESP Fﬁﬁﬁg "c"Pr gysteme§hgRgeve to an

nal g HF ; E”iﬁiiicéiﬁfééﬁéééé?tﬁﬁeaﬂeiﬂs e

L_nput term of %f igital signal input circuit and said anal og signal
5nput & v i P S PUT g 5t one of said plurality of external term nal s.

d .
brovi ded s di g1t sl b Precrete BhoRenShe BbRPL L Rig AL a8 G B8 t i nol udi hg
2 bl wiigged w6 66 shel 82k dfgﬁtgitihpakg%akmfwgfgcnﬂput cireuit;

required, the size of its package has to be enlarged

<:ij};he case where the nmonolithic ICis to be equi pped with 4he anal og and
d
e

because of the increase in the number of external
10 terminals.

It is an object of the present invention to
provide a semiconducfor integrated circuit which forms
at least a part of a digital control system'and which
exhibits a good adaptability even with a relatively small

15 number of external terminals. -
According to one aspect of the present
monolithic
invention there is provided a digital semiconductor{
integrated circuit including:
a plurality_of external terminals; -
20 | a digital signal input circuit;

an analog signal input circuit responsive to
an analog input signal for supplying a digital signél
corresponding to said anaidg'input signal; and -

at least one common terminal for connecting

25 input terminals of said digital signal input circuit and
said analog signél input circuit with at least one of
said plurality of external terminals.

According to another aspect of the present



5 an anal og signal input circuit responsive to an anal og i nput
signal for supplying a digital signal corres- ponding to said anal og i nput
signal; and at | east one common term nal for connecting the input/ output
termnals of said digital signal input/output eircuit 10 and the input
termnal of said analog signal input circuit with at |east one of said
plurality of ekteentiohethenel s Phovpdedent digvidatli Gemiiqandusizdye mono-
described in greater detail by way of exanple with reference to the
acconpanyi ng dtathhgsinteeratgdisircuit ingl@dd®dl sis a bl ock di agram
showing the circuit of one preferred enbodi nent of a digital sem conductor
mono- 1ithic integrat@&dPépraditycest egtespale FePHARE2 is a bl ock di agram
showi ng part of the circuyit bl ocks sgown in/Fiqgre 1l.in ngter detail; and
20 Figure 3 i & 9iBisaR §LIgram SR/ P B G4 of a second
enbodi ment of a digital senmiconductar, nonolithic i.ntegrated circuit_control
system Refgrring fir8p FBQEPBUFégTFItH8R5QNQ%ﬁC zkﬁééﬁﬁﬂﬁﬁhx%wt%ﬂﬂglLthic
integrated circuit control i ncl _ ] C{.Q-. S ﬁ.g@@ Ls ,
construct ed inaf‘ﬁzogof‘ﬁrpgft §¥L§%‘§Tc%%5"l %%t?&q'sft%ﬁlagcrgs(eanﬁ ‘onduc oéra{&ll ht egrlg ad
circuit - 6- ed 0% 3Gl iﬁoy 2 di .. Thg, 4 cro- processor
I ncl udes: an Sgggggﬁaggr fq%hggﬁ.h sqi S ckﬂé?f%ﬁht and output termnals
coupled to an 'hterhagtdQEQSQU%dé RSN ATrAGEIME Y Wonddéting the input/
output terminals of said digital signal input/output'circuit_

10 and the input terminal of said analog.signai input circuit
with at least one of said plurality of external terminals.

The present invention will now be described in
greater detail by way of example with reference to the
accompanying drawings, wherein :-

"15 ' Figure 1 is a block diagram éhowihg the circuit of
one preferred'éﬁbodiment of a digital semiconductor mono-
lithic integrated circuit control system;

Figure 2 is a block diagram showing part of the
circuit blocks shown in Figure 1 in greater detail; and

20 Figure 3 is a block diagram showing the circuit of .

a second embodiment of a digital semiconductor monolithic
integrated circuit control system.
' Referring first to Figure 1, the digital semi-
conductor monolithic integrated circuit control system
25 includes a micro-processor 1 which is constructed in the

form of a one-chip monolithic semiconductor integrated

circuit-

{



Ister 4 which has its data input and output termnals coupled to the

ernal data bus line BUS;; and an arithnetic and logic unit 5 which
receives the output data of the accunulator latch circuit 3 and the
tenporary 10 regi ster 4 as& ts operand. The circuits 2 to 5 together
constitute an arithmetic unit and have their respective operations .
control | ed by the control signals which are generated by a timng control uJ
ci r cucomposefdeofr cdmeuditc blogkso@ durll8. 5 has its 15 operation
controlled by the output signal of the timng control circuit 8 so as to
perform an arithﬂ@@iEiGS@hﬁﬂQQ¢%ﬂﬂﬁ1%ﬂ&kﬁﬁﬁ§1cnﬁ%ragﬁﬁﬂﬁ%BFPBn or an OR,

oo, cBsuieh!fas sta e demuik it st RerniRaleboveledll ' Lonar
whi ch d,b l'ied h
?ctﬁﬂﬁéi - 15%BHAAoHale A dvhs HINS iR Seemakalon CafeB O ccescor
2 [ d
57 ande ST REH He @?Peigneaa@ief’ C‘%&f‘%ﬁ%ﬁ%ﬂﬁ%ﬁ?ﬂﬁ 2Eooher 7. The i rou ts
6 10 BohQURLAG rERARKRTHUC A AN 14N laa o hfSE  HAAT llebRYI Ster 6 i

provi receive an I ns supplle to the interna

dat a gB u | TRaad ata buffer 11
fron1ga?%a onl gsﬁggggyq%ba?¥«§%&?5¥%§¥kaé*£nﬁh$ i@h&’BﬁS énd _
an arithmetic and logic unit 5 which receives the output

<f§% “circuit 3 which is coupled to the accumul ator 2; a tenporary
$

data of the acéumulator latch circuit 3 and the temporary
10 register 4 as its 6perand.~ The circuits 2 to 5 together
constitute an arithmetic unit and have their respective
operations controlled by the control signals which are
generated by a timing control circuit 8.
The arithmetic and logic unit 5 has its
15 operation controlled by the output signal of the timing
' control circuit 8 so as to perform an arithmetic
operafion such as addition or subtraction or an OR, AND,
exclusive or logical operatioﬁ.
The output data of the arithmetic and logic
20 unit 5 are different in accordance with the control signal,
which is generated by the timing control circuit 8, and
are supplied to the accumulator 2 through the internal
data bus line BUS. ' | |
. The micro-processor further. includes an
25 _instruction register 6 and an instruction decoder 7 and a
machine cycle encoder Z included within the decoder 7.
The circuits 6 to 8 together constitute a control unit.
The instruction register 6 is-brovided to



I's | ocated outside the nicrd-proceSsor 1. 5 The instruction,
whigh is received by the instruction register 6, is supplied to the
construction decoder 7 so that it is.decoded thereby. The resul tant

out put of the Instruction decoder 7 is fed to the machi ne cycle encoder Z
ocat’ed-.wi thin the decoder 7. 10 The- ffachi ne cycl e encoder Z generates a
variety of timng signals which are deternined by the output signal of. the
i nSTructi on decoder 7. The timng control circuit 8 has its operational

ti m'ng control | eeckivehenc lostrctions whichi 5is suppidigdpedtike: tnternal
control termnals so that it generates both a bus control signal for

recei vi ng the déa%af busi Lidmet BUScthnowgh @&n exkernakdate bus Line BT and
signal for witing out _the datg to the external , data bus |in 0
Moreover, the tBnfRkacSRELsr G%r dxom & ey (RALY, RERQTY @&AI@%ﬁbh as
an interrupt signal. fed . fromthe qrouped external contyol termnals, a

hol d si gnalo forgﬁohﬂf’ﬁg’eflh(?“?ﬁéﬂl}?ﬁ %ﬂ%p@cxf%'@%?%qﬁ’én *a reset signal so

that it fegds out a series Si S f LgRad i pgdi.cating
the receptfon of the int err%’_ﬁei 3%‘%3%0519’ %\%ﬁ f%a#%g?%g&th% ?fengept i on.’

O L1 oAUt el b, YOl S 44 g S8l enbofiiBbiBhion
further includegeoder 7 so that it is decoded thereby. The resultant
output 6£ the instructi&h decoder 7 is fed to the
machine cycle encoder Zkéocgted within the decoder 7.
10 The machine cycle:encoder Z\generates a variety 6f timing
| signals which are determined by the output signal of the
instruction decoder 7. |
The timing control circﬁit 8 has its
operatiohal timihg controlled by the clock signals fed
T15 from grouped external confrol terminals so that it
. generates both a bus control signal for réceiving the
data fed from the external data bus line DT and a
strobe signal for writing out the data to the external
data bﬁs-line DT. | |
20 Moreover, ihé timing control circuit 8
examines a series of signals such as aﬁ'interrupt'signal.
fed'from-the grouped extefnal control terminals, & hold
signal for holding the operations of the system and a
reseé'signal so that it feeds out a series of signals
25 such as'a’flag signal iﬁdicating the receptién of the
' intefruption or a :iﬁg signal indicating the reception
of the requirement for the hold through the grouped

external control terminals'ih response to those signals

€



egi ster group 9 which consists of general purpose registers, a.stack

pi nter and a program counter. 5 The general purpose ¢
egisters of the register group 9 are used for nmenory operation in addi tioff
for handling data (including double |ength data). The stack pointer is
used to nenorize the retur - &ldress of a subroutine junp. The program 10
counter is a register for nmenorizing the address of the instruction to be =«
subsequeBminedgad out, and its data are increased one by one each tine one+
instruction Is executed except for when the instruction to be fed to the

i nstruction regi st @hed micro-4pirocédsor ubhrther 1includes a . An address
coder 18 also located within-the mcro-processor 1 receives the out put. of

he gepegdisteur group &yiwiiih dondikstegost gengralppirpodegenerates a signal
for controlling circuits 15 to 17 to be descri bed hereinafter. It should
be not pdgilsdershe 2@Btack puintd’ and 1§ progbancoatmbersd by the general
pur pose registers of the register group 9. However, by using the address
dBcoder circuit 18Thehgenerak (BuIPese EeztahGHSngb§heontrolIed even wifh
the use of a small nunber of the eneral pur pose regi sters. 25
An addregdstery group 4 areiused foR ReBeRY 9PB€B§§9F1 A0 ecei ves the out put

ot hesaition Fonneirie dkve: Ceatbhe dpuble Tengtho 1 fi0a>°
buf f er lJE EjffeCtTix p %c(ichareqiexfteor :{s used to memorize the '
return address of a subroutine Jump. The progrem

10 counter is a register for ﬁemerizing the:address of the

" instruction to be'suﬁsequentlj'read eut, and its data
are increased one by one each time one instruction'is-
executed except for when the instruction to be fed to
the instruction register_G is a jump instruction.

15 . - An address decoder 18 also located within
the micro-processor 1 receives the output of the general
purpose register of the register group 9 and generates
a signal for controlling circuits 15 to 17 to be
described hereinafter. It should be noted that the

20 circuit 15 to 17 can be controlled by the general pureose_
registers of the register_group 9. However, by using
the address decoder circuit 18, the circuits 15 to 17
can also be_controlled even with the use of a smail
numbér of the general purpose registers. o

25 - ~ An address buffer 10 also within ‘the micro-
processor 1 receives the output signals from the register
group 9 and generates an address signal to be fed to the
ROM 19, a RAM 20 and an interface circuit 21. |



-\
data between the external data bus line DT and the internal data bus |ine (}é;
BUS. The external termnals [err] to [err] of the mcro- 5 processor 1

ar® used as the input termnals for -exclusively receiving t he anal og :
signals; and the external terminals P6yand [err] are used as the input and .
output termnals for exclusively feedifig and receiving the digital signals.

The external termnals [err] and P are 10 used as common ternmnals for
the i nput of the analog signals and for the input and output of the di taI
signal's. The external ternThel d2%ai bufferwilih effechsalintenchangesntrn
generated by an anal og sensor DET4, and the external termnal] P |s fed mn{h

the digital 5 déta betwees thechx&eengéndﬂaﬁeamﬁylénﬂMDWﬂﬁﬂﬂNth terna
external terminal Pis fed with the digital signals which are 6 generated

by a digital sdaterbmeTiine BH8.ext ernal terninal P7 is fed with the

digital signals which are used to driye a

PL.. 20 A
digital input/output port &h€oexNterngl: FF@rl‘H %rpo]c&(ﬁ ©f Sthe Mierea

between the external ternpinals [err] t er nd t he r i sjer 15. Wet her
the respe2ti vePEQFREEQF teﬁﬁr‘-‘na‘l[s§ q @8 | "&[eoirgi’“gr% t digital input ‘

dat & whi ch_ ar cESPSREAVED L%%Lpiaﬁ%e%“-‘n%s FrEH T a5 B 12010 the
register 15 arg temat' ¢2tmifa1T W, Wi e Uddh 41 £HS " LFk Ona
| output terminals for exelhsively feeding and receiving the
digital signals. The external terminale_Ph and'P5 are
10 used ae'eommon terminels for the input of the analog '
signals and for the input and output of the digital signals.
The external terminal P, is fed with the
analog signals which are generated by an analog sensor
'BET,, end the external terminal 155 is fed with the digital
15 signals which are generated by a switch SW. The external
terminal P is fed with the digital signals which are
generated by a digital sensor DET5. The external
terminal P7 is fed with the digital signals which are-
used to drive a lamp PL. |
26 | . A'digitel input/output port also within the
miero—precessor 1 is connected between the external
terminals P, to P, and the register 15.
Whether the respective external terminals Ph
to_P7 are used as the digital input terminals or the |
25 digital output terminals is determined by the control
data ﬁhich'ere stored in the register 15«
' The control data to be fed to the register 15

are fed out of the ROM 19 together with the instruction.



gnal which is supplied fromthe address decoder 10 in accordance w thf the

- The input timng of the control data is controlled by the control
eXecution of the programwitten in the ROM 19. 5 . The L

~register 15 has stored therein both the digital input data, which are fed
t hrough the input/output port0 12, and the digital output data which are fed
fromthe internal data bus |line BUS until it is to be supplied to the

ext erfal 1heut %mnanaﬂdaaﬁné control data I¥ecsherbilednbyt tHata, which arg
stored in the register 15, -are witten in the RAM 20 t hrough the internal

dat acbutrolneigdalawhicle intsupplied firom/thetaddpbssedeebdered t o
operations, that is the storing of the control data in the register 15, the
15 snOrdngacbdmdmnnqywiﬁh(#hqnaxebutaonnUfthherpndgngmoprdameun of the
digital input data, which are stored in the register 15, are suitably

ef f ednedhien RO dQdance with t he programwhich is witten in advance in the

ROM 19. For exanple, at the tine of WW|t€%3 the 20 kgltal I nput dat a,
Swhich are fed to The negisten 1§Nh#$m§t? | theredn Raghothethere is fed

St or B4E4Fed dRRIR ek O, s £9A| EnzPudiqtie ApRt v‘ip“”g e
ag”“%%hs PR PN P g e
2,5, R ) S B L FH TR SE0Bba R 7 11 M
to the external terminals Py to P7
10 The digital input data, which are stored in
the register 15, are written in the RAM 20 through the
internal data bus line BUS and the data buffer 11.
All the above referred to operations, thﬁt is
the storing of the control data in the register 15, the
| 15 %istoring of the digital-output data, and the reading;..
operation of the digital input data, which are stored
in the register 15, are suitébly effected in accordance
with the program ﬁhich is written in advance in the ROM 19.
For example, at the time of writing the
20 digital input data, which are fed to the external terminal
P5, in thé RAM 20, there is fed out of the address_decoder
18 the control signal for transferring the stored data
of the register 15, which is stored to have a value
corresponding to the digital input_data fed to the external
25 terminal Pg, to the internal data bus line BUS:
Likewise, at the ¥ime of writing the digital
input data, whic£ are fed to the exteinal.terminal PG,'in
the RAM 20, a control signal similar to the above referred



¢ 11 - to one i-s fed out of the address decoder 18. Incidentally, the "
prqgranq*cw witing the digital input data in the RAM 20 which are fed fronﬁ”ﬁ
an el enent such, as the starter switch of an autonotive 5 engine, is
executed-for a predeternined period of ftne at the start of the engine.
On t'he ot her hand, the programfor wTtlhg the digital input data in the
RAM 20, which are fed fromthe crank angle sensor of the engine, is '

exdeut ed once Q:%r ﬁ’gu_!regt pL. n\gs ‘%“éwtﬁ’?ﬁe dd r9§ss é/g& rl? mlliseconds.

In order to uset er m ha rr ferminal for the

br ogr am whi'ch 15 Lﬂicﬁ?ﬁdlﬁﬂm@éﬁ #?@E%%@?L%?ﬁ"?&%&f‘ﬁﬁ?‘ "
W th pover fro;&hg R Wata ﬁ§ fné RAM 20 PR1LAPEFE BHPEROROBN 12 S

control | ed by data set I1n the register 15 so as to transfer the

di gital out put edaidrith tth I e stdrter |1 hoDUn! SutbRBELLVET A

control ‘signal is supplied fromthe address decoder 18 20 whi ch is used
for settiBg sugheding,! dls @idblitehifor na ipredebeshtiiedSpapisdeofetimeom t he |
circuit 5to the internal data bus |line BUS. The mcro-processor | further
i ncl udes an anatoghuildtarteraf tiie vwnginéas i0n theudbthernhands thepl ed 25
to the correspondi ng external termnals [err] to [err] respectively, and
i ts output ter programforwniting theudigttal nihput data/ IncthecRAM 204.
The A/D converter 14 is supplied with that one

which are fe J)from the crank angle sensor of the engine,

is executed once for a relat;vely short period of several
10 milliseconds. ‘
In order to use the external terminal P, a
the output terminal for the digital signals, the ROM 19
has stored therein a control data presetting program
which is executed immediately after the system is supplied
Ts with power from a power source. As a result, the input/
output port 12 is controlled by fhe-control data set in
the register 15 so as to transfer the digital-output data
in the register 15 to the external terminal 97'. A
'control'signal is supplied from'the address decoder 18
20 which is used for setting such digital output data in the
register 15 as are fed from the circuit 5 to the internal
data bus line BUS. '
The micro-processor 1 further includes an
| analog multiplexor 13 which has its input terminals coupled
25 +to the corresponding external terminals P1 to P5,
respectively, and its output terminal coupled to the input
terminal of an A/D converter 1i4. |

The A/D converter 14 is supplied with that one



h2- of the analog input signals fed to the plural external-termnals which
g sel ected by the anal og nul tiplexor 13. The one external term nal ofethe
A ural external termnals and the selected timngs thereof which are 5
~“sel ected by the analog nultiplexor 13 are deternmined by the control signals
which are supplied froma Cort% &1 register 17. The control signals to be
stored in the control register 13 are supplled to t he |nternal data bus’

Iinegggghéo hro h the dat %lg%fr JY”O R%]\/# |tt|en V\nthhthe;)
pr og n @?; t 0 gna s In t he
ho’ FETRLBH Stehﬁ& e %ﬁﬂ%“%%ﬁ?%ei%‘??ﬁfgféﬁiﬁ are oY
determ ned by thgp A eﬁ%r‘ﬂh J st%fﬂﬂ' é . toagfeﬁr. the ROM 19. For

exanpl e, the |lev e analog in S gna supplied froma

t emg%@é#ﬁﬁ%%%ﬁﬁﬁmse'ﬂ?@hﬁ%@été’d t@fﬁmgs Othbfel#’ WRicA! ate

rela ow rate ore ufficient that such anal og

i npu S Uk McipYexor &l 3larel deterdined & On the
5ot he%e§ %?f@h ﬁgranal og |nput dat aﬂ{eo be s%pp lied froma det gCtl ng el enerft

Shor A8, UoasEe T i s e Seedcoaaetel, £ o ol
mul t ppgtsterli37are converted by the A/ D converter
 The control signals to be stored in the control
register 13 are supplied to the internal data bus line BUS

10  through the data buffer 11 from the. ROM 19 written with
the program, and the control signals for setting the
control signals in the control register 13 are supplied
from tﬁe address decoder 18. | |

Incidentally, the respective input timings

15 of the analog input signals are determined by the program
which is written in advance in the ROM 19.

For example, the level of the analog input
signals to be Supplied from a temperatﬁre detecting
element such as a thermistor is varied at a relatively .

20 slow rate. Therefore, it is sufficient that such analog
input signals are selected once for a relatively long '
period. On the other hand, the analog input data to
be supplied frgp a detecting element such as the tachometer
of th; engine are selected once for a relatively short

25 period. | _ .

Thé.analog input data thus-gelected-by-the
analog multiplexor 15.are.convérted by the A/D converter
14 into digital data signals of several bits.



si‘ggal s %upplied fromthe A/D converter 14 are stored ina register 16. The
digital data signals thus stored inthe register 16 are transferred to the
internal- data bus line 5 BUS by the control of the register 16 with the
ai d 'of .the control signals which are supl#i-ed fromthe address decoder 18.
The digital data signals in the internal data bus line BUS are witten in.

t hé~RAM 20 t hrough the dat amfu!f6s1 el a signals supplie@' #86m! @hkecCei ve
t he "anal og i nput signal fed to olﬁée%%t%text esrr#lal ter?r?-nal s, the group of

the prograns anRgpextiveddter o) dr¥ Sireddin e {§Persq@pals in the
control register 17 and also for transferring the digital data signals from
the register 16 to the int ghwldiigitallaiatdusighals Bthust stbredndnothehe
Al D conversion. The termnal [err|] of the comon termnals P4 and P5 is fed
with the digitaeglishext 46 aréhcirensferred o gthe imtermalhdatanbus line
termnal P is not detected as 5 an anal og signal. 20 As a
result, tBe ROBUSObyodhensontrol aabhrihe iregbster hté pwithatheoaid of the
transferring the signal, which is fed to the cormmon termnal [err], to the

i nternal data lsontnole signals ahjich rare swppl ked ( fpemxthe 18ddressas/ D

converter 14 and the reqi ster 16. 25 ' I n other words, the ROV
19 does not- hagecoder 18. The digital data signals in the internal data

bus line BUS are written 1n_thg RAM 20 throggh the data
buffer 11.

14 into digital- data signals'of several bits. -13- The digital data g

/

10 : - . In order to receive.the analog input signal
fed to one of the external terminals, the group of the
programs are executed, both for setting the control signals
in the control register 17 &nd also for transferring the
digital data signals from the register 16 to the internal

15 data bus 1in§.BUS at the end of the A/D.convefsion.

~ .

2ﬂThe terminal Pg of the common terminals P,
and P5 is fed with the digital signals. Therefore, the
signal fed to the common_tarminal P5 is not detected as
an analog signal. _ .

20 -~ As a result, the ROM 19 does not have stored
therein the program for transferring the signal, which
is fed to the common terminal P5,'to the internal data
bus line BUS through the analog multiplexor 13, the A/D
converter 14 and the register 16.

- 25 | In other words, the ROM 19 does not have the

| instruction=of setting the control signals written therein
which instruct the aforementioned ferminal_Ps, in fhe

control register 17, The ROM 19 is not written with the



truction of setting the control signals witten therein which instruct
e aforenentioned termnal P5, in the control register 17, The ROM ¥ is
not_wwitten with the -14- instruction of transferring the set data
havi ng no special neaning fromthe register 16 to the internal ‘data bus

| i ne BUS. Thus the A/D converffet 14 can be prevented from being
unnecessarily operated, and the nunber of the 5 I nstructions to be

g“;'r:te“ 'l“tErH n?é’«%% SRR e"”@??ysé?%ﬁﬁ Rhvine 85, 8pgetpl 7 10, (0T
na | exor t

ter Reafing %r éw%e ?%k&it*?r A EoTHS | Ehodfnal BUER Bhenlo CROS Ey
_ ﬁ_z&%ﬂ?@g} ‘! %wg{fgéﬁe&ew'ehthe #pevehted the register 16

to t ata bus line Is not witten in the ROM 19. It should

be “Q}%I b Emiﬂ fa{-.edr]aﬁadtﬁé AtAbegedrathehe anal og

si gna term nal t'he d|g| signal input termnal, and that

st he ispairdiits RY tbelzd-ﬁw@dem%néhaom 15i ganobepeduealance
characterlstlcs for the termnals P4 and P5. As a result, the anal og |nput

Si gnthlmeiitag.rly,heusb sighalspat thenterntnal 1:3 maysbepl i ed to the
termnals [err] and [err] is prevented fronrbeing affected by the

Inpuhh@dndﬂtﬂvﬂdlﬂ#Zsﬂ%me@onntthetregiatdropérzhronghftmne-circuits
descri bed above will now be described in greater detail with reference to
Fi guamalog multiplexor 13 and the A/D converter 14. Even '

in this case, the terminal PS can be prevented from being.
10 substantially selected by the fact that the instruction

of transferring the data from the register 16 to the

internal data bus line BUS is not written in the ROM 19.

It should be neted-that.the common

'terminals'Ph and P5 are used as .the analog signal ‘input
15 terminal or the digital signal input terminal, and that
the input/output port 12 is made to exhibit high output
impedance characteristics for the terminals'Ph and P5.
As a result, the analog input signal’'level or the digital
input signal level to be supplied to theiterminals Ph
20 | and P5 is prevented from being affected by the input/output
port 12.

The construction and operation of the circuits
described above will now be described in greater detail
with reference to Figure 2. _

25 Referring to Figure 2, the multiplexor 13
comprises transfer gate MISFETs Q,c to Q,y which have
their respective gate electrodes coupled to the control

register 17.




25 . Referring to Figure 2, the nultiptexor 13 conpri ses Cé§>

transf & gate M SFETs [err] to [err] which have their respective gate

el'ectrodes coupled to the control register 17. -15- The register 17
conprises a latch circuit 17a and a_dgeoder circuit 17b. The | atch
circuit 17a has its input ternminals (ofly three of which are shown for
clarity) coupled to the internal data bus |line BUS 5 t hrough respective
thansfer gate MSFETS Q toh@ .ragdsiter A7t Rénprasdsd d I el etré@ithe
|nput termnals of the decoder. circuit 17b. Agai'n, for the sake of

clarity, only gfiaeanduahdeenaest careudrie 19awn. THee laotdh diregitt¢7al7 has
stored therein 10 the signal in the internal data bus |line BUS by renderlng

the M SFET [erhas ttsdinpute termimsian{only tihren tqflitwisdcnaaref shiwen
address decoder 18. The decoder circuit 17b decodes the signal of the latch
circuit 17a thforebglgehsydt coypiedi Goaltheodnternale|dats rops iinenBUSf t he
transm ssion M SFETs [err] ‘to [err] in the nultiplexor 13 which
corresponds tothreughgrespestdiveetrapafies gatsh “‘I§WQ Qyato Rz amdsult,

the selecting ogeratlons of the pultiplexor 13 are executed such_t hat the

address si gnal 138 °u'tH§itr Eermin 3t1I$e°t°é@1§der °l7th% inpht i termingd  nef
Mt pl exor - sotBe: 8acA38R GAECHIRTES ( o AGRLTH At LG Bk L | ST b,
only three such connections are shown. : '
The control register 17 has stored therein
10 the signal in the internal data bus line BUS by rendering:
the MISFET_Q3 conductive ;n response to the output signal
of the address decoder 18.
The decoder circuit.17g decodes the signal
of the_iatch circuit 17a thereby generating a sigﬁal for
15 selecting that one or_the'transmission MISFETs Q15 to
on_in the multiplexor 13 which corresponds to the signal
received by the latch circuit 175.i
As a result;.the selecting operations of the
multiplexor 13 are executed such that the address signal
20 instructing the register 17 is supplied from the
register group 9 to the address decoder 18 and such that
the multiplexor-selected data are supplied to the internal
data bus line BUS. ) -
' The register'16 has its input terminals
25 connected to the respective output terminals of the A/D
. converter 14 and its output terminals coupled to the
internal data bus line BUS through respective transmission

gate MISFETs Qh to QG‘



e register 16 has its input termnals 25 connected to the respective
;Pb tput termnals of the A/D converter 14 and its output termnals cou ed
o the internal data bus line BUS through respective transm ssi,on gate
M SFETs [err] to [err] -16- These transm ssion gate M SFETs [err] te
"[err] are rendered conductiwel®hen the address signal instructing the
register 16 is supplied fromthe register group 9 of Figure 1 to the

dd decoder 1 As_a lt, Lh : ' i.gnhal s, which ~
are supplted f1om Tesey ruRiRLpsLoh fas IHEFRTE BOW) Ok T D, O ©
| i_ed the i I b | ] h : } SIS t
1 Srerendehes GonthitEfys iihdn e pAFréYS pIRRML ARt aieT T8 T
the di gl ' I L LS4 | . lgff i 12 d 12b
i ch RaFRssh M 1 ARGpERdq FhUR EHP PpRukeR grdtungnof (%10 (e
term algale’] led nETdddr€spoaboYabY- 180 [ RBUE Réstart,amnd fier 122

conpri's hi gh 1 nput 1| npedance circuit such as an inverter having a

5‘ SFER AP édiﬁfeiéim%i%@éléﬁvﬁhsehy_aﬁéf sopplilied drem the &/Bignal fed ,
romelther the output buffer anplifier 12b or the external sensor. The

out putediifdreternml i €6 cthé 2begiatersa6,aare furrthest mupplitediito having a
M SFET. The gate signal for controlling the operation of the output
buf f ertireminférnall 2ats bupplind BUSmthroughh ther driansitiss¥on he register
" gate MIsFETs Q, to Qg. | - |
The input/outpu# port 12 for receiving and
10 feeding the digital signal comprises input and output
butfer ampiifiers 123 and 12b which are coupled in a one-
to-one relationship with respect to the terminals P, to
P, respectively.
The input buffer eamplifier 12a comprises a
15 high input 1mpedancé'cifchit such as an inverter having
a MISFET so that itldoes-not adversely affect the level of
the signal fed from either the output buffer amplifier
12b or the external sensor.
The output buffer amplifier 12b comprises a
20 tri-state circuit having a MISFET. The gate signal'tor
controlling‘the'operatidn of the output buffer amplifier
12b is supplied from a latch circuit 15¢ in the register 15.
if the output signal of the latch circuit 15¢
is at a high level, for example, the output buffer
25 amplifier 12b 13'rendered'opérative in order fhat'a
digital signal at a high or low level is supplied from
the output buffer amplifier 12b to the external terminal

P,. If, on the contrary, the output signal of the latch



If the output signal of the latch circuit 15c is at a high level, for (é;i
exgnpl e¥ the output buffer 25 -amplifier 12b is rendered operative in

order ‘that a digital signal at a high or low level is supplied fromthe

out put.~buff.er anplifier 12b to the external term nal PA4. If, on the

contrary, the output signal of t he < dlctr circuit 15c is at a |ow | evel,

the output term nal of the output buffer anplifier 12b is rendered to have

a % gh i npedanggreliate 19g 15 iﬁt& Now vl ,Thene eslitpet Sérminali ofsthe

first latch circuit 5 , ich is receptive to the output signa

suppl i ed from paeputd Bufifeh’ ampliiftiidr e12d 2 oferideredpto /haveua high 12, a
second.latch circuit 15b, which is operative to feed the signal to the

i nput terninal jgpedanceutataterf & figatingrst®be. and a third latch
circuit 15c (previously 10 referred to) which is operative to feed the .
gate input signal to the ofheutrdgister dfp conprises aThirst: patchepirguit
of the latch circuit 15a, which corresponds to the external terninal, P4,

the i nput 5t er nii5al, ohiche imineceptine ttasthe patput signali suRPhied) Sromyf

the latch circuit 15c are connected in conmpn t first bit Line of the
nternal data fhe MnputBUuRAen ARPYIEIER 148 AL GBe WRBREACUFDHE Do

NG R RIS T R S T TER R UL
oS OeCted L ol U GRSl yePhlokd e BEE SR BRI
termnals amplifier 12b, and a third latch circuit 15¢ (previously
10 referred to) which is operafive to feed the gate input
~ signal to the output buffer amplifier 12b,
The output terminal of the latch circuit 15a,
which cofresponds to the externai terminal Pu, the input
_ terminal of the latch circuit 15b, and the input terminal
- 15 | of the latch circuit 15¢c are connected in common to a first
bit line of the internal.data bus line BUS through
transmission gate MISFETs 07,'08 and Q,, respectively.
 Likewise, the input and output terminals-
| of the latch circuit in'the register 15, which correspond
20 to the external terminal P5, are connected in common to a
second bit line through transmission MISFETs Q,q, Qq4 and
012, fespectively, whereas the input and output terminals
of the latch circuit in the register 15, which correspond
_to thé-external terminal P7, are connected in common with
25 a third bit line through transmission gates MISFETs Q,,
Q14 and 015, respectively. | |
The transmission gates MISFETs 07 to 015 are
supplied with the addresses, which are selected by the



[t rmnal P7, are connected .in-common with 25 athird bit line through ¢
tf ansmi ssion gates M SFETs [err] [err] and [err] respectively., The

transm ssion gates M SFETs [qrr] to Q are supplied with the addresses,
which are selected by the = 818 address decoder 18. The anal og i nput
converted into a digital signal, and the digital input are nade comon by -
the igd@re3s daéadbpsiBi.ne BUS. As a result, the reception of the input 5 o
signals of the two kinds previously referred to is perfornmed by making the
address instructi Jhe ahallbg daput eonviited irtalid fdigital rsignad,anot her.
In the case where the common external termnal P5 is used as the digital

i nputah@rtheadigitaihdnpuitnare maldeywommbn the ey irsternalrdatan therein a
program contai ning both the instruction of resetting the latch circuit in.

t he rbwsslinel1BUSwhi cAscer respditds the mecentiomiefire ghaRutl SFET [err],
and the instruction of feeding the digital sjgnal, which is fed to the
:‘exteramabﬁnPﬁthPSF"Pokti-ﬁéslﬁ’re‘ﬁirﬂ%%lr?ﬁ%r%st?i% BUS t hrough the

transm ssion gate M SFET 0. JIn this case e 19 has neither the

i nst rH%?fBﬁmBa gXI paking t%#@ ﬁdénﬁﬁﬂ%é%atﬁ&@%g% %‘ﬁo?eﬁﬁﬁazf*ﬁ?t ruction
of selgcting,.Lh SFET of the nmultiplexor 13, witten therein. 20

Al so, %ghﬁnacﬂ/blgi%lggrmtt ? toa ﬁ@%i%%ﬁ%'{ he instruction of resetting the
latch circuit 15chf '

(Eiié the latch circuit in the register 15, which correspond to the external

the case where the common external terminal
P5 is used as the digital input terminal, as shown in
10 Figure 1, the ROM 19 has written therein a program containing
both the instruction of resetting the latch circuit in
the regisfer 15, which corresponds to.the transmission
gate MISFET Q,,, and the instruction of feeding the digital
. signal, which is fed to the exfernal terminal P5. to the
15 internal data bus line BUS through the trangmissiqn gate
MISFET Q4. In this case, the ROM 19 has neither the
instruction of selecting the transmission gate MISFET 011
nor the instruction of selecting the MISFET Q,, of the
multiplexor 13, written therein.
20 Also, the ROM 19 has written therein both
the instruction of resetting the latch circuit 15¢ of
the register through the transmission MISFET Qg and the
1nstruction of seledting;the transmission gate 019 of
the multiplexor 13 but does not have written therein the
25 instruction of selecting the transmission gﬁtes 07 and Qa.
The integrated circuit shown in Figure 1 is
used to control the performance of an internal combustion

engine.



s

the register through the transm ssion M SFET 09 and the instruction of 2

sehectihg the transm ssion gate QL9 of the nmultiplexor 13 but does not have

witten therein the 25 instruction of selecting the transm ssion gates
[err] .and [err]. The integrated circuit shown in Figure 1 is used to
control the performance of an i nternat ¥mbusti on engi ne. Referring to

Figure 1, a therm stor DET1 for detecting the tenperature of engi ne cooling

warér is connect ed betweenﬁdfeﬁvmngrtﬁ Prgurea, [€rthephisbor DET, for
m croprocessor | and earth, and.a |l oad resistor [err] is 5 conngcted

bet ween t he thd@Medtﬂngeﬁhd temperdture nof eigine otoalingowater| dsr | | f
an el enent having a negative tenperature coefficient is used as the

t her m st or DETconneetaﬂ1hgpweqqﬂtnniexmernabxtermbnalqu1n£|tperr]
decreases as the tenperature of the engine cooling-water rises. '
‘In a sinilar madeaopreqessar st angd ewarthorandiaciead rﬁ§1§§ﬁ§eaqté§e of
the air intake into englne and a | oad resistor R are connected to the

ext er nal Per ni ggmnected f QﬁVQﬂﬁeﬁhﬁeﬁhﬁr@%ﬁh%ﬁégﬁg1tﬂ6 f Rowerpingdi pfake ,

i"oir;)rliei"Q”?Z?d Fagaramica gy o F eﬁm Hmi“ngﬁéﬁisga 8 with

e o U0 g St T AR o B BebAbgpfhr

external ter 3@%& qﬁvgetﬁppafgategetwosﬁtwwgmaa&r 820kl 2As el
as the_temperature of the engine cooling water rises.

10 | ‘Ina similar manner, a thermistor DET, for
detecting the temperature of the air intake into engine
and a load resistor R, are connected to the external
terminal P2. | _ |

A flow meter DE$3 to measure the flow of
15 intake-air, is connected to the external terminal P3.
The flow-meter DET3 comprises a resistance member and a
'8liding contact which can be moved with respect to the
resistance member in accordance with the rate of flow of
intake air. -As a resulf, the intake air flow meter
20  supplies the. external terminal P3 with a voltage whose
magnitude is proportional to the rate of flow of intake
air.
- A tachometer DET, of the internal combustion
engine, is comnected to the -external terminal Ph‘ The
25 tachometer DET, supplies the terminal P, with a voltage
which-is~propoftional to the engine R.P.M. o
A starter switch SW. of the engine is connected
to the'external termigai P5.



external term nal P4. The 25 tachoneter [err] supplies the term nal

~ait. A tachonmeter DET4 of the i nternal conmbustion engine,is*connected to
rr] with a voltage which:is proportional to the engine RP.M A starter

= . switch SWof the engine is connected to the external termnal P5. , -20- A

crank angl e sensor’ DET5 assec2@ted with the engine, is connect ed to the
external term nal P6. The sensor [err] is constructed to generate pul se

6 -
' I t hi gh . LaRk- ft g ' | hed 5 o d
angutar position, & grenb ElgldceenaR RETS eesqtidel Reflf e

angul ar position, ees. er hé external ternina

P71 dipgthdlS £ Sofpetbd’ 8b the! Qictdirhalld teribING of amngycessive

engi ne mpetature, for exanple. amp PL is connect®d to a buffer

Ci I CUiderifbM BT, ' £6 C6¥RE ISR toOgbRdrate Dilde'dligillLat@that it is
it when the end?ne tenperature reaches an abnormal level. An interface

Ci rcuifigh levéXdwhénhthéecpank-shafitgisl aftr anpriedeierapiatedxt er nal _
termnals CONT of the m croprocessor 1, the address signal from an address

% |lumpuiarmpbsition) aefgoy Ohdegreeshus DT.  The interface circuit 21
has a plurality of output lines Z to Z and contains therein (not shown) a
nurmber of menory cﬂnc'hhesotherhhand,rthpecwbmk&mm%ﬁ}he addr ess
signals of the address bus AD and which have their -20 states determ ned
by thesimsediaman ortput termiped for giving a warning of an
excessive engine temperature, for Qxample. A lamp PL
is connected to a buffer circuit 30 which receives the
10 output of the terminel P, 80 that it is 11t when the
engine temperature reaches an abnqrﬁal level.
 An interface circuit 21 is fed with the
control signal from the grouped external terminals CONT
of the microprocessor 1,'the.addre$; signal from an address
15 bus AD and the data from the data bus DT. The interface
circuit 21 has a plurality of output lines Z, to 2,
and contains therein’(not shown) a number of memory
circuits which aré_respectively Selectéd by the address
signals of the address bus AD and which have their
20 states determined by the data signals of the data bus
DE. . . : |
The signal on the output liﬁe'z1 of the
interface circuit 21 is supplied through an 6dtput buffer
circuit 22 to an ignition coil 26, whereas the signal on
25 the output line zz_is.supplied through an output buffer
circuit 23 to a solenoid 27 for adjusting the throttle
valve in the inlet manifold of the engine. On the other

hand, the signal on the output line Z; is supplied through



supplrea t hrough an out put buffer circuit 22 to an ignition coil 26,

whereas the signal on 25 the output line Z is supplied through an out put
buffer circuit 23 to a solenoid 27 for adjustlng the throttle valve in the
inlet manifold of the engine. . On the2dther hand, the signal on the output -
line Z is supplied through _21- an out put buffer circuit 24 to an-

el ¥t r omagnet i Gani yRetpwe! bSO 281 relietens theasi Sl teomis é?ditom’l?ryﬂ%]
[err] is supplied to a relay 29 for energizing the starter notor o

engine. 5 fuel pump 28, owhereas the! E2inhlle oandhee outhutRANNE

stored therein not only the program but - al so the various interpolati data
which are det eris neuppiliedctohar relayi 20i foroénepgieinignthieo starawyi ol | ed.
For exanple, the angle of ignition advance 10 for the spark is determ ned
not only by thénaker ref Rilwe \engimeal so by ot her engine characteristics.
Therefore, the.ignition timng data for the engine R P.M have to be stored
in advancdin the ROM 19. Imporder tascansvol: thedengive,t HheeRPMAI has
characteristics for the ignjtion 15 _ tinming data are not stored in the ROW
in a manner to $RTAEherein not enlynthe prma@vbutt 83 sonttihee viaxripus but
only a selected nunber stored from whi ch _the internedi ate val ues can be
i nt er pol at ed. gihﬂ ta;waichpare: jeserminedobyc #eve reduced.

characteristics of the engine to be controlled.

DT. Thegsignal -on fhe output line [err] of the interface circuit 21 is Cg}é

For example, the angle of ignition advance

10 for the spark is determined not only by the engine R.P.M.
but also by other engine characteristics. Therefore,
the ignition timing data fof the engine R.P.M. have to
be stored in advance in the ROM 19. 1In this instance,
the data of the engine characteristics for the ignition

15 timing data afe not stored in the ROM in a mannef to
correspond all the engine R.P.M.s over the entife range,

~but only a selected number are stored from which the
intermediate_values can be interpolated. As a
consequence the capacity of the ROM can be reduced.

20 : Likewise, the solenoid for controlling the
throttle valve is controlled in accordance with the
temperature of the intake air, the engine temperature,
the engine R.P.M. and other engine'characterisiics.

The dhta of these engine characteristics for controlling

25 the solenoid are stored as interpbletion-datafin the ROM.

- The various engine control data when the
engine is practically at its operating condition are

prepared by the arithmetic operations of the microprocessor 1,



\ Li kew se, the solenoid for controlling the‘throttle val ve
ontrolled in accordance with the tenperature of ‘the intake air, thé
yne tenperature, the engine R P.M and other engine char acteri stics. The®

- a of these engine characteristics for controlling 25 t he solen0|d are
stored as interpolation dat a i22 the ROM The various engi ne control data
when the engine is practically at its operating condition are prepared by ‘
the ar t ' ' - 2 i s made
responth Ol 48, AR redRrbINe Ny O NETE I rom théPyaricts L

i nter pgbakb®s AR theovamidus di¥erpdTativn Ridd Ostlpbar thng to Figure 1,

when an ignrition 5 switch [err] i's turned on, power is supplied froma

bat t er gdBahcea inotHea ROM g age circuit 40 so that the voltage VB is fed

fromthe constant voltage circuit 40 to the respective circuits referred to

above. The anal og Refermirg o tFikgurept; avher af ignitibna engi ne cooling

water or the tenperature of the intake air, which are generated by the

t Ber m swéteh| Sy Lsartturned jormh@ower i csuppliedsirom acbatkseryperative, |

are converted I'n a time-division manner |nto digital data by the action

of theBakal 8gconsdiagit Moldmgeraircuit 40 e that thepvwoltagedi gital data

t hus converted are stored i'n the random access nenn&& %o § 20 by neans of
b¥yOt

‘the daVp B8s: eﬁhé"ﬂﬂal“%rﬁ?@% rEnkeage ehesulity €out put fromthe

nterface cir t
| respeE i%% circuits referred to above.

The analog data such as the temperature of
10 the engine cooling wateébr fhe temperature of the intake
air, which are generated by the thermistors DET1 and DET2
when the micrbproceésor 1 becomes operative, are
converted in a time-division manner into digital data by
the action of the analog to digital converter 14. The
15 respective digital data thus cqnverted afe stored in the
random access memory (RAM) 20 by means of the data bus.
The fuel pump 28 is rendered operative by
the output from the interface circuit 21.
| When the starter switch SW is actuated,
20 the relay 29 is energized so that the starter motor
cranks the engine. . _
In order to reduce the capacity of the ROM 19,
the data stored therein concerning the ignition timing,
for eéxample, are made to correspond only to certain
25 predetermine& sample R.P.M.s. |
As a résult, the data relating to the
ignition timing from the tachometer DETa'ror any engine
R.P.M. can be obtained by an arithmetic opefatioh, in



t hat- t Me starter motor cranks the engine. In order to reduce the capacity

of the ROM 19,. the data stored therein concerning the ignition timng, for
exanple, are nmade to correspond only tgo certain 25 predeterm ned sanple -
R P.Ms. As a result, the data rel atT tD the ignition timng fromthe
tachoneter DET4 for any engine R P.M can be obtained by an arithneti:c

oﬁération, in . . wWiigh the interpol atio ata in the 19 for,the sanpl ed
R P.M near an;}'ho"f:q &E‘%t_ mﬁ?&%&% sf%r'&ﬁgﬁgg%dgofhﬁg,e the
practical i.gnitjion..tiJr [ cal cul at fromtihe agpdai gni tion
timng based uﬁ@%p(lﬁﬂn&}%pﬂﬁ‘ g?eﬁxﬁeﬂgfa?\ﬁ @gﬁl %eggégo?aﬁg n8°?¢8maf‘ﬁe
ignition timn é%?eﬂrhned by the above referred to arithnetic
operations. In accordance with the ignition timing thus calcul ated, the
current in the primry W ndpyige 1 O URY b | 14 i tched off
so as to produce a high voItagéEﬁP??éfé%ggﬁ ar%&ﬁ?ﬁgﬁﬁgtggﬁh'hgggpark. The
i nterpol agi on ¢aidullatidit f¥IA hd Htoddr@! LphotibR thChk! Ba¥el'apon /-
accordance with the R P.M data of the engine, the tenperature data of the
15 engi ne costhe'@utdiut cihcthdccrank i agke sen®eraDBTE . dadafpom fthiecr red
so that the pulse control "signals for controlling the tfirottle valve are

gener at ed. Byl gridsdornpissingrdata determinedhbydthe -above refeireedultae
current S

Mhehfthe starter switch SWis actuated, 20 -the relay 29 is energized so (i}ib

arithmetic operations.  In accordance with the ignitibn'
timinégﬁbug'calculated, the_current'in the primary winding

10 of the ignition coil 26 is switched off so as to produce
a high voltage'in the secondary winding fdr?the-spark.

~ The interpolation data of the ROM 19 for

controlling the throttle valve in accordance with the
R.P.M. data of the engineé‘the”temperature data of the

15 engine cooling water and the air intake temperature data
are referred so that the pulse control signals for
controlling the throttle valve are generated. By these
pulse control signals, the duty ratio of the pulse current
of the solenoid 27 to be coupled through the interface

20 circuit 21 is'changed.-- The solenoid 27 has its meén
current changed by the duty ratio of the pulse current
so that the position of the throttle valve is controlled
in accordance with the duty ratio. -

-  The various process controls of different

25 requiremehté; in other words, the various proéess controls
having different numbers of analog signal inputs and
digital signal inputs and 6utputs_are made possiblé“by

a reduced number of terminals so that the general



0 he sol enoid 27 to be coupled through the interface 20 <circuit 21 is
ged. The solenoid 27 has its nean current changed by the duty rati.g

3 he pul se current so that the position of the throttle valve is _ ‘

““controlled in accordance W th gpe duty ratio. The various process caontrols

of different -25 requi renents, in other words', the various process

controls having different nunbers of anal og signal inputs and digital"

si gnal ygBUNG NG O VAT ST I000SE BbRLIN1E bedYRRM nunber of o~

termnals so that the general -24- usability of the various process

cont r oy cPoprioR B0 HoIC FHPErd L 1@ ERe! 1hbérhl® £omBuBH omOTbUSLI ON
engi ne. can be i nproved. Mor eover, process controls of high quality, i.e.,

of hi gengdhe caniite dAnproweld. 5 MPeSFed| cprocess Suntholg o a portion o
t he program even for the change in tkhe systemfromthe digital input to the

anal oghighuiquallityyr dsand, | refrhigh densbtyl aret alisbombde enbodi nent
descri bed above but can be so nodified that 10 the port is constructed of

sBch | ppssidile ameneldy hy tchanging arpeptionnofotheaphogram evenin this
modi fication, the common use of the terminals is nade between the input
port af@r Faeachange dnuitheaystemfeomthedigitad dnputetdinals in 15

- common,  varioys nmodi fi.cations can be nmade such that all of the anal og

i nput s thee 2RRdO& 3MRWEor such that all the digital inputs are made conmon.

The present invention is not limited to the
embodiment described above'put_can be so modified that

10 the port is constructed of-such ;nput and'output pdrts-
as are independent of_each other. In this modification,
the cdmmon use of the terminals is made between the
input port and the analog input.

Even in the case of usihg the terminals in

15 .common, various modifiéations can be made such thét all of
the analog inputs are made common or.such that all the
digital inputs are made common.

| Moreover, the construction of the microprocessor
can be modified in various manners., |

20. , Furthermore, fhe syatém for effecting the
various process controls is constructed of a digital
semiconductor integrated_circuit'cqnsisting of several
chips, comprising a microprocessor, a ROM in which.a control
prpgfam is_sfbred, ahd_a RAM for storing various data.

25 Therefdre, the anélog'to digital input/output circuit
containing the A/D converter may be provided, for example,
as shown in Figure 3, in the digital semiconductor
integrated circuit 19 comprising the ROM in which the
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Mor eover, the construction of the mcroprocessor can be nodified in various
manners’. 20 Furthernore, the systemfor effecting the variou
process controls is constructed of a digital sem conductor integrated
circuit.consisting of several chips, cqouprising a mcroprocessor, a ROMin
which a control programis stored, arm RAM for storing various data. 25
Therefore, the analog to digital input/output circuit containing the A&D

c erter may be

digital sem anae-.r SO Rrogran.d & mtanad Lo A EYRE TELRRP B APEh ¢ ne

~ 55 - bt ; . O E kh L

sem conglcj)(r:]: (r)? i ﬁ‘?’%&&%ﬁeé%&ic%%[q‘%@%f&%%né%%‘gg%ég%%gf‘%gggna:: a
21 i . . . o .

putout put 6 adlsiRe"fscilel 2 URd W pdifdaymtrey 21 76n R1CE ngy ) "¢

converter 14 an%&,ﬁ@ggﬁﬂ%&% 'storell] Nad WELEORS! £HE! LAButFbDEL

operations can connecting the data and address buses of the

digital sesicon Mo Nt apeeé; i LI b %6P- 1 tReoa#psor ;
t hr ough th? ext gﬁi}?“fét é&ﬂ;nd add#eiﬁwb%'se%@%mﬁf?h t%g di gi tglES
control system gopvairtie?d 14 aridANhé registess 16 dasdt #7. | nOWLLRUtAlE
circuit containing the A/D converter nay be provided in the digital

semi conduct or i glop@tairction,C Winiduwroperatidns 1Can RBé| effdctied biol e
system of the m croprocessor, ROM and RAM may be simlarly constructed of a
one-chip ~ connecting the data and address buses of the digital

semiconductor integrated circuit 19 and the micro-
10 processor throﬁgh the external data and address buses.
Moreover, in the digital control system
containing the RAM, the analog to digital input/output circuit
containing the A/D cohwerter may be provided in the .
digital semiconductor integrated circuit comprising the
‘15 RAM, and the whole system of the microprocessor, ROM
and RAM may be similarly constructed of a one-chip
digital semiconductor integfated circuit.



| onductor integrated circuit. -26- CLAIMS: 1: - A digital
. Cﬁwlfwm,ﬂmmmn integrated circuit including: a plurality of & ‘o,
e naI bltal signal input circuit; 5 - . an anal og

I nput - circhit® r €sponsi ve to-gg-anal og i nput S|gnal for supplying a
digltal signal corresponding to said-analog input signal; and at |east one
common t er gumwiM$ or connecting 10 i nput-term nal s of sai d digital signal-
input circuit and said analog signal input circuit with at |east one of
said plurality of ExditgibaltesemicahducRor mondldichiicalintegiradeduct or
monolithic integrated circuit according to claim1, further including: 15
an inter nalcieuit ntncludingeh el enent for connecting the output term nal
of said digital signal ut circuit to said internal 'bus line; and a

swi tch el enent foracBh%E%f¥h§ efecstiepnalogermipadgiznal of said anal og
signal input circuit_to ,said internal bus |ine. 3. A digital

semi conduct or nnno?|@h?bt?ﬁt%bgﬁ?édlﬂPPEuFﬁr&HéGPdlng to Claim2, wherein

said gnal og signal _input.circuit Lnc
g 9 9 an analog sggnai 1npug circuit responsive ‘

to an analog input signal_for supplying a digital
signal corresponding to0 said analog input signal;
and
at least one common términal for connecting
10 ‘input terminals of said digital signal input circuit
and said analog signal input circuit with at least
"one of said plurality of external terminals.
2. A digital semiconducﬁor monolithic integrated
circuit according -to claim 1, further including:
15 an internal bus line; |
a switch element for conheéting the output
terminal of said digital signal input circuit to
said internal bus line; and
é switch element for connecting the output
20 terminal of said analog signal input circuit to
| said internal bus line.
3. A digital semiconductor monolithic integrated
circuit according to Claim 2, wherein said analog

signal input circuit includes:



-27- a'plurality of input terni'nals connected to said\Ei?ETﬁa+~%eLnLQ§L§,

respgot Wvel y; an anal og nul ti pl exor. for. selecting one al og i nput
signals to be fed to said plurality 5 of input ter ( al og
to digital .converter which is supplied wth e out put*sign

anal og multi- plexor. 4. A digital seniconductor monolithic fntegrated
10. . circuit including: a prpa{xkh!ief{ oft ehpak terminalls, condiegited signal
i npeit / out put circuit; an anal og signal input circuit responsive to an
anal og i nput signal tersaif@pextegnaldigrindhals, reisgeaitiseliyesponding to
sai d anal og i nput signal; and at |east one conmon terminal for connecting

t he input/output term nals ah anallodi pulaipdegoa fiompselestimg cmecwf and
the input terminal of said 20 anal og signal input circuit with at | east
one of said pluralityhefanalegninpusr siigapds %0 be fadditg Salids @livediddat or
monolithic integrated circuit according to claim4, wherein said digital

si gnal input/output efritnpPrti kerpgealsisand “a digital signal input
circuit having its input term nal ,connected. to_a first of s%id i nput /
out put terminals; and - an analog to digital converter which is

supplied with the output signal of said analog multi-
plexor. | '
4, A digital semiconductor monolithic integrated
10 circuit including: -
a plurality of external terminals;
a digital signal inpﬁt/output circuit;
an analog Signal input circuit responsive
to an analog input signal for supplying a digital
15 signal corrésponding to said analog 'input signal;
and
at least one common terminal for connecting
the input/output terminals of said digital signal
input/output circuit and the input terminal of said
20 analog signal input circuit with at least one of
said plurality of external.terminals.
5. A digital semiconductor monolithic integrated
circuit according to claim 4, wherein said digitél
signal ihput/output circuit'inciudes;
25 a digital signal input circuit having its
input terminal connected to a first of said input/

output terminals; and

&



a di o [ gut circuit having its output termnal connected
a semn,ml,,'wullﬂmt[out put term nals and having its output & .
pgdance taphblle. of lsei mg raised to a high inpedance 5 = by a control ?

signal . 6. - Adigital sem condu@ger nonolithic integrated circuit .
according to claim5, fuither conprising: an internal bus line; a switch
el ement for connecaid@igibal osignallButpter pirguiaf hasiithgdiigis al si gnal
input circuit to Said internal bus line; -a switch element for coupling thew
i nput ternioktpwt terminali cahnecyad| wothpat secondi oft ®adal d i nternal bus
line; and 15 . a switch elenent for connecting the output termna
of said analrRubt/eutputnperminats andohauing atsr patpuds |ine. 7. A
digital senj conductor nonolithic integrated circuit according to claim®6,
further inctREIRPCSocapable of hefpgcradppdute Rohighoimpgdagias control
signak to digital signal output circuit; and a switch

he sugglied jo said | _ _ _ _
el ement forP%chne® Ty s&t @ *hternal bus line to the inputterninal of said
latch Ci“u%f' - Aggigital semiconductor monolithic integrated 7
circuit according'to'claim,s, further comprising:
an internal bus line;
-a switch element for connecting the output
10 terminal of said digital signal input ciréuit to
said internal bus line;
a switch elément for coupling the input terminal
of said digifal signal output circuit to said internal
bus line; and
15 a switch element for connecting the output
terminal of said analog signal input circuit to
said internal bus line. |
7. A aigital semiconductor monolithic integrated
- circuit according to claim 6, further including:
20 a latch circuit for storing said control
signal to be supplied to said digital signal output
circuit; and |
a switch element for connecting said internal

bus line to the inputterminal of said latch circuit.
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8. !A di gital sem conductor nonolithic integrated,gj It -according to
.any, &#m€ of the preceding clains, in conbination w thlmmmlmmamn I
system said control systemincluding: 5 ax LoV lﬁvice
having its.operation controlled by digital <prol signals; anal &g and ,
digital sensors for detecting the operation of said controllable device;

and a control circuigt. devi ¢e digepalsisemitaorshidtdx) mondhietlival boteggatedf ed
outfof said anal og sensor and the digital signal fed out of said digital

sensor for generati cgreaiit diqgoardingita gnsiapalct the pregedimg echaims,
conbustion engine including the conbination of the digital sem conductor
monolithic 15 i dnegombdgatiicauiwitdha digital eanteel eystemensaid
according to claim8, wherein the ignition timng is controlled with the

ai d of sensors whi clfoRdred: Y& AP HODar anet ers. 10, A digital

I nt egr at ed olithic sem conduct.or, 2 circuit constructed .
substantialrgyas her ei n de§bﬁqﬁ£fQ&%4¥¥%#Qﬁ¥%ﬁﬁaQQV%R% 1S | PPRERFLPRA i n
Figures 1 and 2 or Figures,l d 2. .as. dified Figure 3 of the

acconpanyi ng dr awi né’?%léfﬁz'lteéi‘{%yofzmt%t% M i%’h&h% Sheen reproduced by’
phot ocopyi ng the applicant ol t vy I P, nt aJ . few
anendnents which-are diffi %u%{lcgo%rqledadi./%%@#r i%gel#é P?g%(ggcé%gcgjéjﬁ?ai ni ng

these anendnents mayhe JRSRASIRA N 4 SR SER 514 NG PREED R i CE

a control circuit device responsive to both
10 the analog'signal fed out of said analog sensor
and the digital signal fed out of said digital sensor
for generating said digital control signals.
9. An internal combustion engine including the
combination of the digital semiéonductor monolifhic;
15 inﬁegréted circuit and digital controlled system
according to claim 8, wherein the ignition timing
is controlled with fhe aid of sensors which detect
certain engine parameters.
10. A digital integrated monolithic semiconductor
20 circuit constructed substantially as herein described
wiﬁh reference to and as illustrated in Figures

1 and 2 or Figures 1 and 2 as modified by Figure

3 of the accompanying drawings.

The text of the specification hss bemn reprodused by photocopying the applicants oxiginal
pt. . It nay contain a few smaendnents which are diffionlt to read. The original
typescript cantsining these smendments msy be inspected cn the premises of the Patent Offioce



